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Abstract 
Introduction: Previous studies suggest a protective role of the essential trace elements against cardiovascular 

disease, whereas wistful epidemiological data remains controversial. We aimed to investigate the alteration in 

concentration of zinc (Zn) and copper (Cu) in patients presented with coronary artery disease. 

Materials and Methods: In this case control study 100 normal healthy controls and 100 patients diagnosed with 

acute coronary artery diseases were enrolled. Serum copper and serum zinc concentration were measured in both 

the groups.  

Results and Observations: Serum copper concentration was significantly higher in patient of acute coronary 

artery disease (141.0±15.2) compared to controls (97.0±10.8). Serum zinc concentration was significantly lower in 

patient of acute coronary artery disease (70.0±8.8) compared to controls (100.0±13.2). And the ratio of serum Cu: 

Zn almost double in patient of acute coronary artery disease patients compared to normal healthy individuals. 

Conclusion: From the present study, it is concluded that decreased serum zinc and increased serum copper levels 

are associated with coronary artery disease. Moreover, results demonstrate that increased serum Cu: Zn ratio can 

diagnose occurrence of vascular events even in CAD patients. 
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Introduction 
 

Cardiovascular diseases (CVDs), especially 

coronary heart disease (CHD), have assumed 

epidemic proportions worldwide. Globally, CVD 

led to 17.5 million deaths in 2012.1 More than 

75% of these deaths occurred in developing 

countries. In contrast to developed countries, 

where mortality from CHD is rapidly declining, 

it is increasing in developing countries.2 

The risk of coronary artery disease in 

Indians is higher than White Americans, 

Chinese, and Japanese.3 Indians are prone as a 

community to coronary artery disease at a much 

younger age. The disease pattern is severe and 

diffuse. There is a higher incidence of 

hospitalization, morbidity and mortality in 

Indians compare to other ethnic groups. There is 

a parallel corollary between coronary artery 

diseasein Indians and the malignant course of 

rheumatic fever, rheumatic heart disease with 

associated severe pulmonary hypertension 

observed by Indian cardiologists in the sixties. In 

the Western population, incidence of coronary 

artery diseasein the young is up to 5% as 

compared to 12-16% in Indians.3 

Increasing prevalence of cardiovascular 

diseaserisk factors especially dyslipidemia, 

hypertension, diabetes mellitus, obesity, smoking 

and sedentary life styles are the major 

contributing factors for the growing burden of 

Acute Myocardial Infarction. Along with all 

these conventional risk factors, few trace 

elements altered during the disease process of 

coronary artery disease. All trace elements are 

essential for human body, but beyond a certain 

level, they are harmful. Copper is one of the 

powerful promoters of free radical damage, 

accelerating lipid peroxidation and causing 

formation of hydroxyl radicals along with iron.4 

Cu and CVD may be associated directly, through 

a direct effect on the vascular endothelium, or 

indirectly through lipoprotein metabolism. 

Copper ions can convert the superoxide and the 

hydrogen peroxide into the highly harmful 

hydroxyl radical that can damage to 

endothelium.5 While Zinc acts as a biological 

antioxidant by a decreasing lipid peroxidation 

and stabilizing the membrane.Zinc is an 

important component of biomembranes and an 

essential cofactor in a variety of enzymes. Zinc 

has antioxidant-like properties; thus, it can 

stabilize macromolecules against radical-induced 

oxidation in vitro as well as limit excess radical 

production.6 

In some studies, it was found that trace 

elements may play a vital role, resulting in either 

harmful or beneficial effects by damaging or 
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protecting vessel wall and altering lipid profile. 

This study was aimed to know the status and role 

of serum copper and zinc levels in patients of 

coronary artery disease. 

 

Materials and Methods 
 

A cross sectional observational study was 

carried out at Intensive cardiac care Unit (ICCU) 

of Civil Hospital, Ahmedabad from July 2011 to 

February 2012. The study was included 100 

patients diagnosed with acute coronary artery 

disease. Patients were primarily diagnosed by 

clinical examination, ECG and further evaluated 

by biochemical investigations. Age and gender 

matched 100 control participants were selected 

from the staff working in laboratory department 

and people coming for their physical fitness 

without history of any cardio vascular event. 

Patients with history of prolonged chest 

pain, characteristic ECG changes & increased 

serum CK-MB level were included in the present 

study while patients having chronic cardiac 

disease like, myocarditis, pericarditis, valvular 

heart disease were excluded from both groups. 

Blood samples were collected from all 

participants in plain tubes without 

anticoagulants. Serum was separated after 

centrifugation and stored at -20̊̊   C. All the serum 

samples were analyzed for lipid profile, serum 

copper & serum zinc level simultaneously to 

avoid any analytical error. Serum copper & 

serum zinc level estimation were done by 

colorimetric method in ERBA XL640 fully 

automated Biochemistry analyzer.7,8 All data was 

collected and recorded in excel sheet. All data 

was analyzed with the SPSS software. 

 

Results & Observations 
 

Table 1: Age incidence in Study group 

 

 

 

Table 2: Comparison of Control Group & Study Group 

Parameters Biological 

Reference 

Interval 

Control group (n=100) Study group (n=100) Significance 

Min Max Mean±SD Min Max Mean±SD 

S. Copper 

(µg/dL) 

80.0-140.0 79.0 122.0 97.0±10.8 103.0 172.0 141.0±15.2 t = 23.597, 

**p < 0.001 

S. Zinc 

(µg/dL) 

60.0-120.0 79.0 128.0 100.0±13.2 57.0 92.0 70.0±8.8 t = 18.910, 

**p < 0.001 

 

Table 3: Comparison of Cu: Zn ratio in study & control Group 

Group Serum Cu:Zn (Control group) Serum Cu:Zn (Study group) 

Mean 0.97 2.05 

Standard Deviation (SD) 0.16 0.34 

Sample Size 100 100 

Minimum 0.69 1.25 

Maximum 1.5 2.64 

Significance t = 28.74, df = 198, p < 0.001 

 

In present study, maximum number of 

patients belongs to 41 to 60 years of age in both 

groups (Table 1). Serum copper level shows 

significant increase in study group as compare to 

normal healthy control group (p < 0.001) (Table 

2). Serum zinc level shows significant decrease 

in study group as compare to normal healthy 

control group (p < 0.001) (Table 2). In present 

study mean value of serum Cu:Zn ratio shows 

significant increase in study group as compare to 

normal healthy control group (p < 0.001). (Table 

3) 

 

Discussion 
 

Trace elements are being increasingly 

recognized as essential mediators for the 

development and progression of cardiac diseases. 

On theoretical grounds, trace elements, including 

copper and zinc found to be protective against 

Age in Years No. of Cases % No. of controls % 

≤ 40̊̊ Years 11 11 14 14 

 41 to 60 Years 60 60 64 64 

> 60 Years 29 29 22 22 

Total 100 100 100 100 
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oxygen free radicals in the development of 

cardiovascular disease.9 It is well established that 

several trace elements are of great importance in 

a number of biological processes, mostly through 

their action as activators or inhibitors of 

enzymatic reactions, by competing with other 

elements and proteins for binding sites, by 

influencing the permeability of cell membranes, 

or through other mechanisms. It is therefore 

reasonable to assume that these minerals would 

also exert an action, either directly or indirectly, 

on the cardiac cell, on the blood vessel walls, on 

the blood-pressure-regulating centres, or on other 

systems related to cardiovascular function such 

as, e.g. the lipid and carbohydrate metabolism.10 

In present study mean serum copper level 

shows significant rise in coronary artery disease 

patients compared to normal healthy control 

participants. In present study, serum copper level 

increases in patients with coronary artery disease 

and it coincides well with studies by Ramesh et 

al,4 Ramakrishnan et al,9 Nourmohammadi et 

al11and Jubaira et al.12 Copper is an essential 

trace element as an important constituent of 

certain metalloenzymes and protein. Copper is an 

essential micronutrient for group of enzymes that 

catalyzes oxidation reduction reaction like, 

tyrosinase, cytochrome-oxidase, ascorbic acid 

oxidase, monoamine-oxidase, galactose oxidase 

and uricase. Oxidation is now thought to play an 

important role in the pathogenesis of CAD 

through oxidation of LDL-C and free radical 

formation and it has been suggested that the 

oxidation of LDL-C increases atherogenecity.12 

Elevated copper concentrations may be related to 

coronary heart disease in at least two ways. 

Oxidation and free radical formation are two 

components of atherogenesis. Copper oxidizes 

low-density lipoprotein cholesterol, increasing 

its atherogenecity.13 Alternatively, copper may 

be a risk marker for inflammation rather than a 

risk factor for coronary heart disease directly 

involved in the pathogenesis of atherosclerosis.14 

Increased patient’s serum copper levels are a part 

of a specific defense mechanism to provide more 

copper at the site of infarction to reduce its size 

and the extent of damage. In addition, the 

increase of ceruloplasmin, which is a copper 

containing enzyme and acute phase reactant, may 

account for the significant increase in serum 

copper levels. Ceruloplasmin is an acute phase 

protein and is synthesized by the liver in 

response to tissue damage and inflammation. 

Ceruloplasmin is an important intravascular 

antioxidant and it protects tunica intima against 

free radical injury. This phenomenon is the basis 

for constantly observed sudden increase in serum 

copper and ceruloplasmin levels.15 

In present study serum zinc level was found 

significantly decreased in study group compared 

to control group. The same was observed by 

previous studies done by Ramesh et al,4 

Ramakrishnan et al,9 Nourmohammadi et al11 

and Shekokar et al.16 Zinc is involved in many 

enzymatic reactions, cellular signaling 

mechanisms, and other essential functions in the 

cell. Moreover, although it is not an antioxidant 

itself, zinc can exhibit antioxidant effects 

indirectly through the activation of other 

molecules. Low zinc levels are associated with 

less comprised antioxidant defenses that 

normally protect the heart, leading to a 

susceptibility to oxidative stress. Zinc deficiency 

is also associated with cell death (apoptosis) in 

heart tissues, as zinc normally suppresses 

apoptosis.17 Besides that, low serum Zn levels in 

patients have been related to excess release of 

steroids due to the release of leukocyte 

endogenous mediators which redistribute the 

body Zn from serum and may cause a drop in 

serum Zn and also due to elevated levels of α2-

macroglobulin which is a transport protein 

containing large amounts of Zn.18 

Induction of metallothionein by zinc has 

been shown to alter the physiological disposition 

of copper and metallothionein has a greater 

binding capacity for copper than for zinc, so 

causing elevation of serum copper level and 

lowering serum zinc levels.11 

 

Conclusion 
 

From the present study, it is concluded that 

decrease serum zinc and increased serum copper 

levels are associated with coronary artery 

disease. Moreover, results demonstrate that 

increased serum Cu:Zn ratio can diagnose 

occurrence of vascular events in CAD patients. 
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