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Abstract

Coenzyme Q10 (CoQ) is an essential component of the mitochondrial
electron transport chain and an antioxidant. CoQ;, levels in tissues and
organs decline with age and are reduced in individuals with age-related
chronic disease. Supplementation with CoQ;, may alleviate the symptoms
of ageing and age-related chronic disease. This study examined whether
dietary habits affect plasma concentrations of CoQ;, and its redox status.
In the present study, 60 healthy Japanese men and women aged between
20 and 65 years were categorized into vegetarian/vegan and omnivore
groups based on a brief self-administered diet history questionnaire and
evaluated for CoQ, levels. Plasma CoQ;, levels and its redox status were
compared by liquid chromatography-tandem mass spectrometry.
Plasma concentrations of total CoQi, were found to be significantly
lower in the vegetarian/vegan group compared with the omnivore group
(0.79£0.23 vs 1.03+0.36 pg/mL, p=0.003). In contrast, the ubiquinol/total
CoQq ratio was significantly higher in the vegetarian and vegan group
(97.13+£0.41 vs 96.84+0.56%, p=0.027). No differences were observed in
plasma concentrations of iron, zinc, and calcium between the groups.
Althoughitisunknownwhetherthelower total CoQ,,plasma concentration
in the vegetarian/vegan group predicts an increased risk associated with
age-related diseases, further studies with extended markers, scale, and
timespan may identify convenient biomarkers to predict such risks.

Keywords: Coenzyme Q10, antioxidant, biomarker, ageing, age-
related disease
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Introduction

Studies have consistently linked vegetari-
an diets with improved health outcomes, includ-
ing a reduced risk of chronic diseases such as
heart disease, kidney disease, Type 2 diabetes,
obesity, and cancers, as well as increased lon-
gevity . However, it is difficult to exclude other
explanations, such as an increased health con-
sciousness among vegetarians, that may have a
compounding effect. Arecentreport of 18 years'
follow-up of the European Prospective Investi-
gation into Cancer and Nutrition (EPIC)-Oxford
study demonstrated that vegetarians had a
lower risk of developing ischemic heart disease
and a higher risk of developing haemorrhagic
and total stroke compared with meat-eaters 2.
Another recent report of 17.6 years' follow-up
of the EPIC-Oxford study demonstrated that
vegetarians and vegans have higher risks of to-
tal and site-specific bone fracture such as of the
femoral neck compared with meat-eaters 1.
Therefore, it remains unclear whether vegetarian
diets promote health and longevity and lower
the incidence of chronic diseases. A recent
systematic review concluded that the effects of
plant-based diets on brain health and cognitive
function remain to be clarified . One potential
reason for these conflicting results may be
related to the heterogeneous dietary habits
of vegetarians and non-vegetarians: vegetarians
includevegans, lacto-vegetarians, ovo-vegetarians,
lacto-ovo-vegetarians, and semi-vegetarians,
whereas non-vegetarians include all types of
meat-eaters and fish-eaters. The duration of
adherence to a particular diet may have also
affected the outcomes of previous studies.

Coenzyme Q10 (CoQ;p) is an essential com-
ponent of mitochondrial energy synthesis. Its
reduced form - ubiquinol - is a potent antioxi-
dant that protects cellular membranes and cel-
lular components, such as lipids and proteins,
from reactive oxygen species-induced oxidative

stress, and regenerates vitamin E . Further-
more, CoQ, has a significant role in modulating
gene expression related to inflammation and
reducing inflammatory responses, including the
secretion of tumour necrosis factor-a, interleu-
kin-6, and C-reactive protein ©. Although most
CoQ,, in the human body is produced de novo,
it has been estimated that approximately 25%
of plasma CoQ, is derived from a daily diet that
includes meat and fish, indicating the impor-
tance of a diet rich in CoQ,,. The richest dietary
sources of CoQ,o are meat, fish, and some oils;
lower levels of CoQo are present in most dairy
products, vegetables, fruits, and cereals " 8.
A previous study by Pedersen et al (1999) re-
ported that serum concentrations of CoQq, in
Greenland Eskimos who had a low incidence of
ischemic heart disease were significantly higher
than those in a Danish population, which may
be related to a diet rich in sea mammals and
fish, which contains high amounts of CoQ;, ..
CoQi has key roles in cellular metabolism;
CoQq, deficiency has a negative effect on indi-
vidual health status whereas CoQ;, supplemen-
tation positively affects health status ['°. Lower
concentrations of CoQ,, in plasma, serum and/
or tissues and organs have been detected not
only in people with diseases including cardio-
myopathy ', influenza virus infection %, and
in psychiatric patients with depressive epi-
sodes ' but in healthy people also, including
people with stressful occupations such as man-
agers and fighter pilots '¥; the elderly ']; and
premenopausal women who used hormonal
contraception ', The present study examined
whether dietary habits in vegetarians and veg-
ans affected the plasma concentration of CoQj,
and its redox status.

Materials and methods

The study protocol was approved by the
Clinical Trial Review Committee of the Medi-
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cal Care Corporation KAONKAI Miura Hospital,
Osaka, Japan (approval number: 17000161).
All participants gave written consent to partic-
ipate. The study was performed in accordance
with the Declaration of Helsinki (adopted in
1964 and revised in October 2013), the Ethical
Guidelines for Medical and Health Research
Involving Human Subjects (Notification No. 3
issued by the Ministry of Education, Culture,
Sports, Science and Technology, and the Minis-
try of Health, Labour and Welfare in 2014), and
the Act on the Protection of Personal Informa-
tion (Act No. 57; issued on May 30, 2003). The
study was registered with the (UMIN) Clinical
Trials Registry as UMIN000043690.

Participant selection criteria

A total of 60 participants were evaluat-
ed for this study. Healthy volunteers were en-
rolled if they fulfilled all the following inclusion
criteria but not the exclusion criteria. The in-
clusion criteria were: Japanese men or women
aged between 20 and 65 years at the time of
consent and who provided written informed
consent to participate in the study. The exclu-
sion criteria were: individuals currently taking
CoQ,, fortified functional nutritional foods or
dietary supplements containing CoQ.o; indi-
viduals with a medical history that may affect
digestion and absorption of foods; individuals
unable to ingest foods orally; smokers; profes-
sional/semi-professional athletes or athletes in
university sports teams or others who regularly
engage in intense exercise; individuals currently
taking medication for any disease; individuals
participating in any other study, or within four
weeks after participating in another study;
pregnant or breastfeeding women; individuals
taking supplements and/or diet foods that may
affect the outcomes of the study; individuals
judged inappropriate for the study by the princi-
pal investigator. On the basis of a brief, self-admin-
istered diet history questionnaire '}, participants
were categorized as omnivores (participants

who ate meat, fish, eggs, and dairy products),
vegetarians (did not eat meat or fish, but ate
eggs and dairy products), and vegans (did not
eat meat, fish, eggs, and dairy products).

Blood sample collection
and analysis

Blood samples were collected in heparin-
ized tubes and plasma was separated by cen-
trifugation. After adding 700 pL of 2-propanol
to 100 pL of each plasma sample, the solution
was stirred with a vortex mixer for 30 seconds
and stored at -78°C until analysis. Ubiquinol
and ubiquinone concentrations in the plasma
samples were determined using a liquid chro-
matography (LC)-mass spectrometry (MS)/MS
method described by Ruiz-Jiménez et al. with
a minor modification "8, Briefly, the detec-
tion and quantification were performed using
a QTRAP® 5500 LC-MS/MS System (AB SCIEX,
Framingham, MA, USA) equipped with a Tur-
bo V™ ion source and a Nexera HPLC system
(Shimadzu, Kyoto, Japan). Methanol containing
5 mM ammonium formate/2-propanol/water
(50:47:3, v/v/v) was used as the mobile phase
at a flow rate of 0.5 mL/min. The analytes were
separated in a (YMC)-UltraHT Pro C18 column,
50 mm x 2.0 mm id, particle size 2.0 pm (YMC,
Kyoto, Japan) maintained at 30°C. Calibration
curves were constructed according to a peak
area ratio of analyte/internal standard (coen-
zyme Q9) versus concentrations using weight-
ed linear least-squares regression. The limits
of quantification of both compounds were 0.05
pg/mL. Total cholesterol, high-density lipopro-
tein cholesterol, low-density lipoprotein choles-
terol, iron, zinc, and calcium were determined
by conventional clinical laboratory methods.

Statistical analysis

The results were expressed as the mean +
standard deviation. Statistical analysis was per-
formed using the Student'’s t-test for continuous
variables and chi-square test for categorical vari-
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ables (Microsoft Excel for Microsoft 365 MSO;
Microsoft, Redmond, WA, USA). All results were
considered statistically significant when p<0.05.

Results

The study participantsincluded 18 healthy
vegetarians (female/male: 16/2), 12 vegans (fe-
male/male: 9/3), and 30 omnivores (female/
male: 19/11). The characteristics of participants

are summarized in Table 1A. No statistical dif-
ference other than BMI was observed between
the omnivore and vegetarian/vegan group.
Plasma concentrations of total CoQ, ubiqui-
nol, ubiquinone, and the total CoQ¢/total cho-
lesterol ratio in the vegetarian/vegan group
were significantly lower than those in the om-
nivore group, whereas the CoQ;, redox state
(ubiquinol/total CoQq, ratio) was significantly
higher in the vegetarian and vegan group (Ta-
ble 1B). There was a significant difference in

Table 1. Baseline characteristics and CoQqo status in vegetarians, vegans and omnivores

Omnivores (n=30)

Vegetarians/vegans
(n=30)

p-value

A. Baseline characteristics

Age (years) 39.8+11.0 42.4+14.0 0.438
Female/male (n/n) 19/11 25/5 0.144
BMI (kg/m2) 21.4+24 19.9+2.5 0.023
Total Chol (mg/dL) 221.2+45.4 208.6+43.4 0.201
HDL Chol (mg/dL) 75.9+18.5 71.1+13.2 0.245
LDL Chol (mg/dL) 127.3+39.9 120.5+40.4 0.517
Triglyceride (mg/dL) 76.3+34.8 76.4+42.6 0.992
Total 1.03+0.36 0.79+0.23 0.003
Total CoQ10 (pg/mL) Female 1.01+0.41 0.79+0.24 0.033
Male 1.07+0.26 0.78+0.16 0.038
Total 1.00+0.34 0.77+0.22 0.003
Ubiquinol (ug/mL) Female 0.97+0.39 0.78+0.23 0.042
Male 1.04+0.25 0.72+0.12 0.019
Total 0.03+0.02 0.02+0.01 0.002
Ubiquinone (pg/mL) Female 0.03+0.02 0.02+0.01 0.011
Male 0.03+0.01 0.02+0.01 0.077
Total 0.21+0.06 0.17+0.04 0.004
Total CoQ,,/total Chol (pmol/pmol) Female 0.20+0.07 0.17+0.04 0.025
Male 0.22+0.03 0.19+0.02 0.136
Total 96.84+0.56 97.13+0.41 0.027
Ubiquinol/total CoQ, ratio (%) Female 96.74+0.66 97.13+0.43 0.023
Male 97.00+0.30 97.11+0.36 0.523

C. Plasma concentrations of iron, zinc, and calcium

Iron (pg/dL) 102.9+38.2 104.4+49.0 0.893
Zinc (pg/mL) 79.4+13.4 71.4+118 0.284
Calcium (mg/dL) 9.4+0.32 9.4+0.31 0.651

Data are expressed as the mean + standard deviation except for the sex ratio. Statistical analysis was performed using Stu-
dent's t-test for most data and chi-square test for sex ratio. Statistical differences were set at p<0.05.

CoQ1o = coenzyme Q10; Chol = cholesterol
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BMI related to the different number of male
participants, and a trend towards a different
sex ratio between all the groups, which might
have caused the differences in plasma CoQq,
and redox status. Therefore, we performed a
subgroup analysis by sex. As shown in Table
1B, similar results to those in the group analysis
were obtained in the female subgroup analysis.
By contrast, in the male subgroup analysis, sta-
tistical differences were observed only for total
CoQqo and ubiquinol, but not for ubiquinone,
total CoQ,./total cholesterol ratio, and redox
state. This may have been related to the low
number of participants - five subjects - in the
male vegetarian/vegan group, which might be
confirmed by the plasma concentrations of ubi-
quinone in the omnivore and vegetarian/vegan
group (0.03+0.02 and 0.02+0.01 pg/mL in the
female subgroup analysis, respectively, and
0.03+0.01 and 0.02+0.01 pg/mL, respectively, in
the male subgroup analysis). Despite the smaller
standard deviation value in the male omnivore
subgroup, the p-value was 0.077, indicating
that the sample size was too small. Thus, we
concluded that our results were reasonable in
both sexes, although these findings should be
confirmed by further, larger-scale tests in the
future. There were no differences in the plasma
concentrations of iron, zinc, and calcium be-
tween the two groups (Table 1C).

Discussion

To the best of our knowledge, this is the
first demonstration that plasma concentrations
of total CoQ,, and its redox status differ
between vegetarians/vegans and omnivores.
It is unknown, however, whether this is directly
related to the tissue and organ concentrations
of CoQ,, and its redox states of the two
different diet populations, and whether this
would predict outcomes in health and longevity
in advance.

In this study, the mean plasma total CoQ;,
concentration in the vegetarian/vegan group
was 76.7% of that in the omnivore group and
the difference was statistically significant. Weber
et al. reported that the contribution of dietary
CoQ,e equalled approximately 25% of plasma
CoQq if the average dietary intake of CoQ, in
Danish adults was estimated as 5.0 mg/day . In
addition, the average adult dietary intake of CoQ,
in Japanese and Finnish people was estimated
as 4.5 mg/day and 4.6 mg/day (men: 54 mg;
women: 3.8 mg), respectively'® 2%, Furthermore,
it was reported that meat, poultry, and fish
were important dietary sources of CoQ,, and
their contributions to the daily dietary intake of
CoQy in Japanese, Danish, and Finnish people
were approximately 66%, 64%, and 64%,
respectively 120, Considering these previous
findings, the 23.3% difference in plasma total
CoQ,, concentration between the vegetarian/
vegan and omnivore groups observed in our
study might be caused by differences in their
eating habits.

In contrast, the ubiquinol/total CoQ;o (%)
in the vegetarian/vegan group was higher than
that in the omnivore group. It was reported that
the redox status of CoQ;, in the plasma or serum
was a useful biomarker of oxidative stress 121 22,
and that increased oxidative stress expressed
as decreased ubiquinol/total CoQ;, ratios or
increased ubiquinone/total CoQ,, ratios was
found in patients with coronary artery disease,
hyperlipidaemia, and Type 2 diabetes [23-23],
In addition, an age-dependent increase in
oxidative stress - expressed as increased
ubiquinone/total CoQ,, ratios - was reported2°l,
Furthermore, vegetarians and vegans have low
oxidative stress, which may be related to their
higher intake of antioxidants such as vitamins E
and C, and beta-carotene from vegetables and
fruit?” 281, Therefore, the findings in this study
- that the ubiquinol/total CoQ,, ratios in the
vegetarian/vegan group were higher than those
in the omnivore group - may be explained by
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the above-described facts, at least in part.

Reduced CoQ,, concentrations in tissues
and organs and increased oxidative stress are
well documented in patients with age-related
chronic diseases, such as cardiovascular dis-
ease, kidney disease, neurodegenerative dis-
ease, and cancer, as well as in elderly people 291,
CoQq supplementation might therefore bene-
fit these individuals. However, the exact time-
point of the initiation of CoQ,, supplementation
in individuals without symptoms is unknown.
Because accumulated evidence indicates that
CoQy, supplementation does not work in the
advanced stages of CoQ,, deficiency, e.g., se-
verely damaged mitochondrial states in affect-
ed organs and tissues B%, it is better to start
CoQqo supplementation before deterioration
starts. To determine the optimal time to start
CoQy, supplementation, in addition to plasma
CoQ,, concentration and its redox status, it is
necessary to identify biomarkers that closely
reflect the current status of tissue and organ
CoQ, or predict in advance when CoQ;, sup-
plementation will be required.

Conclusion

In summary, the present study demon-
strates that plasma concentrations of total
CoQjo and ubiquinol are lower in the vegetar-
ian/vegan group compared with the omnivore
group, whereas the ubiquinol/total CoQ, , ratios
were higher in the vegetarian/vegan group.
Although it is unclear whether the low plasma
CoQy, concentrations observed in vegetarians
and vegans are associated with any specific
diseases or health conditions, considering the
crucial physiological roles of CoQ, vegetari-
ans and vegans may develop health problems
including poor sleep, fatigue, and depression.
However, at present, itis difficult to relate these
data directly to the tissue and organ concentra-
tions of CoQ,, and its redox status, and thus

biomarkers that might be used to easily and
appropriately evaluate the CoQ,, status are ur-
gently needed. Studies to examine the effects
of CoQ,, supplementation on various mark-
ers such as miRNAs, signalling molecules that
promote ageing and chronic inflammation, as
well as CoQ,, status in subjects with different
dietary habits over a longer duration will help
identify such markers. These studies will also
provide an enhanced insight into the CoQ; sta-
tus in health and age-related diseases, as well
as the optimal timing and dose of CoQ, supple-
mentation for individuals depending upon their
dietary habits.
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