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Abstract
Introduction: We previously highlighted the potential link between supplementation with selenium, as an antioxidant trace element, and changes in the
levels of paraoxonase (POX1) and myeloperoxidase (MPO), as an antioxidant
enzyme, in patients with documented cardiovascular disease (CVD). The aim
of this study was to determine the effects of selenium supplementation on
POX1 and MPO activity in patients with cardiovascular diseases (CVDs).
Material and methods: A total of 160 eligible patients were enrolled in the
study. After performing some laboratory tests, including the measurement
of blood selenium, triglyceride, cholesterol, and low- and high-density lipoprotein levels, the patients received 200 mg tablets of either selenium yeast
or placebo. The medicines were taken orally, once daily after a meal for
60 days. Four weeks after the initial visit, the patients were invited for a follow-up visit, and interviews and non-laboratory evaluations, similar to those
performed at baseline, were repeated. Compliance of patients for using selenium and placebo was measured by telephone. Medication compliance rates
were monitored by telephone. The final assessments were conducted eight
weeks after the beginning of the study.
Results: There was no significant difference in cholesterol levels between intervention and control groups (p = 0.87). No significant changes in selenium
levels were observed in either the selenium or the placebo group after the
intervention (p = 0.44 and p = 0.48, respectively). The two groups had a significant difference in terms of POX1 level (p = 0.039). No such difference
was present in the case of MPO levels. Moreover, comparison of the values
before and after the intervention showed no significant differences in the
mean levels of any of the measured parameters.
Conclusions: According to the obtained results, the increased POX1 levels
after selenium supplementation could be attributed to the positive effect of
selenium on inhibiting lipid peroxidation as part of the complicated pathophysiology of CVD.
Key words: selenium, cardiovascular disease, myeloperoxidase,
paraoxonase-1.
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Introduction
Cardiovascular disease (CVD) is considered
as the second cause of morbidity and mortality
in the developed and developing countries [1, 2].
Previous studies revealed the main role of oxidative stress in the incidence of CVD. So, it seems
that antioxidants could take part in prevention of
CVD. Selenium is a rare trace element whose deficiency may exert adverse health effects. However,
there is still controversy over the exact effects of
selenium deficiency on health, particularly in relation to cardiovascular diseases (CVDs) [3]. Despite
the significant role of selenium in preventing certain diseases, a previous study indicated that the
average level of selenium in soil in Iran (0.23 ppm)
is below the worldwide average (0.40 ppm) [4].
Paraoxonase (POX1) has been found to possess
some anti-inflammatory, anti-oxidative, anti-atherogenic, anti-diabetic, anti-microbial, and organophosphate-hydrolyzing properties [5]. Moreover,
POX1 is known to function as both a lactonase and
an arylesterase [6, 7].
Myeloperoxidase (MPO) is another key leukocyte-derived enzyme that catalyzes the formation of a number of reactive oxygen species [8].
MPO-catalyzed reactions have been attributed
to potentially proatherogenic biological activities
throughout the evolution of CVDs, i.e. through
the beginning, circulation, and acute complication phases of the atherosclerotic process [9].
As a result, MPO and its downstream inflammatory pathways serve as special targets for both
prognostication and therapeutic interventions in
the prophylaxis of atherosclerotic CVD [10, 11].
Recently, a potential link has been established
between supplementation with selenium, as an
antioxidant trace element, and changes in the levels of POX1 and MPO, as antioxidant enzymes in
patients with documented CVD. The aim of this
study was to determine the effects of selenium
supplementation on POX1 and MPO activity in patients with CVD.

Material and methods
Study design and settings
This was a single-center, double-blind, placebo-controlled, randomized clinical trial. All participants had coronary artery disease according
to angiographic findings. In total, 160 eligible patients were consecutively enrolled in this study.
The subjects were referred to our research institute from referral heart hospitals in Isfahan, Iran.
The trial was approved by the Isfahan University
of Medical Sciences and Research Ethics Committee and conforms to the standards currently
applied by the Iranian Registry of Clinical Trials
(ID: IRCT10252) [12].

Inclusion criteria
Individuals aged between 30 and 65 years who
had lived in Isfahan province for more than 5 years
were recruited if angiographic findings confirmed
stenosis of over 75% in one, two, or three vessels.

Exclusion criteria
The patients were excluded if they were under
medical prescription of vitamins or supplements.

Data collection
The initial interviews and tests included
a questionnaire to collect demographic data,
medical history, physical activity, smoking habits, anthropometric measurements, and detailed
information for a nutritional profile, including dietary selenium intake and biochemical laboratory
measurements. Information on food consumption
was assessed with a food frequency questionnaire
(FFQ). A short, non-quantitative FFQ with 73 items
(representing the main food groups) was used to
estimate the number of weekly portions of the selected food groups. We did not collect data on portion sizes of food items, as previous studies have
shown that data on portion sizes have a negligible
contribution to between-person variations in dietary intakes [13].

Intervention
The patients received either 200 mg selenium yeast tablets or placebo tablets. They were
instructed to take the tablets after a meal once
daily for 60 days. The placebo tablets had the
same color, form, and texture as the selenium
tablets. At each visit, the patients in both groups
received the number of tablets needed to be taken until the next scheduled appointment. If, for
any reason, a treatment interruption occurred,
the treatment duration was to be extended until
the volunteer had taken 60 tablets. The Nature
Company provided selenium yeast in the commercial form. Amin Pharmaceutical Company
produced the placebo tablets. All adverse events
were recorded [14].

Follow-up
The participants received follow-up phone
calls and briefly asked about the occurrence of
any adverse events every 2 weeks. Four weeks
after the initial visit, they were invited to visit
Isfahan Cardiac Rehabilitation Research Center where interviews and non-laboratory evaluations similar to those performed at baseline
were conducted. Moreover, all evaluations, including blood tests, were repeated 8 weeks after
the baseline visit.
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Randomization
A total of 130 individuals were randomly allocated to two groups at a 1 : 1 ratio. The placebo
tablets, which looked similar to selenium tablets,
were provided by a pharmacist. The tablets were
packaged by pharmaceutical companies in the
same numerical packages and were recognized
with four different codes. Both the executives and
interviewers were unaware of the coding. The latter decided which set of participants would form
the placebo group and which would be the intervention group by flipping a coin. As the volunteers
were recruited by the medical staff, they were assigned a number that sequentially corresponded
to a treatment box. In this way, a strategy of numbered boxes was used for sequence concealment.

Blinding
All patients, interviewers, and staff involved in
outcome assessment were blinded to treatment.
The blinding was conducted using the described
strategy of allocation concealment by numbered
boxes. In brief, numbers were assigned to volunteers’ treatments, but only one pharmacist, who
was not involved in the tasks, was aware of the
content of each numbered box.
Compliance of patients for using selenium and
placebo was measured by telephone every week
and all subjects who stopped using their selenium
or placebo were excluded from the study.
Determination of POX1 and MPO activity: POX1
activity was measured with phenyl acetate as the
substrate [14]. The assay tube contained 1000 μl of
0.1 mol/l Tris-HCl (pH 8.5), 2 mmol/l CaCl2, 2 mmol/l
phenyl acetate, and 3.5 μl of serum. The absorbance was continuously monitored at 270 nm for
2 min. POX1 activity was expressed as millimoles of
phenyl acetate hydrolyzed per minute [15].
MPO activity was measured with 3,3’,5,5’-tetramethylbenzidine (TMB, Sigma) as the substrate. Briefly, 50 μl samples were combined with
240 ml of 0.75 mM H2O2 (Sigma) and 50 ml of
TMB solution (2.9 mM TMB in 14.5% DMSO and
150 mM sodium phosphate buffer) at pH 5.4.
The absorbance was continuously monitored at
450 nm for 1 min. MPO activity was expressed as
millimoles of TMB oxidized per minute [16].

Outcomes
The mean serum levels of POX1 and MPO in
the target groups were compared before and after
the trial.

Stopping rules
In both groups, all important harmful or unintended effects, such as nausea, vomiting, nail
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changes, loss of energy, and irritability, were considered as the stopping rules.

Ethics
The study protocol was explained to all patients and they were recruited only if they provided informed consent. The symptoms and harmful
effects of the selenium supplementation were
also described to all participants before the end
of the study.

Statistical analysis
All examination results were recorded and
stored in digital media for further analysis using
Epi Info. Quantitative data were expressed as
mean ± standard deviation (SD). The normal distribution of data was assessed using the Kolmogorov-Smirnov test. Differences between the placebo and control groups were evaluated through
t-tests (two tailed). Between-group differences
of data departing from normal distribution were
analyzed with the Mann-Whitney U-test. Categorical variables were presented as frequency counts
and compared by a c2 test. P-values less than 0.05
were considered statistically significant. All statistical analyses were performed using SPSS 17.0
(SPSS Inc., Chicago, IL, USA).

Results
While 160 patients were initially selected, 145
individuals entered the study and data from 130
participants were ultimately analyzed as 15 subjects were lost to follow-up. Table I presents the
demographic characteristics and biochemical,
blood pressure, and anthropometric measurements in the placebo and selenium groups. There
was no significant difference in cholesterol levels
between the two groups. The mean triglyceride
levels in the placebo and selenium groups were
163.2 ±97.8 and 159.0 ±71.8 mg/dl, respectively
(p < 0.87). The mean low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C) levels were lower in the placebo
group than in the Se group (92.7 ±36.0 vs. 82.6
±46.2; p = 0.44 and 40.4 ±8.69 vs. 42.3 ±12.1;
p = 0.56, respectively). The mean fasting blood
sugar (FBS) levels in the placebo and selenium
groups were 110.7 ±34.1 and 106.9 ±27.1 mg/
dl, respectively (p < 0.001). The mean body mass
index (BMI) was 28.1 ±4.18 kg/m2 in the placebo
group and 26.9 ±2.27 kg/m2 in the selenium group
(p = 0.22). The mean waist-to-hip ratio (WHR) was
higher in the placebo group than in the selenium group, but this difference was not significant
(101.8 ±11.2 vs. 100.1 ±6.87; p = 0.73).
Nutritional habits were assessed and the mean
red meat and egg consumption was higher in the
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Table I. Baseline and clinical characteristics and lifestyle habits of participants
Variable

Placebo
(N = 21)

Selenium
(N = 25)

P-value

Women, n (%)

5 (23.8)

3 (12.0)

0.29

Age

57.8 ±7.18

55.2 ±7.12

0.23

Systolic blood pressure [mm Hg]

133.6 ±17.2

131.9 ±18.9

0.75

Diastolic blood pressure [mm Hg]

80.1 ±11.4

82.0 ±7.79

0.52

Total cholesterol [mg/dl]

165.7 ±45.1

163.1 ±48.9

0.86

Triglyceride [mg/dl]

163.2 ±97.8

159.0 ±71.8

0.87

HDL cholesterol [mg/dl]

40.4 ±8.69

42.3 ±12.1

0.56

LDL cholesterol [mg/dl]

92.7 ±36.0

82.6 ±46.2

0.44

Fasting blood sugar [mg/dl]

110.7 ±34.1

106.9 ±27.1

0.68

BMI [kg/m2]

28.1 ±4.18

26.9 ±2.27

0.22

Waist circumference

101.8 ±11.2

100.1 ±6.87

0.26

Waist-to-hip ratio

0.98 ±0.08

0.97 ±0.05

0.73

18 (85.7)

24 (96.0)

0.22

Red meat intake (times/week)

8.52 ±6.26

7.47 ±2.87

0.45

Fats

1.60 ±2.45

1.35 ±2.32

0.86

Fruit and vegetables

14.9 ±7.22

15.6 ±6.71

0.96

Nuts

3.32 ±3.42

3.83 ±3.70

0.64

Beans

1.52 ±0.67

2.06 ±1.06

0.05

Cereals

20.6 ±8.08

21.9 ±6.03

0.51

Dairy products

13.5 ±5.61

14.4 ±5.27

0.61

Smoking, n (%)

2 (9.5)

2 (8.0)

0.85

Physical activity, n (%)

8 (38.1)

5 (20.0)

0.30

Residency, n (%):
Urban

Values are mean ± SD unless otherwise stated.

placebo group than in the selenium group (8.52
±6.26 vs. 7.47 ±2.87; p = 0.45). The mean nut consumption was 3.32 ±3.42 in the placebo group
and 15.6 ±6.71 in the selenium group (p = 0.64).
Table II displays the selenium, MPO, and POX1
levels in the two groups before and after the study.
After the intervention, no significant change in selenium levels was observed in either the Se or the
placebo group (p = 0.44 and p = 0.48, respectively). The percentage changes was –0.07 ±0.29. The
intervention and placebo groups had a significant
difference in terms of POX1 levels (70.6 ±21.9 vs.
84.6 ±24.7; p = 0.039). However, no significant
differences in the mean levels of other measured
parameters were seen after the intervention.

Discussion
To the best of our knowledge this double-bind
randomized clinical trial for the first time evaluat-

ed the role of selenium supplementation in the level of MPO and POX1 in the subjects with metabolic
syndrome and a history of CVD. Our main finding is
a significant increment in the POX1 levels.
The relations between selenium intake and
POX1 and MPO levels are vague and insufficiently
discussed. To the best of our knowledge, although
several studies have investigated the effect of selenium supplementation on cardiovascular risk
factors, this study is the first to examine the effects of selenium supplementation on POX1 and
MPO in patients with CVDs. Since POX1 activity
decreases in CVDs, hypercholesterolemia, and diabetes, oxidative stress seems to play an essential
role in the pathology of these diseases [17].
The results of this study showed a significant
difference in POX1 levels between patients receiving selenium and placebo (70.6 ±21.9 vs. 84.6
±24.7; p = 0.039). These results confirmed that
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0.41
0.18 ±0.48
*Paired t-test, †all values are mean ± SD, P shows changes between selenium and placebo groups after the intervention using the Mann-Whitney test.

0.22
78.5 ±28.9
73.4 ±30.9
0.29 ±0.52
0.039
84.6 ±24.7
70.6 ±21.9
POX1 [pmol/l]

‡

0.80
0.54 ±1.03
0.37
7.39 ±4.22
6.39 ±3.09
0.74 ±1.33
0.15
4.97 ±1.93
MPO [pmol/l]

6.18 ±3.50

0.17 ±0.54
0.93
1.34 ±0.39
1.25 ±0.34
–0.07 ±0.29
0.44
1.29 ±0.41
1.40 ±0.24

After
Before

Serum selenium [µmol/l]

P-value *
After
P-value*

Changes

Before

Placebo
Selenium
Variables

Table II. Effects of selenium supplementation on myeloperoxidase (MPO) and POX1 expression in mRNA and protein levels in study participants

Changes (%)

0.48

P-value‡
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selenium supplementation could increase POX1
activity in CVD patients, i.e. selenium can serve as
a potent antiatherogenic factor in atherosclerosis.
It seems that selenium supplementation could
affect the level of POX1 levels and increase it,
which could be affected by various factors, such
as micronutrient dietary intake. Our results of the
baseline analysis showed no significant difference
between intakes of not only nutritional selenium
but also other macro- and micronutrients. In addition, our patients has good compliance, as all
subjects who did not use selenium for any reason
were excluded from the study. However, in this
study we did not assess genetic variation in the
genome.
POX1 and PON3 prevent the formation of oxidized-LDL, which is the form of LDL present in
foam cells of an atheromatous plaque. Because of
their known association with HDL and their effect
on oxidized-LDL, POX1 and PON3 are believed to
lower the risk of coronary artery disease [18].
The mean levels of MPO and all other parameters did not change significantly after the intervention. MPO may play a role in thermogenesis in
humans. Individuals with total or subtotal MPO
deficiency, a defect with a frequency of ≈ 1 in every 2000 to 4000 whites, appear less likely to develop CVDs [19].
Furthermore, individuals harboring a promoter
polymorphism associated with a reported twofold reduction in MPO expression appear cardioprotected with markedly reduced angiographic
evidence of coronary artery disease, nonfatal
myocardial infarction, and cardiac death [9]. Increasing systemic levels of MPO have also been
demonstrated to predict the presence of angiographic coronary artery disease [10]. Individuals
who possess MPO levels in the fourth quartile
among sequential subjects undergoing diagnostic
cardiac catheterization at a tertiary referral center
were 15–20-fold more likely to demonstrate abnormal coronary angiograms (defined as > 50%
stenosis in one or more major coronary arteries)
compared with subjects in the lowest quartile.
This relationship remained significant after statistical adjustments for Framingham risk score and
C-reactive protein. In addition, plasma and serum
levels of MPO have been shown to predict risks of
subsequent major adverse cardiac events (nonfatal myocardial infarction, death, and need for revascularization) in patients presenting with either
chest pain or acute coronary syndromes [20–23].
Numerous biochemical and genetic studies in humans have demonstrated strong and independent
relationships between MPO and CVD risks.
According to previous research, there is a rise
in the levels of circulating markers of free radical-induced impairment and a reduction in antioxidant defense levels in CVD [24–26]. Depletion

Arch Med Sci Atheroscler Dis 2018

Effects of selenium supplementation on paraoxonase-1 and myeloperoxidase activity in subjects with cardiovascular disease:
the Selenegene study, a double-blind randomized controlled trial

of the antioxidative defense system can lead to
an increase in the generation of reactive oxygen
species (ROS) [27]. The increased oxidative status in CVD patients and subsequent inactivation
of POX1, together with low POX1 expression,
could serve as major factors responsible for the
reduced POX1 activity in CVDs. Considering the involvement of oxidative stress in the development
of diabetes and also POX1 activity/inactivation,
the administration of antioxidants might protect
POX1 inactivation caused by ROS and thus ameliorate diabetes [28–31].
Ghaffari et al. observed that vitamin E and selenium supplementation had hypolipidemic, hypoglycemic, and antioxidative effects in diabetic rats.
It could also slow down the progression of diabetic complications through its protective effect on
POX1 activity and lipoprotein oxidation [32].
Another study by Strunz et al. indicated that
15 days of Brazil nut consumption significantly
increased plasma selenium levels but did not alter
serum lipid profile, e.g. HDL, LDL-C, triacylglycerol,
apolipoprotein A-I, or apolipoprotein B concentrations, HDL particle diameter, and the activity of
antioxidative POX1 [33]. However, there is still
controversy over the effectiveness of selenium
administration in the prevention of CVD development. Therefore, it seems that despite the published results, further studies are required to elucidate the contribution of oxidative stress to CVD
development and the function and role of vitamin
antioxidants in cases where ROS and its consequent oxidative damage should be considered in
the dietary or nutraceutical management of CVD.
Serum selenium levels are closely related to the
living area. Although Iran is located in a low-selenium area of the world [34], we did not find
any significant differences in the patients’ serum
selenium levels after supplementation. Oral supplementation with micronutrients is simple and
has been widely employed. In many countries, including the US and France, selenium is considered
a supplement rather than a medicine. 100 µg daily selenium intake has been recommended by the
Brazilian Agency of Sanitary Inspection [35, 36].
If the treatment in this trial turns out to be
beneficial, it could be a new and affordable treatment strategy for CVD. After the intervention, the
POX1 levels increased slightly, but significantly,
in the selenium group compared to the placebo
group. So our findings showed that 8 weeks of
supplementation with selenium yeast (200 mg selenium/day) caused significant changes in POX1
compared to the placebo group.
The small sample size and the number of participants lost to follow-up constituted the major
limitations of this study. In addition, we strongly
suggest evaluating the level of MPO and POX1 at
the genome level.

In conclusion, our findings suggested that the increased levels of POX1 after selenium supplementation could be attributed to the positive effects of
selenium on inhibiting lipid peroxidation (as part of
the complicated pathophysiology of CVDs). Therefore, selenium supplementation may play a therapeutic role in CVDs. However, more research with
larger sample sizes is required in this field.
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