
Pakistan Journal of Medicine and Dentistry 2013, Vol. 2 (03)Pakistan Journal of Medicine and Dentistry 2013, Vol. 2 (03) 0302

 

 

 

 

 

 
 3 may be involved. The chromosomally fragile 

site, FRA3B, has been linked to lung cancers 
and more recently has been explored in cervical 
carcinomas.  A large number of smokers and 
passive smokers showed fragility at FRA3B. 
FRA3B maps within the fragile histadine triad 
gene (FHIT), which is a tumor suppressor gene 
involved in tumorogenesis, including cervical 
neoplasia.6

Health professionals are also target of passive 
exposure to cigarette smoke which makes them 
also a focal group essential for creating aware-
ness regarding hazards of passive smoking.7 In 
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our environment, bidi and huqqa smokers is 
another addiction that needs to be studied from 
genetic aspect to find out the multi-factorial 
polymorphism. With new technology enabling 
scientists to analyze the interactions between 
genomic structure and environmental stimuli, 
researchers should be able to make efforts in 
clarifying the role that SHS exposure plays in 
different types of cancers. There should be valid 
methods for describing the interactions between 
environmental exposures, pathogens, and 
genetic composition in the trail to understand the 
mechanism of all cancers.

REFERENCES 

ORIGINAL ARTICLE

Zinc and Copper Levels Fluctuate with Altered 
Glucose Homeostasis 

  

Nudrat Anwar Zuberi1 Sabeela Noor2 Fasiha Fatima3 Khalilullah4 and Muhammad Iltaf5 

 
ABSTRACT  
Background: Type 2 diabetes mellitus is becoming one of the major health problems worldwide. 
Especially in South East Asia, type 2 diabetes has gained critical significance. As pre-diabetes prevalence 
is increasing worldwide, it has become an important concern to prevent diabetes at an early stage. Trace 
elements have been gaining attention in improving the glucometabolic conditions like pre-diabetes and 
diabetes. Zinc and copper are the major trace elements present in the human body and they play a 
significant role in the pathogenesis of diabetes mellitus and pre-diabetes. 
Objectives: The purpose of this study was to compare serum zinc and copper levels in type 2                           
diabetes and pre-diabetes. 
Methods: This study was conducted in department of Biochemistry BMSI, JPMC Karachi. Total 90 
subjects were taken out of which 30 were type 2 diabetics, 30 were pre-diabetics and 30 were normal 
healthy individuals. Serum fasting glucose was measured by glucose oxidase method. Serum zinc and 
copper were measured by colorimetric method. Statistical analysis was done using SPSS version 16. 
Results: Serum zinc levels were significantly lower in type 2 diabetics as compared to pre-diabetics and 
normal individuals (mean differences were 45.17±15.63µg/dl, 59.97±13µg/dl and 86.57±14.34 µg/dl 
respectively). Serum copper was significantly increased in type 2 diabetics compared to pre-diabetes and 
control samples (mean differences were 325.55±88.34 µg/dl, 175.53±47.45µg/dl and 126.87±21.57µg/dl 
respectively). 
Conclusion: It was concluded that serum zinc was significantly lower in type 2 diabetics and pre-
diabetics and is inversely related to serum fasting glucose while serum copper is significantly higher and 
positively related with fasting blood glucose. 
KEY WORDS: Type 2 Diabetes, Pre-Diabetes, Zinc, Copper. 
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standard deviation. Data obtained in the study 
and control group were compared thriugh two-
tailed t-tests by using SPSS (Statistical Package 
for Social Science) version 16. Pearson·s 
correlation coefficient (r) was used to identify 
trace elements association with glycemic status. 
P-value <0.05 was considered as significant. 

RESULTS 

The age, sex, body mass index (BMI) and 
medication is shown in Table 1. The mean age 
of the healthy control group was 47.23±6.37, 
pre-diabetics was 47.40±6.06 and 48.97±6.9 for 
diabetic patients. There were 49% males and 
51% were females in the sample. The BMI of 
diabetic group was significantly increased 
(27±3.5) as compared to impaired (25.2±3.03) 
and control (24.5±4.6). 72% of the patients in 
diabetic group were taking different 
hypoglycemic drugs.  

Table 2 presents the fasting blood sugar (FBS), 
copper (Cu) and zinc (Zn) level among study 
groups. FBS was significantly increased in 
diabetic group (141±20.53) as compared to 
control (86.03±8.24) and pre-diabetic group 
(112±6.7), which is highly significant (p value 
<0.001). Copper was significantly increased in 
the diabetic group (325.55±88.34) compared to 
control (126.87±21.57) and pre-diabetic group 
(175.53±47.45), which is highly significant (p 
value <0.001). Zinc was significantly decreased 
in diabetic group(45.17±15.63) compared to 
control (86.57±14.34) and pre-diabetic group 
(59.97±13), which is highly significant (p value 
<0.001). The serum copper levels were 
positively correlated with fasting blood sugar, 
(Fig.1) while the serum zinc levels were 
negatively correlated with fasting blood sugar 
(Fig.2). 

Table 1: Characteristics of Study Subjects 

INDICATORS CONTROL 
(N=30) 

PRE-
DIABETICS 

(N=30) 

TYPE 2 
DIABETICS 

(N=30) 
Age (years) 47.23±6.37 47.40±6.06 48.97±6.9 
Sex (n, %) 
Male  
Female  

 
47 
53 

 
43 
57 

 
57 
43 

BMI (kg/m2) 24.5±4.6 25.2±3.03 27±3.5 
Taking 
hypoglycemic 
Drugs (n, %) 

 
 
 

 
 
 

 
 
 

Yes  
No  

0 
30(100) 

0 
30(100) 

21(72.4) 
9(27.6) 

 
 
 
 
 
 
Table 2: Comparison of Fasting Blood Glucose and 
Other Biochemical Variables within Study Groups 

 CONTROLS PRE-
DIABETICS 

TYPE- 2 
DIABETICS 

p-
VALUE 

FBS 
(mg/dl) 86.03±8.24 112±6.7 141±20.53 

   
0.001* 
 

Zinc 
(µg/dl) 86.57±14.34 59.97±13 45.17±15.63 

   
0.001* 
 

Copper 
(µg/dl) 126.87±21.57 175.53±47.45 325.55±88.34    

0.001* 
Values are expressed as mean ± SD, values < 0.05 are 
considered as significant 
 
Figure 1: Correlation between Fasting Blood Glucose 
and Serum Copper in Complete Study Population (n=90) 

 
 
Figure 2: Correlation between Fasting Blood Glucose 
and Serum Zinc in Complete Study Population (n=90) 
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INTRODUCTION 

Diabetes mellitus is a metabolic disorder 
characterized by chronic hyperglycemia causing 
disturbances of carbohydrate, fat and protein 
metabolism resulting from defects in insulin 
secretion, insulin action, or both.1 The 
prevalence of diabetes and pre-diabetes is 
increasing globally and becoming a threat to the 
world population especially South East Asia.2 In 
Pakistan the diabetes prevalence is 11.1% while 
prevalence rate of impaired fasting glucose is 
4.2% in males and 2.3% in females.3 

The role of trace elements for improvement of 
disturbed metabolic conditions like pre-diabetes 
and diabetes has been gaining attention.4,5 Zinc 
is the second most common trace element 
profusely distributed in the body after iron.6 

Several studies on humans as well as on 
animals established that zinc plays a major role 
in the synthesis and release of insulin. Zinc 
serves as an effective antioxidant by lowering 
the oxidative stress and decreasing the insulin 
resistance and ultimately the progression of 
diabetes mellitus.7,8 

Copper is the third most abundant mineral in the 
human body. Copper is present in the body 
combined with various enzymes to form metallo-
enzymes such as ceruloplasmin, SOD.9 These 
enzymes play a major role in redox reactions, 
such as superoxide dismutase which plays key 
role in antioxidant defense.10 Copper is 
associated with altered glucose metabolism 
through the stimulation of glycation and release 
of copper ion enhancing the oxidative damage.11 
Various studies on human subjects demonstrate 
that diabetic patients have abnormal circulation 
of copper.12 Copper and zinc are the major 
components of antioxidant enzyme SOD.13 This 
enzyme inhibits oxidative stress which results 
from the accumulation of free radicals oxidative 
stress and plays an important role in the 
pathological processes ongoing in the diabetic 
patients.14  The objective of this study was to 
determine the serum zinc and copper levels in 
type 2 diabetics and pre-diabetics and their 
association with glycemic status. 

METHODOLOGY 

This is a prospective, cross sectional and 
comparative study. A total of 90 subjects were 
selected out of which 30 were pre-diabetics (17 
females and 13 male), 30 were diagnosed 
patients of type 2 diabetes (14 females and 16 
males) and 30 were normal healthy individuals 
(16 females and 14 males) aged 40-65 years. 
The study was conducted at a diabetes 
management tertiary care center of Karachi after 
taking ethical approval from committee of BMSI, 
JPMC. The required samples were collected 
from the diabetic patients and normal healthy 
individuals over a period of three months.  

The subjects were selected after  procuring 
written consent, detailed history and 
examination of the subjects. Patients suffering 
from endocrinal disorders, hepatic disease, renal 
diseases, alcoholism or other drug abuse were 
excluded For female patients, those having 
pregnancy, on lactation and using oral 
contraceptive pills were excluded. Both patients 
and normal healthy individuals were requested 
to come with 8-10 hours of fasting for sample 
collection. Samples were collected for blood 
glucose level, serum copper and zinc level. 7 ml 
of blood was taken aseptically in 10cc 
disposable syringes. Out of 7ml, 3ml was placed 
in sodium citrate tube for FBS estimation; 4 ml of 
blood was placed in a second test tube and 
allowed to clot for determination of copper and 
zinc. Clotted blood in the test tube was 
centrifuged at 508 Xg for three minutes and 
serum was separated and stored at -200C until 
analysis.  

Considering the laboratory fasting blood glucose 
measurements, participants were categorized 
into three groups using American Diabetic 
Association (ADA) guidelines: 

Normal (normoglycemic): Where fasting blood 
glucose level was < 100 mg/dl. 
Pre-diabetics: Where fasting blood glucose level 
was 100-125 mg/dl, and 
Diabetics: Where fasting blood glucose level 
was  125 mg/dl. 

Plasma glucose level was estimated by using 
glucose oxidase method. The colorimetric 
randox kit procedure was used for estimating 
serum copper and zinc estimation. All 
experimental data were expressed in mean and 
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DISCUSSION 

Trace elements have been investigated as 
potential preventive and therapeutic agents for 
type 2 diabetes and for common complications 
of diabetes. In particular, diabetes is shown to 
be associated with abnormalities in the 
metabolism of zinc, chromium, copper, 
magnesium and manganese.15 The present 
study was designed to evaluate serum zinc and 
copper levels in type 2 diabetes and impaired 
fasting glycemic individuals while evaluating 
against a healthy control group. 

In the study, it was observed that mean serum 
zinc level was significantly low in diabetics as 
compared to the control subjects. Similarly Al-
Maroof also reported significantly lower serum 
zinc level in diabetics than in control subjects.16 

Lower levels of zinc were  observed in impaired 
fasting glycemic group respectively. Some 
studies have reported zinc deficiency along with 
alterations in zinc metabolism in patients with 
diabetes. Zinc is useful in the synthesis, storage, 
and secretion of insulin.17 It effects antigenic 
properties of insulin which leads to 
hyperglycemia. Increase in the copper ion levels 
in patients with diabetes mellitus (DM) may be 
attributed to hyperglycemia that may stimulate 
glycation and release of copper ion and this 
accelerates the oxidative stress.18,19 The results 
have shown that copper levels are increased in 

diabetic patients as well as in impaired fasting 
glycemic group as compared to control. The 
increased level of copper in the diabetic patients 
agrees with other studies.20  

Copper acts as a pro-oxidant and may 
participate in metal catalyzed formation of free 
radicals. The increased production of free 
radicals is likely to be associated with 
development of type 2 DM.21 A decrease in zinc 
concentrations and an increase in copper 
concentrations can be additional factors of 
atherogenicity.22 Serum copper levels were 
positively correlated with fasting blood sugar 
while serum zinc levels were negatively 
correlated with fasting blood sugar, depicting 
that both of these trace elements have marked 
effect on glucose metabolism. 

Copper and zinc are the major components of 
antioxidant enzyme SOD. This enzyme inhibits 
oxidative stress which results from the 
accumulation of free radicals oxidative stress 
and plays an important role in the pathological 
processes ongoing in the diabetic patient. 
Excessive oxidative stress has adverse effects 
on islet survival and function, and accelerates 
complications in target organs and tissues.23, 24 

Our study has a number of potential limitations 
as other trace elements such as iron are not 
considered even though they may influence zinc 
status. The sample size was also relatively 
small, therefore the numbers of individuals in 
each group were limited to reach definite 
conclusion for comparison among groups. 

CONCLUSION 

From the present study, it was concluded that 
type 2 diabetics and pre-diabetics have 
significantly lower level of serum zinc as 
compared to control group and significantly 
higher level of serum copper. It was determined 
that zinc deficiency plays an important role in the 
development of impaired glucose homeostasis. 
It prospectively might serve as a protective 
agent against the development of type 2 
diabetes. However, in order to better understand 
the role of these trace elements on diabetes 
larger clinical trials are required.   
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