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A B S T R A C T

Coenzyme Q10 (CoQ10) is an essential component of the mitochondrial electron transport chain responsible for
different functions, among them its action as an antioxidant compound. Low CoQ10 levels are related to in-
flammatory processes and oxidative stress, factors implicated in atherosclerosis, obesity, nonalcoholic fatty liver
(NAFLD), as well as metabolic syndrome (MS). MS is a disease characterized by cardiovascular risk factors linked
to obesity, dyslipidemia and hyperglycemia. NAFLD is recognized as a hepatic manifestation of MS and, together
with the latter, has a high incidence in the world population. Recent investigations have underscored the positive
effects of CoQ10 supplementation on the treatment of obesity, oxidative stress, MS, and NAFLD. The objective of
the present study was to analyze the evidence of the effects of CoQ10 supplementation on MS and NAFLD and to
provide a general view of the mechanisms of action of CoQ10 in both diseases.

1. Introduction

Coenzyme Q10 (CoQ10) is a benzoquine (2,3-dimethoxy-5 methyl-
6-decaprenyl-benzoquinone) [1] chemically similar to a liposoluble
vitamin consisting of a crystalline powder in its pure form [2]. This
molecule can be found in many aerobic organisms ranging from bac-
teria to mammals and is present in almost all the cells of the human
body. In the human organism, this enzyme plays an important role in
the respiratory chain, acting as an electron transporter for the pro-
duction of adenosine triphosphate (ATP) inside the mitochondria..

In its reduced form, CoQ10 acts as an antioxidant, protecting the
biological membranes against oxidation, inhibiting lipid peroxidation
[3], indirectly stabilizing the calcium channels to prevent calcium
overload [4], and participating in the recycling of α-tocopherol.

However, some factors may reduce its plasma concentrations, such as
aging, genetic factors, the use of certain drugs, and certain diseases.
Metabolic syndrome (MS) is a disease involving several signs and
symptoms such as dyslipidemia, arterial hypertension, hyperglycemia
accompanied by insulin resistance, and abdominal obesity [5], factors
that play a crucial role in mitochondrial dysfunction. The inflammatory
responses present in MS, such as the increase in tumor necrosis factor-α
(TNF-a), interleukin-6 (IL-6) and monocyte chemotactic protein-1
(MCP-1) can be clearly seen in the adipocyte dysfunction and insulin
resistance present in obesity and in metabolic disorders. Adipocyte in-
flammation may be a causal factor of reduced mitochondrial biogenesis
and energy homeostasis [6].

Because of the wide gamut of cellular properties of COQ10 favoring
the treatment of numerous diseases including MS by its antioxidant
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action, supplementation with this enzyme can be an ally in the stabi-
lization and restoration of the natural defenses of the organism. Thus, in
view of the above considerations, the objective of the present study was
to elucidate what Coenzyme Q10 is, its origin and characteristics, form
of absorption, and its relationship with MS and related diseases.

2. Characteristics of Coenzyme Q10

2.1. Chemical form

CoQ10 is synthesized from the mevalonate cycle, obtained from
acetyl-CoA, which goes on to produce cholesterol, dolichol and CoQ10
as the final product [7]. CoQ10 is also known as ubiquinone in its
oxidized form and ubiquinol in its reduced form. In humans, ubiqui-
none (2,3-dimethoxy-5 methyl-6-decaprenyl-benzoquinone) [1] has a
chain with isoprene units [8] and derives from the conjunction of the
benzoquinone ring with a chain of hydrophobic isoprenoids, all of them
with a double bond and trans configuration [9] (Fig. 1).

2.2. Function in the organism

In the respiratory chain, CoQ10 is responsible for electron transport
from the protein I complex (NADH dehydrogenase) to the protein II
complex (succinate dehydrogenase), and from complex II to complex III
(bc1 complex) [11]. When receiving the electrons from both complex I
and complex II, it remains in its reduced form as ubiquinol and, after
transferring the electrons to complex III it resturns to its oxidized form
as ubiquinone [7]. The organs that require higher energy concentra-
tions such as the brain, heart, kidneys and liver show higher CoQ10
rates [12] (Fig. 2).

2.3. Antioxidant function

By being vital for ATP synthesis, CoQ10 plays a crucial role in mi-
tochondrial bioenergy, acting on all cells of the organism and thus
being essential for health. Due to its redox property, it is useful for the
neutralization of reactive oxygen species, i.e., free radicals [13]. CoQ10
is the only endogenously synthesized liposoluble antioxidant that can
participate in redox reactions, acting on the prevention of damage to
DNA and proteins and on lipid peroxidation, and indirectly stabilizing
the calcium channels by preventing calcium overload [4]. The enzyme
acts on lipid peroxidation by either sequestering free radicals or redu-
cing the α–tocopheryl radical to α-tocopherol [14]. Its role is closely
similar to that of vitamin E, although vitamin E depends exclusively on
the diet and on hepatic reserves, with no endogenous synthesis, in
contrast to CoQ10.

2.4. CoQ10 sources

In healthy individuals, normal CoQ10 levels are maintained through
two pathways, i.e., the exogenous pathway by food ingestion and en-
dogenous synthesis by the mevalonate cycle. In the endogenous

production, the mevalonate cycle involves acetyl-CoA as the initial
substrate and cholesterol, CoQ10 and dolichol as the final products, the
last being crucial for protein glycosylation. In this pathway, the enzyme
prenyltransferase is responsible for the synthesis of the isoprenoid side
chain of CoQ10, with the later occurrence of another condensation of
this chain formed with 4-hydroxybenzoate [11]. In the exogenous
pathway, CoQ10 is ingested in its oxidized form, being later trans-
formed to its reduced form at the erythrocyte level. It is found naturally
in small amounts in different foods, but it occurs in significant amounts
in dark vegetables such as spinach and in legumes such as broccoli,
grains such as soy and peanuts, oleaginous fruits such as nuts and al-
monds, and mainly in read meats such as heart and liver and in some
fish like mackerel and sardines [15]. However, the dose of CoQ10 that
can be obtained from food is 2–5mg/day and only about 10% of what is
ingested is absorbed by the gastrointestinal tract due to the low water
solubility and high molecular weight of the enzyme, an insufficient
amount to meet the demands of the organism in the presence of redox
imbalance [1,16].

2.5. Absorption

In healthy individuals, about 95% of the CoQ10 circulating in
plasma is in the reduced ubiquinol form [2]. Because it is hydrophobic
and has a high molecular weight, CoQ10 is absorbed from the diet in a
slow and limited manner, as is the case for lipids. Plasma CoQ10 levels
start to increase 1–2 h after oral intake, with maximum concentration
occurring within 6–8 h and with a half-life that may reach 34 h [17].
CoQ10 is mainly absorbed in the small bowel and is then transported to
the liver, forming the lipoprotein complex [18]. For transport, CoQ10 is
coupled to the chylomicrons, being taken up by the liver17 and being
then incorporated into LDL, which transports 58% of it, and into HDL,
which transports 26% of it. CoQ10 is then distributed to various tissues
such as the spleen, adrenals, lungs, kidneys, and myocardium [8]. The
main pathways of CoQ10 elimination are the bile ducts and the feces,
and a small fraction of what is absorbed ends up by being eliminated in
urine [19].

2.6. Supplementation

Several brands of commercial products containing CoQ10 are
available on the market as powders, capsules or oil, in the reduced or
oxidized form and in different doses, representing different forms of
bioavailability [7]. Solubilized CoQ10 formulations have greater bioa-
vailability and are absorbed at faster rates than powders, tablets, cap-
sules or oil powder suspensions [20]. Comparison of the solubilized
forms of ubiquinol and ubiquinone has shown that ubiquinol is better
absorbed [2].

Several clinical trials involving the most diverse diseases have ad-
ministered a variety of CoQ10 doses and have reported that adverse
effects were more common at doses above 1200mg/day [21], with
doses of 22–400mg/day being considered safe [22].

2.7. Contraindication and adverse effects

CoQ10 supplementation is quite safe. Several clinical trials using
high doses did not show adverse effects significant enough to com-
promise the therapy [23]. The enzyme should be administered with
caution to pregnant or breastfeeding women or to small children since
its effects during these periods have not been fully clarified. Gastro-
intestinal effects such as abdominal discomfort, diarrhea, vomiting, and
nauseas, as well as headache and allergic skin rashes have been re-
ported to occur in less than 1% of patients in clinical trials [24]. Due to
the antiplatelet and hypotensive potential of this medication [18], pa-
tients who use it should be monitored. Several studies have reported
reduced CoQ10 values after its use in combination with HMG-CoA re-
ductase inhibitors (statins) due to the fact that both CoQ10 and

Fig. 1. Chemical structure of CoQ10 (reproduced from Prakash S et al., 2010)
[10].

D. Casagrande et al. Journal of Nutrition & Intermediary Metabolism 13 (2018) 26–32

27



cholesterol are synthesized through the mevalonate pathway. The re-
duction of serum CoQ10 concentrations may be as high as 54% [25,26].
The magnitude of the reduction of CoQ10 in combination with statins
has been shown to be dose related and reversible with the cessation of
treatment. It has been hypothesized that this reduction may be the
cause of the adverse effects of statins, and CoQ10 supplementation
during treatment with statins could be a possible mediator treatment as
long as it is properly monitored [27,28] (see Fig. 3).

2.8. Measurement in plasma and analytical methods

In human beings, CoQ10 concentration peaks at about 20 years of
age [29]. Its plasma concentration in adults may range from 0.5 to 1.7
μg/ml [30–32], with approximately 75% of it being the reduced form,
and the highest concentrations are found in the muscles [33]. However,
several factors may interfere with CoQ10 levels, both in terms of an
increase and a decrease. The presence of free radicals and of other re-
active oxygen and nitrogen species related to certain diseases such as
diabetes mellitus, hypercholesterolemia, hypertriglyceridemia, Alzhei-
mer's disease and vitamin A deficiency in some organs cause an increase

in CoQ10 in order to increase the antioxidant defenses against the
production of free radicals due to these diseases. With aging, CoQ10
levels in the organs may decrease by 30–60%. Persons with heart or
thyroid diseases and certain genetic deficiencies such as primary and
secondary mutations affecting the biosynthesis of CoQ10, and even
high performance athletes appear to suffer the influence of CoQ10 le-
vels [34]. According to Bentinger et al. [11], the quantity, structure and
size of mitochondria may also be an additional factor inducing an in-
crease or a decrease in CoQ10 levels in the organism.

HPLC is the technique most frequently used to determine CoQ10
levels after extraction from plasma or tissue. Since CoQ10 is highly
hydrophobic, its analysis is carried out in two phases. In the first, se-
paration is carried out using a highly hydrophobic inverse phase with a
C18 column with a high carbon load, and in the second a mobile phase
is used based on inferior alcohols such as hexane or included heptane
[7].

2.9. Effects of CoQ10 on inflammation and fat metabolism

Inflammation is the response to injury caused by endogenous or

Fig. 2. Mirochondrial electron transport chain. NADH=nicotinamide adenine dinucleotide, Q=CoQ10, C= cytochrome C, Fe-S= iron-sulfur agglomerates,
C1= cytochrome C1, b= cytochrome b, a1-Cu= copper-containing cytochrome a1, ADP= adenosine diphosphate, ATP=adenosine triphosphate. The arrows
indicate the electron flow through the pathway (reproduced from Molyneux SL et al., 2008) [7].

Fig. 3. Mevalonate cycle. Inhibition of HMG-CoA reductase by statins, including CoQ10 (reproduced from Molyneux SL et al., 2008) [7].
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exogenous factors to tissues or organs and is of help in the restoration of
impaired homeostasis [35]. During this process, various inflammatory
cytokines are generated, such as TNF-α and IL-1 and IL-6. In local in-
flammation, macrophage infiltration and fibroblast activation are two
responses that, on a chronic basis, will trigger inflammation of adipose
tissue [36,37].

The mitochondria play a fundamental role in adipocyte differ-
entiation and maturation [38], in addition to generating sufficient ATP
to support the lipogenic processes that consume energy during pre-
adipocyte differentiation [39]. Mitochondrial dysfunction and the
consequent reduction of CoQ10 levels can occur in obese individuals
who exhibit increased fat deposition in the organism [40]. Among the
factors contributing to mitochondrial dysfunction is an excessive nu-
trient supply which will later contribute to the formation of reactive
oxygen species and to the production of toxic lipid species, stress of the
endoplasmic reticulum, aging and/or proinflammatory processes and
mitochondrial fission. Individually or in combination these events
contribute to the development of insulin resistance and obesity in the
organism as a whole [41]. Fat deposition in the organism is related to
high levels of hyperglycemia, hypertriglyceridemia and arterial hy-
pertension, common characteristics of MS. Among the effects of CoQ10
is its ability to prevent the adipogenesis induced by rosiglitazone in
obese rats [42] and to inhibit adipocyte differentiation [43], and
treatment with CoQ10 has been reported to increase fat oxidation and
energy expenditure in inguinal white adipose tissue [42].

2.10. Relationship of CoQ1O with metabolic syndrome and nonalcoholic
fatty liver disease

Metabolic syndrome is characterized by a complex ensemble of risk
factors such as abdominal obesity, hyperglycemia, dyslipidemia and
arterial hypertension and, when present, it increases the risk of cardi-
ovascular events and of type 2 diabetes mellitus by about 2–6 times
[5,44]. The growing MS epidemic and its complications have been ac-
companied by increased liver changes including NAFLD. As a result of
insulin resistance, NAFLD is considered to be a metabolic disorder
manifested in the liver [45]. NAFLD is the main cause of abnormal
hepatic function [46] and is represented by excessive fatty acid accu-
mulation in the hepatocytes favoring lipogenesis and inhibiting lipo-
lysis, with an excessive increase in the supply of fatty acids followed by
an increase in oxidative stress, endoplasmic reticulum stress, mi-
tochondrial dysfunction and chronic endotoxemia [47]. With time, this
steatotic liver becomes susceptible to hepatocellular damage, in-
flammation and fibrosis.

Diabetic hyperglycemia and metabolic disorders are among the
main factors responsible for the inactivity of the antioxidant system and
for the reduction of mitochondrial function. CoQ concentrations may be
reduced in diabetic patients [48,49]. Supplementation with 100mg/
day CoQ10 for 8 weeks improved the serum levels of insulin, HOMA-IR
an HOMA-B in obese patients with MS, type 2 diabetes mellitus and
coronary disease and increased the plasma levels of total antioxidant
capacity [50]. Gholami et al. [51] also supplemented with 100mg/day
for 12 weeks women, with diabetes mellitus 2 and noted the decrease in
fasting blood glucose values, HOMA-IR and other markers such as total
cholesterol, LDL cholesterol, ferritin and an increase in HDL cholesterol.
Zahedi et al. [52] found a similar result, where supplementation with
CoQ10 significantly reduced levels of fasting glycemia in patients with
diabetes mellitus 2. However, Eriksson et al. [53] did not found im-
prove the glycemic control or lipid levels in type 2 diabetic patients
during 6 months of supplementation. Additional investigations are
needed to assess the action of CoQ10 on glycemic control.

Increased glucose intolerance and oxidative stress play a crucial role
in the development of endothelial dysfunction and arterial hyperten-
sion in patients with MS. A meta-analysis evaluating the effects of
CoQ10 supplementation on the treatment of hypertension detected
beneficial results of this treatment. Among the findings, the final blood

pressure was lower than the initial levels before CoQ10 supplementa-
tion [54]. Another study showed that supplementation with 50mg/day
of CoQ10 administered twice daily for 10 weeks reduced the arterial
hypertension of the evaluated patients [55]. However, perhaps, sup-
plementation is not as beneficial for patients with inadequate blood
pressure control, because in a study conducted on subjects with MS
patients with decompensated pressure, supplementation with 100mg/
day CoQ10 for 12 weeks was not associated with any clinically relevant
changes in blood pressure [56]. One of the theories proposed to explain
the effects of CoQ10 on the reduction of blood pressure is the decreased
peripheral vascular resistance by the preservation of nitric oxide bioa-
vailability [16].

There are some controversies regarding the role of CoQ10 in the
lipid profile. Moasen et al. [57] after 8 weeks of supplementation did
not find differences in the lipid profile of patients with diabetes mellitus
2. While some authors [51] [58] [59], highlight the positive effects of
supplementation on the reduction of total cholesterol, LDL-cholesterol
and increase of HDL-cholesterol in patients with MS and DM2. CoQ10
has beneficial effects on lipid metabolism through the oxidation of fatty
acids and increased PPARα (Peroxisome proliferator-activated receptor
α), involved in the increase of β-oxidation of fatty acids and lipolysis
[57].

NAFLD is associated with central obesity, insulin resistance and
dyslipidemia, common characteristics of MS, and has been reported to
be the hepatic manifestation of the syndrome [45]. Available data show
that 60% of persons with MS have NAFLD, indicating a strong corre-
lation between the two disorders [60]. Oxidative stress and in-
flammation are responsible for hepatic injury. As a result of disorders
related to fatty acid absorption, synthesis, degradation and secretion,
macrovesicular steaosis occurs in the liver, mainly due to fatty acid
esterification to triglycerides and to the reduced triglyceride transport
outside the liver. In addition, oxidative stress occurs as a consequence
of hepatic changes, triggering lipid peroxidation and the consequent
release of inflammatory cytokines [61]. Among the consequences of
NAFLD is steatohepatiis which can potentially progress to fibrosis and
cirrhosis, the latter involving dramatic complications such as the de-
velopment of hepatocarcinoma [62].

Recent studies have shown that CoQ10 supplementation may be an
ally in the treatment of NAFLD. Some biochemical markers are specific
for fatty infiltration in the liver such as IL-6 [63] and GGT (gamma-
glutamyl transferase). GGT is one of the markers indicative of infiltra-
tion and shows a direct relationship with insulin resistance. Previous
studies highlight the improvement in GGT activity after supplementa-
tion with CoQ10 [51] [64] [65], in patients with NAFLD.

After 4 weeks of supplementation with 100mg/day CoQ10,
Farhangi et al. [66] detected changes in serum vaspin, chemerin and
pentaxin values, as well as a reduction of liver enzymes and of ab-
dominal circumference in patients with NAFLD. In another study,
CoQ10 administration improved systemic inflammation and the bio-
chemical variables present in NAFLD [64]. CoQ10 supplementation was
also effective for the protection of the liver in various models leading to
hepatic dysfunction and in aging by means of its antioxidant action
[67,68] (Table 1).

3. Conclusion and perspectives

In view of the above discussion, we may conclude that CoQ10 de-
ficiency interferes in a negative manner with inflammatory and oxi-
dative parameters. Supplementation with CoQ10 in the treatment of
pathologies such as obesity, MS and NAFLD is still not clear. Finally,
additional investigations are needed about the basic aspects of the roles
of CoQ10 in this pathologies, as well as clinical studies for the de-
termination of the ideal time of supplementation, the dose and the ef-
fects of the enzyme on inflammation and oxidative stress.
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Table 1
Studies of CoQ10 in metabolic syndrome or nonalcoholic fatty liver disease.

Study Author/Year Methods Results

Effects of Coenzyme Q10 supplementation on serum salues of
samma-glutamyl transferase, sseudocholinesterase,
silirubin, serritin, and sigh-sensitivity C-reactive protein in
women with type 2 diabetes

Mahsa Gholami et al,
2018 [51]

• A randomized, double-blind,
placebo-controlled study

• 70 women with type 2 diabetes
mellitus

• 100mg/day

• 12 weeks

↓ Fasting glycemia
↓Serum insulin levels (HOMA – IR)
↓ Ferritin
↓ Total Cholesterol
↓LDL-C
↑ HDL-C

Functions of coenzyme Q10 supplementation on liver enzymes,
markers of systemic inflammation, and adipokines in
patients affected by nonalcoholic fatty liver disease: A
double-blind, placebo-controlled, randomized clinical trial

Farnaz Farsi et al, 2016
[64]

• A randomized, double-blind,
placebo-controlled study

• 41 subjects with NAFLD

• 100mg/day

• 12 weeks

↓ AST
↓ GGT
↓ C-reactive protein
↓ Tumor necrosis factor
↓ NAFLD
↑Adiponectin
↑Serum leptin

The effects of coenzyme Q10 administration on glucose
homeostasis parameters, lipid profiles, biomarkers of
inflammation and oxidative stress in patients with metabolic
syndrome

Fariba Raygan et al,
2015 [50]

• A randomized, double-blind,
placebo-controlled study

• 60 overweight or obese patients
with type 2 diabetes mellitus and
coronary disease.

• 100mg/day

• 8 weeks

↓Serum insulin levels (HOMA – IR and
HOMA – B);
↑ TAC (although this difference
disappeared when the value was adjusted
for BMI and age);
↑Plasma glutathione (tendency)
↓ Malondialdehyde

Effect of coenzyme Q10 on glycaemic control, oxidative stress
and adiponectin in type 2 diabetes

M Moasen et al, 2015
[57]

• A randomized, single-blind,
placebo-controlled study

• 52 patients with type 2 diabetes
mellitus

• 100 mg/twice day

• 8 weeks

↓ Fasting glycemia
↓Glycated Haemoglobin
↓Adiponectin

Effects of CoQ10 supplementation on lipid profiles and glycemic
control in patients with type 2 diabetes: a randomized,
double blind, placebo-controlled trial

Hoda Zahedi et al,
2014 [52]

• A randomized, double-blind,
placebo-controlled study

• 40 subjects with type 2 diabetes
mellitus

• 150mg/day

• 12 weeks

↓ Fasting glycemia
↓Glycated Haemoglobin
↓triglyceride
↓HDL-C
↑LDL-C

Oral coenzyme Q10 Supplementation in patients with
nonalcoholic fatty liver disease: effects on serum vaspin,
chemerin, pentraxin 3, insulin resistance and oxidative
stress

Mahdieh Abbasalizad
Farhangi et al, 2014
[66]

• A randomized, double-blind,
placebo-controlled study

• 44 subjects with NAFLD

• 100mg/day

• 4 weeks

↓Abdominal circumference
↓ AST
↓ TAC
↓ Fasting glycemia (stepwise) was a
significant predictor of changes in serum
vaspin, chemerine and pentraxin 3.

Effects of coenzyme q10 supplementation on serum lipoproteins,
plasma fibrinogen, and blood pressure in patients with
hyperlipidemia and myocardial infarction

Mona Mohseni, et al
2014 [59]

• A randomized, double-blind,
placebo-controlled study

• 52 subjects with hyperlipidemia
and myocardial infarction

• 200mg/day

• 12 weeks

improve blood pressure;
↑HDL-C
↓Total Cholesterol
↓LDL-C
↓ Fibrinogen

The effect of coenzyme Q10 supplementation on metabolic
status of type 2 diabetic patients.

Mohammadi R
Kolahdouz et al, 2013
[58]

• A randomized, double-blind,
placebo-controlled study

• 64 subjects with type 2 diabetes
mellitus

• 200mg/day

• 12 weeks

↓ Fasting glycemia
↓Glycated Haemoglobin

A randomized, double-blind, placebo-controlled crossover study
of coenzyme q10 therapy in hypertensive patients with
metabolic syndrome

Joanna M. Young et al,
2012 [56]

• A randomized, double-blind,
placebo-controlled study

• 30 subjects with MS, type 2 diabetes
mellitus and inadequate control of
blood pressure

• 100mg (twice a day)

• 12 weeks

Coenzyme Q10 was well tolerated and was
not associated with any clinically relevant
changes in blood pressure.

* Coenzyme Q10 in the treatment of hypertension: a meta-
analysis of the clinical trials

Rosenfeldt FL et al,
2007 [54]

• 12 clinical trials

• 362 subjects

• Arterial hypertension or inadequate
control of pressure

↓ Systolic and diastolic arterial pressure

The effect of coenzyme Q10 administration on metabolic control
in patients with type 2 diabetes mellitus

Eriksson JG et al, 1999
[53]

• A randomized, double-blind,
placebo-controlled study

• 23 subjects with type 2 diabetes
mellitus

• 200mg/day

• 24 weeks

No significant changes in metabolic
parameters were observed.

HOMA – IR: Homeostatic model assessment insulin resistance; HOMA – B Homeostatic model assessment beta-cell function; TAC: Total antioxidant capacity; BMI:
Body mass index; AST: Aspartate transaminase; GGT: Gamma glutamyl transpeptidase; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol. * Meta-analysis.
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