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Moore et al2 reported an inverse relationship
between serum Se concentrations and severity of coro-
nary atherosclerosis in patients examined by coronary
angiography. Mihailovic et al3 subsequently reported
that low plasma Se content might be a risk factor for
the development of hypertension and coronary artery
disease (CAD). Yegin et al4 showed a decrease in both
GPx activity and Se levels in erythrocytes that were
associated with an increased severity of CAD.

Lipid hydroperoxides, derived from the oxidation
of lipoprotein particles, have been shown to have sev-
eral adverse actions, including impairing the mem-
brane structure and function, and lipid hydroperoxides
have been shown to be prothrombotic by decreasing
the production of prostacyclin while increasing the
production of thromboxane. GPx may protect against
these pathological processes.5

Introduction

The essential trace mineral selenium (Se) is of fun-
damental importance to human health,1 and it is a
key component of several functional selenoproteins.
The antioxidant enzyme glutathione peroxidase (GPx)
is the best known of these.1

This study investigated the relationship between serum
selenium (Se) and glutathione peroxidase (GPx) levels
and the presence of coronary artery disease (CAD)
among Iranian patients. Three groups were compared:
patients undergoing angiography with angiographically
defined CAD, individuals with a normal angiogram,
and apparently healthy controls with no evidence of
overt CAD. Anthropometric measurements, blood pres-
sure, fasting blood glucose and lipid profiles, serum Se
and GPx measurements, and angiographic assessment
were carried out using standard protocols. Mean
serum Se concentrations were not significantly differ-
ent between patients with and without CAD and the

control group. The mean value of serum GPx in the
control group was significantly higher than in patients
with or without CAD. Selenium status did not differ-
entiate between patients with and without CAD, which
may be related to the fact that angiography is not a very
sensitive index of global atherosclerosis, and it is possi-
ble that patients who were CAD negative by angiogram
still have significant disease. It may also be that Se is
not a good marker of CAD.
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Low blood GPx concentrations have been reported
in subjects following myocardial infarction and in
patients with type 2 diabetes, and it has been sug-
gested that GPx may have a protective role in athero-
genesis.6-8 Furthermore, Altekin et al9 have suggested
that GPx may be a prognostic indicator in patients
with acute coronary syndrome.

In the present study, serum Se and GPx concen-
trations were determined in Iranian patients with or
without CAD (defined angiographically) and com-
pared with a group of subjects without overt CAD.

Materials and Methods

Subjects

The sample groups consisted of patients with angio-
graphically defined CAD ([99 males and 53
females], CAD+), patients who were found to have a
normal angiogram ([31 males and 30 females],
CAD−), and apparently healthy subjects with no evi-
dence of overt CAD ([37 males and 33 females],
control group). The individuals, who were undergo-
ing angiography, were admitted to the catheteriza-
tion ward of the Ghaem Hospital (Mashhad, Iran)
with a possible diagnosis of CAD based on prior car-
diologic examinations, including exercise test, elec-
trocardiogram, or clinical tests. In the CAD+ group,
89 subjects were on drug treatment, including
antidiabetics (n = 20), statins (n = 19), antihyperten-
sives (n = 33), or aspirin (n = 31).

In the CAD− group, 23 subjects were on drug
treatment, including antidiabetics (n = 7), statins
(n = 3), antihypertensives (n = 10), and aspirin (n = 9).
The participants in the control group were not on
any drug treatment.

Anthropometric and Other
Measurements

Anthropometric, blood pressure, fasting blood glu-
cose (FBG), and lipid profiles were determined as
previously described.10

Serum Selenium Analyses

Serum Se levels were determined by electrothermal
atomic absorption spectrometry with Zeeman back-
ground correction using a palladium chloride chem-
ical modifier.11 Typical between-batch precision
(coefficients of variation) was 3.7%.

Glutathione Peroxidase Assay

Serum GPx concentrations were measured using a
modified the method of Paglia and Valentine.12

Briefly, 10 μL of serum, standard (0.1-0.3 U/mL
purified glutathione peroxidase), or water (blank)
was added in quadruplicate to a 96-well plate. A
total of 290 μL of 0.1 M phosphate buffer contain-
ing 5 mmol/L EDTA, 200 μmol/L sodium azide, 1
U/mL glutathione reductase, 0.86 mmol/L NADPH,
2 mmol/L reduced glutathione, and 7.8 μmol/L
t-butyl hydroperoxide was added to each well. The
reagents were mixed and the absorbance at 340 nm
measured continuously for 5 minutes in a 96-well
plate reader. The between-assay coefficient of varia-
tion was typically 4.5%.

Angiographic Assessment

Coronary angiograms were performed using routine
procedures. Analysis of the angiograms was per-
formed offline by a specialist cardiologist. The pres-
ence of 1 or more stenoses ≥50% in diameter of at
least 1 major coronary artery (left main, right coro-
nary artery, left anterior descending, circumflex) was
considered evidence of significant CAD (CAD+).10

According to the number of coronary arteries
involved, the terms single, 2, and 3 vessels were
used.9 Patients in whom stenoses were ≥50% in
diameter were not identified were considered to
have a normal angiogram (CAD−).

Statistical Analysis

Data were analyzed using Minitab (release 13,
Minitab Inc, State College, PA), with descriptive sta-
tistics (mean, median, standard deviation, and
interquartile range) being determined for all vari-
ables. Between-group comparisons of biochemical
parameters were assessed by analysis of variance
(ANOVA). Post hoc tests were used after using 1-way
ANOVA. Nonnormally distributed data, such as
serum triglyceride concentrations, were log trans-
formed before using 1-way ANOVA. Correlations
between parameters were assessed using Pearson cor-
relation coefficients. Nonnormally distributed data,
such as triglyceride concentrations, were log trans-
formed before using the Pearson correlations. In mul-
tiple comparisons, Bonferonni corrections were used.

Analysis of covariance was used to assess differ-
ences after adjustment for important confounding
factors such as age and gender. A P value <.05 was
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considered significant. Criteria of diagnosis of
diabetes and hypertension were based on previous
studies.10

Results

Characteristics of the Sample Group

The mean age, gender distribution, smoking status,
anthropometric findings, averages of blood pressure,
fasting blood glucose, lipid profile, and measures of
adiposity of the subjects of each group are presented
in Table 1.

Variation of Serum Se and GPx in
Patients With and Without CAD and in
the Control Group

The mean values of serum Se concentrations were not
significantly different between patients with or with-
out CAD and the control group (P > .05; Table 1). The
mean value of serum GPx in the control group was

significantly higher than in the patients investigated
angiographically, whether having or not having CAD
(P < .001; Table 1), which remained significant after
adjustment for confounding factors and also while
comparing the control group with patients with (P <
.001; Table 1) or without CAD (P < .001; Table 1).

The mean value of the serum Se/GPx ratio of the
control group was significantly higher than in
patients with or without CAD (P < .01; Table 1),
which remained significant after adjustment for
confounding factors and also while comparing the
control group with patients with (P < .05; Table 1)
or without CAD (P < .05; Table 1).

Univariate Associations Between Indices
of Selenium Status and Coronary Risk
Factors

There were no significant associations between age or
body mass index and indices of selenium status in any
of the groups. FBG concentrations were negatively cor-
related with serum Se in the control group (P < .05).

Table 1. Clinical and Biochemical Characteristics of Patients With and Without CADa

Angiographically Defined Normal Angiographically Control 
CAD (n = 152) (n = 60) (n = 70)

Age (years) 54.7 ± 10.1 52.6 ± 11.1 53.3 ± 10.5
Male/female 99/53 31/30 37/33
Smokers (%) 27.5 18 18.5
Waist circumference (cm) 93.4 ± 10.4b 89.8 ± 14.9c 93.3 ± 15.0
Hip (cm) 94.6 ± 9.5c 93.3 ± 17.2c 96.5 ± 9.8d

Waist/hip ratio 0.98 ± 0.09 0.97 ± 0.11 0.94 ± 0.11
BMI (kg/m2) 26.3 ± 5.2 24.9 ± 4.6b 25.2 ± 2.7
Systolic BP (mm Hg) 12.9 ± 1.8b 12.9 ± 1.9 12.2 ± 1.1d

Diastolic BP (mm Hg) 8.1 ± 1.2e 8.2 ± 1.2e 7.6 ± 0.9f

Fasting blood glucose (mmol/L) 5.9 ± 4.8 4.8 ± 3.7 4.1 ± 1.8
Triglyceride (mmol/L) 1.63 (1.11-1.80) 1.20 (1.95-1.60) 1.60 (1.05-2.02)d

HDL-C (mmol/L) 1.22 ± 0.11 1.18 ± 0.14 1.19 ± 0.15
LDL-C (mmol/L) 3.6 ± 1.2 3.6 ± 0.7 3.6 ± 0.7
Obesity (%; BMI ≥ 30) 23.6 23.3 24
Serum Se (μmol/L) 111.8 ± 39.4 112.3 ± 36.0 104.2 ± 36.4
Serum GPx (U/mL) 0.26 ± 0.04c 0.26 ± 0.03c 0.36 ± 0.06g

Se/GPx 407.9 ± 201.4b 435.3 ± 163.3b 282.2 ± 76.6f

NOTES: CAD = coronary artery disease; Se = selenium; GPx = glutathione peroxidase; BMI = body mass index; BP = blood pressure;
HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; ANOVA = analysis of variance.
aValues are expressed as mean ± standard deviation for normally distributed data and as median and interquartile range for nonnor-
mally distributed data; between-group comparisons were assessed by analysis of variance and χ2 test. Nonnormal distribution data
(serum triglycerides) were logarithmically transformed prior to parametric analysis.
bP < .05 in post hoc Tukey test compared with control group.
cP < .001 in post hoc Tukey test compared with control group.
dP < .05 using ANOVA.
eP < .01 in post hoc Tukey test compared with control group.
fP < .01 using ANOVA.
gP < .001 using ANOVA.
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High-density lipoprotein cholesterol demonstrated a
negative correlation with serum Se in the control
group (P < .05). There was a significant negative cor-
relation between diastolic blood pressure and Se/GPx
ratio in the control group (P < .05; Table 2).

Analysis of Serum Selenium and GPx
Concentrations Based on Different
Severities of CAD

No significant relationship was observed between
serum Se and severity of coronary disease (P > .05;
Table 3); however, serum GPx concentrations of
normal subjects were significantly higher than those
in the other groups (P < .05; Table 2). The compar-
ison between normal, CAD−, and single-vessel, 2-
vessel, and 3-vessel disease demonstrated that the
Se/GPx ratio was significantly higher in the single-
vessel disease group than in the control group.

Discussion

We have found that serum GPx, but not serum Se,
concentrations were significantly lower in patients

suspected of having CAD (and who subsequently
underwent coronary angiography) when compared
with healthy subjects. Our results for serum GPx are
consistent with previous reports,5-8 but our findings
relating to serum Se are not entirely consistent with
previous reports in other populations, which have
found low levels of serum Se in patients with ather-
osclerosis.2-4 However, the evidence from other
case–control and prospective studies for an associa-
tion between Se status and cardiovascular disease
remains controversial.13,14 A recent meta-analysis
and review assessed the relationship between Se and
CAD and suggested that Se is not a good marker of
CAD. Also, according to this review and meta-analysis,
the benefits of Se supplementation for cardiovascu-
lar disease are uncertain, and the indiscriminate use
of Se carries a risk of toxicity, especially in regions
with high selenium intake.15,16

Although Se selenium concentrations were not
significantly different between the groups, there was
a large within-group interindividual variation in their
concentrations. However, serum GPx concentrations
were less variable within groups. We found a signifi-
cantly higher serum GPx concentration among
healthy controls compared with patients undergoing

Table 2. Correlation (r) Between Indices of Serum Selenium Status and Individual Coronary Risk Factorsa

Selenium (μmol/L) GPx (U/ml) Se/GPx

CAD+ CAD− Controls CAD+ CAD− Controls CAD+ CAD− Controls

Age (years) −0.10 −0.05 0.10 0.10 0.17 0.05 0.01 0.27 −0.21
Waist (cm) 0.08 −0.10 0.09 −0.13 −0.17 0.16 0.12 0.26 −0.04
Hip (cm) 0.02 −0.13 0.07 −0.31 −0.65 −0.13 0.01 0.36 0.16
BMI (kg/m2) 0.13 0.04 0.02 0.21 0.29 0.40 −0.08 0.11 0.23
Waist/hip ratio 0.12 −0.05 0.05 0.18 −0.02 0.55 0.73 −0.24 −0.24
SBP (mm Hg) −0.05 −0.20 0.16 0.18 0.19 −0.28 −0.33 −0.11 0.10
DBP (mm Hg) 0.02 0.11 −0.04 0.25 0.01 −0.22 −0.22 −0.29 −0.36b

FBS (mmol/L) 0.06 −0.09 −0.31b 0.16 0.33 −0.26 −0.55 0.38 0.19
LDL-C (mmol/L) 0.15 0.07 0.13 −0.10 0.10 −0.29 −0.07 0.12 −0.23
HDL-C (mmol/L) 0.01 −0.11 0.19 0.26 −0.17 0.81b 0.16 −0.19 0.13
TG (mmol/L) −0.12 −0.12 −0.11 −0.38 0.06 0.34 0.08 0.20 0.01
TC (mmol/L) −0.06 0.14 0.08 −0.03 0.19 0.05 −0.52 0.23 −0.20
Selenium (μmol/L) — — — 0.14 −0.17 −0.41 0.91c 0.98d 0.80c

GPx (U/mL) −0.18 −0.41 0.14 — — — 0.63b −0.76 −0.30
Se/GPx 0.91c 0.98c 0.80c −0.30 −0.63b 0.98b — — —

NOTES: BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; FBS = fasting blood sugar; LDL-C
= low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol; TG = triglyceride; TC = total cholesterol;
Se = selenium; GPx = glutathione peroxidase.
aCorrelations were assessed using Pearson correlation coefficients. Nonnormally distributed data such as triglycerides were log trans-
formed before using the Pearson correlations. CAD+, subjects with angiographically defined coronary artery disease (n = 152); CAD,
subjects with a normal angiogram (n = 60); control (n = 70).
bP < .05.
cP < .01.
dP < .001.
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angiography, irrespective of whether they were found
to be CAD+ or CAD−. We have previously found that
lipid-lowering therapy did not affect serum Se or GPx
concentrations,17 and therefore, this is not likely to
be a source of confounding in our study. In this pres-
ent study, we found a weak negative correlation
between serum GPx and high-density lipoprotein
cholesterol in the control group alone, and in this
group, there was also a weak negative association
between FBG levels and serum Se concentrations. In
the study by Ghayour-Mobarhan et al, 17 toenail Se
was found to be inversely associated with the risk of
subsequent diabetes, possibly explained by the
effects of Se compounds on insulin activity.

In our study, a weak, though significant, inverse
relationship between Se/GPx and diastolic blood
pressure was found in the control group, and there
are several previous studies reporting an association
between serum Se concentrations and hyperten-
sion.17 It is possible that GPx is acting to preserve
nitric oxide bioactivity within the artery wall. The
weak relationship between serum Se and serum GPx
(Table 2) suggests that GPx is not the principal form
of Se in serum and that these other forms of Se may
not be as active in maintaining vascular health.

Conclusions

Serum Se was found to be very variable within the
population in this study, and significant differences
were found between patients with suspected CAD
and those without symptomatic CAD.

Serum Se did not differentiate between patients
with angiographically defined CAD and those with-
out. However, angiography is not a very sensitive
index of global atherosclerosis, and it is possible that
patients who were determined to be CAD− by
angiogram may nevertheless still have significant

coronary disease. The fact that Se status was com-
parable in patients who were CAD+ and CAD− may
explain this fact. There were some weak associations
between indices of Se status and some coronary risk
factors in the control group.
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