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Abstract The essential trace elements play important roles in the maintainance of the
normal structure and physiology of cells. Several research groups have demonstrated that
they also play important roles in states of cardiovascular diseases. Our aim is to investigate
whether there is a relationship between trace elements (Zn and Cu) and the degree of
atherosclerosis. The sample consisted of 67 patients with coronary artery disease and 26
clinically healthy individuals. Ninety-three subjects were separated into four groups
according to their Gensini scores, the number of diseased vessels, the presence of acute
coronary syndrome, and ejection fraction. Each group was divided into three subgroups,
and serum zinc and copper levels were measured for each individual. The serum levels of
zinc and copper were found to be significantly lower in patients with atherosclerosis than in
the control group, but there were no significant differences in the serum levels of Cu and Zn
between severe atherosclerosis and mild atherosclerosis. In Spearman’s rank correlation, the
zinc and copper levels were correlated with the Gensini score and the number of diseased
vessels. The present study revealed a relationship between the serum levels of zinc and
copper and atherosclerosis, but not between these levels and the severity of the disease.
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Introduction

Trace element status and cardiovascular disease may be associated directly, through a direct
effect on the vascular system, or indirectly through lipoprotein metabolism. Investigators
suggest that a decreased serum zinc (Zn) and copper (Cu) concentration may increase the
risk of cardiovascular disease [1, 2].
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The essential elements Zn and Cu act as microsources in biochemical reactions. Zn
is involved in many biological processes, including enzyme action, regulation of gene
expression, and cell signaling [3]. Zn deficiency is associated with susceptibility to
oxidative stress, endothelial cell apoptosis, and atherogenesis [2]. Atherosclerosis is
associated with lipid and protein peroxidation, caused by free oxygen radical
generation, resulting in mechanical and bioenergetic incompatibilities [4—8]. Antiox-
idants have therefore been implicated as playing a preventive role in the atherosclerotic
process.

Many studies are reported in the literature on the relationship between Zn and Cu levels
and coronary atherosclerosis itself, but none measured any relationship with its severity. In
this study, we aimed to investigate whether a relationship exists between serum levels of Zn
and Cu and the severity of atherosclerosis, measured by using Gensini scores.

Materials and Methods
Patients and Controls

The study was conducted in the Department of Clinical Cardiology, University of Dicle. It
was approved by the Ethical Committee on Human Research, and all participants gave an
informed consent. There were 67 individuals of the patient group, with both sexes
represented (49 males, 24 females). Each suffered from coronary artery disease (CAD) and
had been admitted for diagnostic coronary angiography or angioplasty for typical
indications, including evaluation of stable exertional angina or unstable angina pectoris.

Exclusion criteria were clinically significant valvular heart disease and significant left
ventricular systolic dysfunction. None of the participants suffered from Zn and Cu deficiency
caused by malabsorption (due to, for example, Crohn’s disease, persistent diarrhea, short bowel
syndrome, celiac sprue, or intestinal bypass surgery), increased loss (due to, for example,
alcoholism), or increased needs (due to, for example, pregnancy) [3, 9].

The control group consisted of 26 clinically healthy (group 1: control group according to
Gensini scoring, group A: control group according to the number of diseased vessels, group
I: control group according to the presence of acute coronary syndrome, group o: control
group according to ejection fraction), nonvegetarian individuals. None had plaque in the
carotid artery as assessed by ultrasound, and none reported a history of cardiac therapy or
diseases of the liver, kidney, or thyroid disease.

Coronary Angiography and Severity of Coronary Atherosclerosis

Coronary angiography was performed by the Judkins technique through femoral artery
access and the angiograms evaluated by two interventional cardiologists who were
blinded to the study plan and to each other. A thorough review of each index coronary
angiogram established lesion location and percentage of stenosis among all the coronary
lesions. CAD was defined as >50% luminal diameter stenosis of at least one major
epicardial coronary artery and categorized to one vessel (group B), two or more vessel
disease (group C) [10].

The Gensini scoring system was used to determine the severity of coronary artery
disease [11]. This method defines narrowing of the lumen of the coronary arteries as 1 for
1-25% stenosis, 2 for 26-50%, 4 for 51-75%, 8 for 76-90%, 16 for 91-99%, and 32 for
total occlusion. The score is then multiplied by a factor representing the importance of the
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lesion’s location in the coronary artery system. For the location scores, 5 points were given
for left main lesion; 2.5 for proximal left anterior descending (LAD) or left circumflex
(LCX) artery; 1.5 for the mid-segment LAD and LCX; 1 for the distal segment of LAD and
LCX, first diagonal branch, first obtuse marginal branch, right coronary artery, posterior
descending artery, and intermediate artery; and 0.5 for the second diagonal and second
obtuse marginal branches. The patients were divided into two groups according to Gensini
scoring: those with mild (n=24; Gensini score, 1-20; mild atherosclerosis, group 2) and
severe atherosclerosis (n, 49; Gensini score, >20; severe atherosclerosis, group 3) [12].

Additionally, the patients were separated into two groups according to the presence of
acute coronary syndrome: a stable angina group (n=34; group II) and an acute coronary
syndrome group (n=33; group III).

Echocardiography

A GE Vivid S5 unit with a 3.5-MHz probe was used to perform the two-dimensional
echocardiography. Global left ventricular (LV) systolic function was assessed by calculating
the ejection fraction (EF), measured by determining LV volumes from apical four- and two-
chamber views, using a modified Simpson’s method. The patients were divided into two
groups according to ejection fraction: those with low (n=24; EF<45%; group 3) and high
(n=43; EF>45%,; group ) ejection fraction.

Biochemical Evaluation

Assay kits (Boehringer Mannheim, Germany) were used to make direct measurements of
total cholesterol (TC) and total triglycerides (TG). High-density lipoprotein cholesterol
(HDL) was determined after precipitation of very low-density lipoprotein and low-density
lipoprotein cholesterol (LDL) using sodium phosphotungstate-Mg. LDL concentrations
were calculated by the Friedewald [13] formula.

Zn and Cu levels were measured by Shimadzu 6401S atomic absorption/emission
spectrometer. The acetylene flow rate and the burner height were adjusted to obtain the
maximum absorbance signal with a slit of 0.5 nm, at wavelengths of 213.9 nm for Zn and
324.8 nm for Cu. The radiation sources were hollow cathode lamps (Shimadzu, Japan). The
operating conditions were those recommended by the manufacturer (Operation Manual,
Atomic Absorption Spectrometer AA-6800, Shimadzu, 2000). The blood samples were
kept at —80°C until analysis.

Statistical Analyses

Data were analyzed using the SPSS-15 software. Baseline demographic and laboratory data
are presented for continuous variables as mean+SD and for discrete variables as
frequencies. The mean difference between groups and Cu, Zn levels was analyzed using
a one-way ANOVA. Relationships between levels of Zn—Cu and clinical, biochemical, and
echocardiographic parameters were evaluated by Spearman’s rank correlation coefficients.
P<0.05 was considered statistically significant.

Results

Baseline clinical characteristics and lipid parameters of the patients are described in Table 1.
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Grouping According to Gensini Scoring: Patients’ Characteristics

We found no significant differences in gender, age, smoking habits, occurrence of diabetes
mellitus (DM) and hypertension (HT), serum TC, LDL, HDL, and TG or blood glucose
levels between the three groups. The patients in group 2 and 3 had suffered more
significantly from previous myocardial infarction than group 1. Similarly, there was a
higher incidence of coronary artery disease in group 3 than group 1 (Table 1).

Grouping According to the Number of Diseased Vessels: Patients’ Characteristics

Among the groups, there were no significant differences in gender, smoking habits,
occurrence of DM and HT, serum level of TC, LDL, HDL, and TG or blood glucose levels.
Significantly, more individuals from groups B and C had suffered previous myocardial
infarction than individuals of group A, and individuals of Group C reported significantly
higher incidence of coronary disease in the family than those of group A, who were also
significantly younger (Table 1).

Grouping According to the Presence of Acute Coronary Syndrome: Characteristics of Patients

As shown in Table 1, there were no significant differences in gender, smoking habits, family
history, occurrence of DM and HT, serum level of TC, LDL, and TG or blood glucose
between the groups. However, significantly more individuals of groups II and I1I had suffered
previous myocardial infarction than individuals of group I, and age and HDL in individuals
of group III were significantly higher than in individuals of groups I and II (Table 1).

Grouping According to Ejection Fraction: Characteristics of Patients

Similar to other results, we found no significant differences in gender, age, smoking habits,
occurrence of DM and HT, serum level of TC, LDL, and TG or blood glucose among all
groups. Significantly, more individuals of groups 3 and y had suffered previous myocardial
infarction than individuals of group «, and individuals of group 3 reported significantly
higher incidence of coronary disease in the family than those of group o (Table 1).

Blood Zn and Cu Levels in All Groups

The main results are summarized in Tables 2 and 3. The serum levels of Cu and Zn in group
2, B, 11, and {3 were significantly lower than the control groups (p<0.01; p<0.01; p<0.01;
p<0.01, respectively). The serum levels of Cu and Zn Group 3, C, III, and y were
significantly lower than the control groups (p<0.01; p<0.01; p<0.01; p<0.01, respective-
ly). There were no significant differences in serum levels of Cu and Zn between groups 2
and 3, B and C, and II and III. For members of groups (3 and group 7y (Table 2), Cu and Zn
values were correlated with Gensini scoring and the number of diseased vessels (Table 3),
but not with EF or the presence of acute coronary syndrome.

Discussion

Oxidation is an important pathway in the pathogenesis of CAD through oxidation of LDL
and free radical formation [14]. Oxidized LDL facilitates the evolution of early arterial wall
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Table 3 Correlation between

zinc—copper in serum, Gensini Gensini score The number of diseased
score, and the number of diseased vessels
vessels
Cu r=—0.359 r=—0.364
»=0.001 p<0.001
Zn r=—0.478 r=—0.433
Values are expressed as Spearman p<0.001 p<0.001

rank correlation coefficients

lesions into atherosclerotic plaques by promoting the formation of foam cells from
macrophages as well as the recruitment and retention of monocytes in the arterial wall [15].
Zn and Cu are essential micronutrients for enzymes that catalyze oxidation—reduction
reactions [16].

We aimed to determine the relationship between serum levels of Zn and Cu and severity
of the coronary atherosclerosis. In our study, we have detected lower serum levels of zinc
and copper approximately 25% in patients with atherosclerosis than the control group.
These findings suggest that low levels of this elements may play a role in atherosclerotic
process, but it may also a result of atherosclerosis, but this association could not be
correlated with the severity of the atherosclerosis, the presence of acute coronary syndrome,
or EF values.

Many studies have found that serum Zn levels are significantly lower in patients with
coronary disease than in healthy subjects [17, 18]. The literature is, however, controversial
about the relationship between serum Cu levels and CAD [18-20]. One study has been
found that diabetic patients with serum Zn concentration <14.1 pumol/l at baseline had a
higher risk of death from CAD than >14.1 pumol/l (20.8% and 12.8%, respectively; p=
0.001) [21]. Oster et al. [22] in a small study found that serum Zn and Cu levels were
significantly lower in patients with multiple CAD than in healthy subjects. Klevay [19] had
proposed that Cu deficiency, rather than excess, is a risk factor for CAD and summarized its
effects on various risk factors, including cholesterol level, blood pressure, glucose
tolerance, and electrocardiographic abnormalities. Patients were not grouped according to
the severity of atherosclerosis in any study abovementioned. Aortic occlusive disease and
abdominal aortic aneurysm were compared only in one study but the control group was not.
Patients with aortic occlusive disease had significantly lower serum levels of Cu than those
with abdominal aortic aneurysm [23].

Ford [18] investigated mortality rates in patients with CAD and serum Cu levels. Any
correlation between Cu levels and cardiovascular and total mortality were not found.
Comparison of Cu levels and patients’ characteristics showed positive correlations between
Cu levels and cholesterol, blood pressure, age, and BMI. Serum Cu levels were heightened
in the presence of DM and in smokers. The surviving individuals were not separated into
groups according to the presence or absence of CAD.

Elevated Cu concentrations may be related to CAD in at least two ways. Copper
oxidizes LDL which increases its atherogenicity [24], and it may be a risk marker for
inflammation, rather than a direct risk factor for CAD and may actually be involved in the
pathogenesis of atherosclerosis [25].

In a study performed in patients with acute coronary syndrome, by Altekin et al. [26], a
relationship between cardiac markers and trace elements was found. A positive correlation
between serum Cu levels with elevated troponin T, troponin I, and CK-MB values (>0.9,
>1.0, and >30 ng/ml, respectively) and a negative correlation between troponin T and Zn
were found. The same results were declared by Cikim et al. [27] in patients with acute

@ Springer



Zn and Cu and Severity of Coronary Atherosclerosis 443

coronary syndrome. Neither of these studies included stable coronary artery disease. In our
study, serum Zn and Cu levels in patients with acute coronary syndrome were lower than in
the control group. However, serum Zn and Cu levels in patients with stable coronary artery
disease and acute coronary syndrome were similar.

Shokrzadeh et al. [28] determined the levels of Zn and Cu in 30 patients with ischemic
cardiomyopathy diagnosed with coronary angiography. They found higher serum Cu levels
in the patient groups than in the healthy subjects, but Zn levels were not. Higher serum Cu
levels and lower serum Zn levels were detected in class III New York Heart Association
(NYHA) patients than in class II. In another study, serum Cu, Zn, and Fe levels were
determined in patients with dilated cardiomyopathy [29]. While Cu and Zn levels were
consistent with the NYHA classification, there was a strong correlation between increased
serum Cu levels and EF and the cardiac index. Oster et al. [22], however, found the same
negative correlation between EF and serum Cu levels but not serum Zn levels. In our study,
serum Zn and Cu levels were lower in ischemic patients with EF under 45% than control
group, although no correlation was found between EF values and serum Zn and Cu levels.
A comparison of Zn vs. Cu levels between patients with EF<45% and those with EF>45%
showed no significant difference.

The serum Cu concentration may not reflect actual Cu status accurately [30]. It can be
determined in several ways: serum or plasma Cu, ceruloplasmin, and tissue or organ Cu
[31]. However, Oster et al. [22] found no association between concentrations of Zn and Cu
in serum and the corresponding concentrations in heart tissue. Because of the ease of
procedure, we measured concentrations of Zn and Cu in serum.

Enrolling the small number of patients to the study may be our study’s limitation, but in
fact the studies performed about this subject in the literature were smaller than our study
until now.

Conclusion
Our study confirmed the basic relationship between serum Zn and Cu levels and
atherosclerosis, but did not reveal an association between Zn and Cu levels and severity

of atherosclerosis. Hence, further and more comprehensive studies are needed to prove this
relationship between these elements levels and the severity of atherosclerosis.
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