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The purpose of this study was to investigate the levels of coenzyme Q10 and vitamin E and the antioxidant status in subjects with
metabolic syndrome (MS). Subjects with MS (n = 72) were included according to the criteria for MS. The non-MS group (n = 105)
was comprised of healthy individuals with normal blood biochemical values. The plasma coenzyme QI0, vitamin E concentrations,
lipid profiles, and antioxidant enzymes levels (catalase, superoxide dismutase, and glutathione peroxidase) were measured. The
subjects with MS had significantly higher concentrations of plasma coenzyme Q10 and vitamin E than those in the non-MS group,
but these differences were not significant after being normalized for triglyceride level. The levels of antioxidant enzymes were
significantly lower in the MS group than in the non-MS group. The subjects with the higher antioxidant enzymes activities had
significant reductions in the risk of MS (P < 0.01) after being adjusted for coenzyme Q10 and vitamin E. In conclusion, the subjects
with MS might be under higher oxidative stress resulting in low levels of antioxidant enzyme activities. A higher level of antioxidant
enzymes activities was significantly associated with a reduction in the risk of MS independent of the levels of coenzyme QI0 and

vitamin E.

1. Introduction

Metabolic syndrome (MS) represents a cluster of physiologi-
cal and anthropometric abnormalities [1] and is recognized as
a significant risk factor for cardiovascular disease and type II
diabetes [2]. The Third National Health and Nutrition Exam-
ination Survey (1988-1994) reported that more than 20% of
the adult population in the USA suffered from MS [3, 4]. A
recent report from the Elderly Nutrition and Health Survey
in Taiwan (NAHSIT) conducted during 1999-2000 noted that
26% of men and 47% of women suffered from MS [5]. The
health and dietary transition in Taiwan is beginning to have
some similarities with western nations. The NAHSIT (2005-
2008) observed that dietary habits in Taiwan were changing,

particularly in regard to intake of cakes, sweets, and sugary
drinks. The energy intake in young people has increased
because of the popularity of fast food chains, and combined
with an increasingly sedentary lifestyle, this may have led
to the increase in obesity and associated metabolic diseases
[6]. The markers of MS, including insulin resistance, type
II diabetes, hypertension, dyslipidemia, and visceral obesity,
may increase oxidative stress [7-9] and reduce antioxidant
defenses [10-12]. Increases in oxidative stress contribute to
impaired vascular function, inflammation, thrombosis, and
atherosclerosis and ultimately give rise to vascular disease
[13].

Coenzyme QI0 and vitamin E are lipid-soluble vitamins
known for their excellent antioxidant qualities. The Third
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National Health and Nutrition Examination Survey indicated
that adults with MS have suboptimal concentrations of
antioxidants [14]. However, the French SUVI.MAX (Supple-
mentation en Vitamines et Minéraux AntioXydants) trials
followed subjects without MS for 75 years and showed that
there was no beneficial effect of antioxidant supplementation
(such as vitamin E) on the incidence of MS [15]. Coenzyme
Q10 (also called ubiquinone) is a lipid-soluble benzoquinone
containing 10 isoprenyl units in its side chain. Coenzyme Q10
is a key component of the mitochondrial respiratory chain
and is required for adenosine triphosphate (ATP) synthesis
[16, 17]. Coenzyme QIO is an intracellular antioxidant that
protects low-density lipoprotein cholesterol (LDL-C) from
free radical-induced oxidative damage [18, 19]. It has demon-
strated potential cardioprotective properties and reduces the
risk of coronary artery disease [20]; however, few studies have
examined the concentration of coenzyme QI0 in patients
with MS. In the present study, we hypothesize that subjects
with MS might be under higher oxidative stress, which
influences their antioxidant status. Therefore, the purpose of
this study was to investigate the antioxidant status and the
levels of coenzyme Q10 and vitamin E in the subjects with
MS.

2. Materials and Methods

2.1. Subjects. This study was a cross-sectional study. We
expected the differences in the mean levels of plasma coen-
zyme QI0 between the MS and non-MS groups to be 0.2 +
0.3 umol/L based on the Miles et al. study [21]. The desired
power was set at 0.8 to detect a true effect, alpha was
set at 0.05 (¢ = 0.05), and a minimum sample size of
50 participants was required for each group. Subjects with
MS (n = 72) were recruited from the Department of
Family and Community Medicine of Chung Shan Medical
University Hospital in Taiwan. The inclusion criteria for
the MS group were based on the definition published by
the Taiwan Bureau of Health Promotion, Department of
Health (2007). The subjects were diagnosed with MS if
they had 3 of the following 5 characteristics: (1) abdominal
obesity (waist circumference >90 cm in men and >80 cm in
women), (2) impaired fasting glucose (>5.6 mmol/L), (3)
hypertriglyceridemia (>1.7mmol/L), (4) low high-density
lipoprotein cholesterol (HDL-C <1.0 mmol/L in men and
<L.3mmol/L in women), and (5) increased blood pressure
(systolic blood pressure>130 mmHg and diastolic blood
pressure >85mmHg). The diagnostic criteria for MS of
Taiwan are according to the National Cholesterol Education
Program Adult Treatment Panel III (ATP III, 2001), Inter-
national Diabetes Federation (IDE 2005), and the Amer-
ican Heart Association/National Heart, Lung, and Blood
Institute (AHA/NHLBI, 2005) criteria [1, 22, 23]. Therefore,
the diagnostic criteria for MS of Taiwan are similar to
these international criteria. The subjects who were using
antidiabetic, antihypertensive, or lipid-lowering medications
were considered to have elevated fasting blood glucose,
elevated blood pressures, and dyslipidemia, respectively. The
concentration of coenzyme Q10 might be affected by statin
therapy [24]; therefore, the subjects with MS who were
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receiving statin therapy were excluded. The subjects in the
non-MS group (n = 105) were recruited from the physical
examination unit of the hospital. The inclusion criteria for the
non-MS group were based on the subjects’ medical records
from the previous month. The subjects were included in the
non-MS group if they did not have a diagnosis of any of the
following diseases or conditions: gastrointestinal disorder,
hypertension, hyperlipidemia, liver disease, renal disease,
diabetes, or other metabolic diseases. The subjects also had to
exhibit normal blood biochemical values, including all of the
following characteristics: fasting glucose <5.6 mmol/L, blood
urea nitrogen <7.9 mmol/L, creatinine <123.8 yumol/L, alka-
line phosphate <190 U/L, glutamic oxaloacetic transaminase
<35U/L, and glutamic pyruvate transaminase <45 U/L. The
subjects in both MS and non-MS groups who were taking
antioxidant vitamin supplements (including coenzyme Q10
and vitamin E supplementation) were excluded from the
study. This study was approved by the Institutional Review
Board of Chung Shan Medical Hospital in Taiwan, and the
written informed consent was obtained from each subject.
The age, blood pressures, and smoking habits of each
subject were recorded. The blood pressure was measured
by a sphygmomanometer with repeated measurements for
concordance in each subject after resting for at least 5 min.
The body weight, height, and waist and hip circumferences
of each subject were measured by a trained examiner of the
same gender as the study subjects, and the body mass index
(kg/mz) and the waist to hip ratio were then calculated. The
subjects were instructed to complete a 24 h dietary recall of
the day before blood sample collection. The nutrient compo-
sition was calculated with Nutritionist Professional software
(E-Kitchen Business Corp., Taiwan); the nutrient database
was based on the Taiwan food composition table (Food
and Drug Administration, Department of Health, Taiwan;
http://www.doh.gov.tw/Food Analysis/ingredients.htm).

2.2. Blood Collection and Biochemical Measurement. Fasting
venous blood samples (15mL) were obtained to estimate
the levels of fasting glucose, blood lipid profiles, antioxidant
enzymes activities, coenzyme QI0, vitamin E, and inflamma-
tory markers. The researchers advised that all subjects fast for
10-12h before blood collection and avoid exercise for 24 h
before blood collection. Blood specimens were collected in
vacutainer tubes with and without EDTA as an anticoagulant
as necessary. Serum and plasma were prepared and frozen
(-80°C) for storage until analysis. Blood lipid parameters
(i.e., total cholesterol (TC), triglyceride (TG), LDL-C, and
HDL-C) concentrations were measured using an automated
biochemical analyzer (Hitachi-7180E, Tokyo, Japan).

Plasma coenzyme QIO and vitamin E were measured
by high-performance liquid chromatography (HPLC) and
detected by a UV detector at 275 nm and 292 nm, respectively
[25, 26]. Red blood cells (RBCs) were diluted with 25x
sodium phosphate buffer for SOD (superoxide dismutase)
and GPx (glutathione peroxidase) measurements and 250x
sodium phosphate buffer for CAT (catalase) measurement.
The methods for measuring CAT, SOD, and GPx in RBCs
have previously been described [27-29]; measurements were
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TaBLE 1: Characteristics of subjects.

TABLE 2: The odds ratios of metabolic syndrome based on the
antioxidant enzymes activities.

MS Non-MS
(n=72) (n =105) Odds ratio (95% CI) P value
Male/female (1) 43/29 52/53 CAT < 22.5U/mg protein 1.00 —
Age (y) 533+ 11.6' 52.0 + 8.1 CAT > 22.5 U/mg protein
Systolic blood pressure (mmHg)  141.9+11.8"  118.8+16.8 Model I 0.45 (0.24-0.84) 0.01
Diastolic blood pressure (mmHg) 88.5 + 10.3" 77.7+9.8 Model 2* 0.29 (0.11-0.75) 0.01
Waist circumference (cm) 96.0 + 12.4" 80.6 +13.6 SOD < 42.2 U/mg protein 1.00 -
Fasting glucose (mmol/L) 75+2.6" 52+1.1 SOD = 42.2U/mg protein
TC (mmol/L) 49410 51409 Model 1 0.25(0.13-0.47) <0.01
. Model 2 0.29 (0.11-0.75) 0.01
TG (mmol/L) 1.9+0.9 1.3+0.6 .
. GPx < 34.1U/mg protein 1.00 —
LDL-C (mmol/L) 3.2+09 29+0.7 GPx > 34.1U/mg protein
HDL-C (mmol/L) 1.2+03" 1.4+ 0.4 Model 1 0.03 (0.01-0.08) <001
TC/HDL-C 44+12° 39+12 Model 2 0.06 (0.02-0.19) <0.01
Dietary intake INone adjusted.
Energy (Kcal/d) 2002.8 + 529.9 1905.0 + 694.4 % Adjusted for age, gender, waist circumferences, triglyceride, coenzyme QI0,
Protein (g/d) 67.7+20.8 76.3+36.9 aCrfT‘:nct:?alllar.lsf .activity; CI: confidence interval; GPx: glutathione peroxidase;
Percentage of total calories (13.6%) (16.0%) SOD: superoxide dismutase.
Fat (g/d) 747 £273°  60.5+323
Percentage of total calories (33.4%) (28.6%)
Carbohydrate (g/d) 264.1+76.3 2658 +104.1 calculated from the logistic regression models base on the
Percentage of total calories (53.0%) (55.8%) fifth level (50th percentile) of antioxidant enzymes activities.
Polyunsaturated fatty acid (g/d) 269+ 132° 212+ 123 The data are expressed as the.means + the s'tandar'd dc.eviations
] (SD). The results were considered statistically significant at
Percentage of total calories (12.1%) (10.0%) P <005
Monounsaturated fatty acid (g/d)  22.6 + 11.0" 18.8 +12.6
Percentage of total calories (10.2%) (8.9%)
Saturated fatty acid (g/d) 204+103°  172+115 3. Results
Percentage of total calories (9:2%) (8.1%) Table 1 shows the demographic data and health characteris-
Vitamin E (mg «-T.E./d) 6.6 +3.4" 55+3.4 tics of the subjects. The subjects with MS had significantly
Vitamin E/fat (mg a-T.E./g) 0.1+0.0 0.1+0.1 higher values of systolic blood pressure, diastolic blood

'Mean + SD. *Values were significantly different between case and control
groups.

HDL-C: high-density lipoprotein-cholesterol; LDL-C:
lipoprotein-cholesterol; TC: total cholesterol; TG: triglyceride.

low density

acquired with a spectrophotometer at 240 nm, 325 nm, and
340 nm, respectively. The RBC protein content was deter-
mined based on the Biuret reaction of the BCA kit (Thermo,
Rockford, IL, USA). The antioxidant enzymes levels were
expressed as units/mg protein. All analyses were performed
in duplicate and repeated measurements of the same sample
varied by less than 10%.

2.3. Statistical Analyses. The data were analyzed using
SigmaPlot software (version 12.0, Systat, San Jose, California,
USA). The normal distribution of variables was evaluated
using the Shapiro-Wilk test. The differences in demographic
and hematological measurement data between the MS and
non-MS groups were analyzed using Student’s t-test or
the Mann-Whitney rank sum test. For categorical response
variables, differences between the two groups were assessed
using the Chi-square test or Fisher’s exact test. Adjusted
odds ratios with 95% confidence intervals (CI) for MS were

pressure, waist circumference, fasting glucose, TG, LDL-C,
and TC/HDL-C and lower HDL-C values than those in the
non-MS group. With respect to dietary intake, the subjects
with MS had higher fat (P < 0.01), saturated fatty acid (P =
0.03), and unsaturated fatty acid (P = 0.01), and vitamin E
(P = 0.02) intakes than those in the non-MS group. However,
the vitamin E intake was not significantly different between
the two groups after normalization by fat intake.

The levels of plasma coenzyme QI0, vitamin E, and
antioxidant enzymes are shown in Figures 1 and 2. The sub-
jects with MS had significantly higher plasma coenzyme Q10
and vitamin E concentrations (P < 0.01). After normalization
to TG, the ratio of coenzyme Q10 to TG (P = 0.91) and the
ratio of vitamin E to TG (P = 0.15) were not significantly
different between the MS and non-MS groups. With respect
to the antioxidant enzymes activities, the subjects with MS
had lower CAT (P = 0.02), SOD (P < 0.01), and GPx
activities (P < 0.01) than those in the non-MS group.

Furthermore, we calculated the odds ratio of MS base
on the antioxidant enzymes activities (Table 2). The subjects
with higher antioxidant enzymes activities had significant
reductions in the risk of MS, even after being adjusted for the
potential confounders of MS and the levels of coenzyme Q10
and vitamin E.
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FIGURE 1: The levels of plasma coenzyme Q10 and vitamin E. *Values were significantly different between case and control groups; P < 0.01.

TG: triglyceride.

4. Discussion and Conclusion

The present study showed a statistically significant difference
in the antioxidant status and levels of coenzyme Ql0 and
vitamin E in the subjects with MS. The subjects with MS
had significantly higher levels of plasma coenzyme Q10 and
vitamin E than those in the non-MS group, but these dif-
ferences were not statistically significant after normalization

to TG. A previous study was conducted by Miles et al. [21],
who found that the coenzyme QIO level was significantly
higher in subjects with MS and proposed that an increase in
the level of coenzyme QI0 might be a result of the natural
antioxidant defense to certain features of MS. The Third
National Health and Nutrition Examination Survey [14] also
noted that subjects with MS had a significantly higher level
of vitamin E compared with non-MS subjects (P < 0.01).
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FIGURE 2: The levels of antioxidant enzymes. *Values were significantly different between case and control groups; P < 0.05. CAT: catalase

activity; GPx: glutathione peroxidase; SOD: superoxide dismutase.

The concentrations of coenzyme Q10 and vitamin E were
closely correlated with lipid profiles. The subjects with MS
had a higher level of TG, which may carry the greatest risk
of atherogenicity [23], and the levels of antioxidant vitamins
(such as coenzyme Q10 and vitamin E) may be increased in
triglyceride-rich lipoprotein to provide the lipoprotein lipid
with highly efficient antioxidant protection [30].

A recent report from NAHSIT (2005-2008) found that
the frequency of vegetable and fruit consumption was low
in the Taiwanese population [31]. The dietary results showed
that the subjects with MS had significantly higher fat, satu-
rated fatty acid, unsaturated fatty acid, and vitamin E intakes,
but the vitamin E intake was not significantly different
between the two groups after normalization by fat intake
(Table 1). Vegetable oil is a major dietary source of vitamin E,
and the Taiwanese commonly used vegetable oil (especially
soybean oil) in their cooking method (such as stir frying) [6].
In the present study, we did not assess coenzyme QI10 intake,
but there was a significant correlation between the level of
plasma coenzyme Q10 and fat intake (r = 0.17, P = 0.04).
Meat, fish, nuts, and some oils are the richest nutritional
sources of coenzyme Q10 [32]. As a result, a higher fat intake
might be an another reason why we observed the higher levels
of coenzyme QI0 and vitamin E in the subjects with MS,
and the concentrations were not significantly different after
adjusted for the lipid.

Oxidative stress is thought to play an important role
in the development of MS [8]. In the present study, we
assessed the activities of the major antioxidant enzymes that
are directly involved in the neutralization of reactive oxygen

species (ROS). The subjects with MS had significantly lower
CAT, SOD, and GPx activities (Figure 2), and the subjects
with higher antioxidant enzymes activities were significantly
associated with a reduction in the risk of MS independent of
the levels of coenzyme Q10 and vitamin E (Table 2). Strictly
speaking, MS is a type of metabolic disorder rather than a
disease. Subjects with MS might be under higher oxidative
stress; antioxidant enzymes are the first line of defense against
ROS and may decrease to adjust for higher levels of oxidative
stress [12]. In addition, MS subjects in general were typically
abdominally obese. Obesity is also an oxidative burden that
may lead to the reduction of antioxidant enzymes activities
[33].

There are some limitations of the present study. First, this
study was cross-sectional; therefore, no causal relationship
could be defined. Larger prospective studies are required
to establish the relationship between antioxidant status in
subjects with MS. Second, we did not assess coenzyme Q10
intake because of insufficient data in the nutrients databank.
Further developments in analytical chemistry (HPLC) are
needed to provide the better information about the coenzyme
Q10 content in various foods. Third, we preformed the 24 h
dietary recall to evaluate the nutrients intake in this study;
however, the MS does not derive from a short-term shock.
Further study is needed to clarify the differences of usual
dietary intake between MS and non-MS subjects by long-
term dietary assessment.

In conclusion, the subjects suffering from MS might be
under higher oxidative stress, resulting in low levels of antiox-
idant enzyme activities. A higher level of antioxidant enzymes



activities was significantly associated with a reduction in the
risk of MS independent of the levels of coenzyme Q10 and
vitamin E.
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