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ABSTRACT 
Background/Aims: Diabetes is a chronic disease that is associated with impaired metabolism of 

trace element and lipoprotein abnormalities.The aim of this study is investigate the correlation 

between levels of serum elements including magnesium, copper and zinc with changes of lipid 

profile and total AGEs in patients with type 2 diabetes and normal men in the cities of Nowshahr 

and Chaloos. 

Methods: This case-controlled study was performed on 60 patients (30 men with type 2 diabetes 

and 30 healthy men). In this study, lipid profile levels were determined spectrophotometerically. 

AGEs were estimated fluorimetrically (350 / 440 nm), serum levels of magnesium, copper and 

zinc were measured by atomic absorption spectrometry. The results were analysed using the 

SPSS software version 21 and the data were reported as Mean ± SD. 

Results: In this study, serum magnesium (P<0.05) and high-density lipoprotein and zinc 

(P<0.01) levels in the diabetic group were significantly lower than in the control group. Serum 
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low-density lipoprotein (P<0.001), copper, total cholesterol, triglycerides and AGEs (P<0.01) 

levels in the diabetic group were significantly higher than in the normal group. 

Conclusions: Collectively, our results suggest that AGEs, magnesium, copper, zinc and Lipid 

Profile level assay, may be at least one cause of vascular complications of diabetes mellitus. 

Key words: Type 2 Diabetes Mellitus, Advanced Glycation End Product, Lipid Profile, 

Serum Elements 

INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is typically 

a progressive disease. Pancreatic β-cell 

dysfunction may contribute to its progression; 

however, the natural history of β-cell function 

in T2DM remains poorly understood. Plasma 

C-peptide levels have been used as an indirect 

measure of insulin secretory reserve [1]. 

T2DM is related to a cluster of interrelated 

plasma lipid and lipoprotein disorders [2]. 

These disorders occur in many patients and 

are characteristic of insulin resistance 

syndrome, the main cause of many T2DM 

cases. In fact, pre-diabetic individuals often 

show an atherogenic pattern of risk factors 

that includes higher levels of total cholesterol 

(TC), LDL, and triglycerides and lower levels 

of HDL than healthy subjects [3, 4]. There is 

evidence that each of these dyslipidemic 

characteristics is related to an increased risk 

of cardiovascular disease, the main cause of 

death in patients who develop type 2 

diabetes[5]. 

Magnesium is a cofactor in the glucose 

transporting mechanisms of the cell 

membrane and various enzymes in 

carbohydrate oxidation [6]. Magnesium is 

critical to the proper functioning of many 

physiologic reactions, including those that are 

critical to the cardiovascular system. There is 

growing evidence that magnesium status is 

important in the pathogenesis and treatment 

of cardiovascular diseases [7]. Magnesium 

deficiency is associated with decreased HDL 

levels and increased LDL and triglyceride 

levels; in other words, it increases the heart 

coronary disease risk in diabetic patients [8]. 

Studies have shown that insulin and 

magnesium have a complex relationship with 

each other. Insulin can be shifted from the 

extracellular space to the intracellular 

magnesium adjust.  Low intracellular 

magnesium concentrations are created in both 

T2DM and hypertension and may lead to 

tyrosine kinase activation defects and 

increased intracellular calcium concentration, 
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both of which cause insulin function disorder 

[9]. 

Copper is the most abundant element in the 

human body and can exist in two forms, 

reduced (Cu1+) and oxidized (Cu2+). The 

redox cycling capability of Cu affects its key 

role in electron transfer reactions [10]. It is 

well known that copper is effective on 

oxidative stress. Copper is a potent cytotoxic 

element in its free form due to its redox 

chemistry. It readily participates in Fenton 

and Heiber Weiss reactions to produce 

reactive oxygen species. The toxic effect of 

metal dependent free radicals is enhanced by 

increasing copper levels. Moreover, 

increasing copper levels in patients who 

develop T2DM might also be attributed to 

hyperglycemia that stimulates glycation and 

causes copper ions to release from the copper 

binding sites of proteins. The release of 

copper ions into the blood further accelerates 

oxidative stress [11]. 

Zn is a component of many enzymes and has 

many important interrelationships with the 

endocrine system; it is also essential for 

normal growth and thyroid function as well as 

glucose metabolism [12]. Zn deficiency in 

humans is mainly caused by low Zn in the 

diet; the availability of Zn for intestinal 

absorption is decreased by increasing fiber 

content. The main clinical characteristics of 

Zn deficiency include growth retardation, 

delay in skeletal maturation, testicular 

atrophy, and hepato-splenomegaly. Other 

manifestations of Zn deficiency in humans 

include susceptibility to infection, impaired 

wound healing, scaly dermatitis, and diarrhea 

[10]. Zinc plays a key role in the synthesis, 

storage, and secretion of insulin, and it 

accounts for the conformational integrity of 

insulin in its hexameric crystalline form. The 

addition of zinc to the insulin structure will 

increase insulin’s ability to bind to its 

receptor. A decrease in zinc affects the 

capability of islet cells to produce and secrete 

insulin that is particularly liable to complicate 

problems of Type 2 diabetics [13]. Escobar et 

al. reported in 1995 that low levels of zinc in 

diabetes mellitus is due to loss of zinc via 

urine or possibly to zinc loss from cells as 

glucose is translocated into muscle [14]. 

Thus, it can be stated that low levels of zinc 

can affect pancreas function and play an 

important role in DM pathogenesis [15]. 

Some clinical data has shown that zinc 

deficiency increased cataract occurrence 

among people with DM[16]. 

Patients with T2DM have an increased 

incidence of atherosclerotic cardiovascular 

disease [17] which is attributable in part to 
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related risk factors, including hypertension 

and dyslipidemia. The latter is specified by 

high plasma triglyceride levels, low levels of 

high-density lipoprotein (HDL) cholesterol, 

and small, dense, low-density lipoprotein 

(LDL) particles[18,19]. 

AGEs are a complex group of compounds 

formed through a nonenzymatic reaction 

between reducing sugars and amine residues 

on proteins, lipids, or nucleic acids [20]. One 

of the most important causes of disorders 

secondary to diabetes, such as angiopathy, 

neuropathy, retinopathy, deficiency in 

antioxidant defense system, and lipid profile 

disorders, is a long-term increase in glucose. 

The main cause is the beginning of a chain of 

chemical reactions (Maillard reaction) after 

protein glycation which causes Schiff base 

formation, Amadori products, and finally, 

advanced glycation end products (AGEs). 

AGEs are nonfunctional protein aggregates 

that can change other proteins' structure and 

function and are effective signal transduction 

pathways[21]. 

The pathologic effects of the process of 

nonenzymatic glycation are reflected in 

degenerative changes during aging, chronic 

complications of diabetes mellitus, renal 

failure, and neurologic diseases [22]. Previous 

studies have indicated that a reduction in 

protein glycation and an increase in protein 

stability can significantly decrease the risk of 

complications from diabetes [21]. 

The objective of this study was to determine 

the serum levels of magnesium, copper, zinc, 

lipid profile, and serum TC, TG, HDL, and 

LDL in diabetic patients and control subjects 

and their status and AGEs of diabetes. 

METHODOLOGY 

This study was performed on 60 individuals 

with ages of up to 35 years, including 30 men 

with type 2 diabetes and 30 normal men. 

Patients with type 2 diabetes and were 

selected from the Taleghani's Hospital, 

Chaloos, Iran, between January 2014 and 

April 2014 by reviewing their medical 

records. In addition, normal individuals were 

selected among academic staff of Chaloos 

Azad University (Iran), with normal oral 

glucose tolerance test and no associated 

disease. Criteria for the study include patients 

that had been diagnosed with type 2 diabetes 

at least five years previously, and were living 

in Chaloos. Exclusion criteria included 

diseases of liver, kidney, thyroid, parathyroid, 

zinc, magnesium and copper supplements, 

hormone therapy drugs lower Lipid Profile 

and smoking. 10cc of vein blood were taken 

from each participant in the study at the 

beginning of the test period. Blood samples 
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were collected from the cubital vein and 

centrifuged at 1500xg at 4°C for 10 minutes. 

The samples were stored at -20°C for 

analyses. 

 AGEs assay 

Determination of Total AGEs done based on 

the spectrofluorimetric detection according to 

the method described by Kalousva et al 

(2002) [23]. The blood serum was diluted 

1:50 with PBS pH 7.4 and fluorescence 

intensity was recorded at the emission 

maximum (~440 nm) upon excitation at 350 

nm (Spectrofluorimeter Shimadzu RF-5000, 

Japan). Fluorescence intensity was expressed 

in arbitrary units (AU) and in AU/g protein.  

Lipid Profile assay 

Lipid Profilevalues were measured by 

Biosystems S.A kit (Biosystems S.A, Spain) 

and by the spectrophotometer device (UV-

2100, American). Concentration was reported 

in milligrams per decilitre (mg/dl). 

Elements measurement: 

For magnesium after 1:50 dilution with 

distilled water, 1% sodium EDTA, 0.5% 

lanthanum in hydrochloric acid must be added 

to suppress phosphate interference in the air-

acetylene flame and for copper and zinc 

undiluted vitreous was centrifuged at 

3000rpm for 30 minutes and the available 

volume was made up uniformly to 1ml with 

Mill Q water for technical reasons. This was 

digested with 3 ml of concentrated nitric acid 

perchloric acid mixture (5:1) and heated until 

all organic material was lost. The residue was 

made up to 2 ml with 5 parts distilled water. 

A drop of concentrated nitric acid was added 

to prevent adsorption of minerals on the wall 

of the container. The solutions were analyzed 

for magnesium and iron by the atomic 

absorption spectrophotometer (Model Varian 

Spectra AA 240, USA) as described earlier 

[24]. The instrument was calibrated with 

standards from Sigma Chemical Company, 

(St Louis, USA). Results were expressed as 

mg/ml of vitreous. 

Statistical calculations 

The statistical analysis was performed using 

the SPSS version 21.0 (IBM Co., Armonk, 

NY, USA). The significance of differences 

between groups was assessed using Student t-

test. Pearson correlation coefficients were 

used to identify linear correlations between 

continuous variables. Data are expressed as 

means ± SD (± Standard Deviation). 

Statistical significance was set at p< 0.05. 

RESULTS 

Table 1 shows the results of the AGEs, 

magnesium, copper, zinc and lipid profile in 

diabetic and normal subjects. As considered 

AGEs, copper, TC, triglycerides (P<0.01) and 
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LDL (P<0.001) concentration in diabetic 

samples were significantly more than normal 

samples, whereas magnesium (P<0.05), zinc 

and HDL (P<0.01) concentration in the 

diabetic group was significantly lower than 

the normal group. Also charts show 

thecorrelation between AGEs with 

magnesium, copper, zinc and lipid profile in 

the diabetic groups. As considered, AGEs 

levels have no significant negative correlation 

with zinc (Figure 1), magnesium (Figure 2), 

copper (Figure 3), triglycerides (Figure 4), 

HDL (Figure 5) and a significantly negative 

correlation with LDL levels (Figure 6) 

(P<0.01). AGEs levels also have a 

significantly positive correlations with 

cholesterol (Figure 7) (P<0.01) in the diabetic 

group. 

Table 1: Levels of AGEs, Magnesium, Copper, Zinc and Lipid Profile of diabetic and control groups 

Results are expressed as mean ± standard deviation. * P value is statistically significant.TC: Total cholesterol, 
LDL: Low-density lipoprotein, HDL: High-density lipoprotein, AGEs: Advanced glycation end products. 

 

 
Figure 1: Correlation between AGEs and Zinc            Figure 2: Correlation between AGEs and Magnesium 
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Figure 3: Correlation between AGEs and Copper       Figure 4: Correlation between AGEs and Triglycerides 

 
Figure 5: Correlation between AGEs and HDL                       Figure 6: Correlation between AGEs and LDL 

                        Figure 7: Correlation between AGEs and Cholesterol 
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DISCUSSION 

Diabetes mellitus (DM) is characterized by 

absolute or relative deficiencies in insulin 

secretion and/or insulin action associated with 

chronic hyperglycemia and disturbances of 

carbohydrate, lipid, and protein metabolism. 

Long-term vascular complications represent a 

major cause of morbidity and mortality in DM 

patients. Moreover, different biochemical 

disorders related to vascular complications, 

such as hyperlipidemia and oxidative stress 

which frequently co-exist with DM [25], 

appear insufficient to explain the increased 

risk of vascular diseases. Observations 

suggest that additional factors may be 

involved in the acceleration of diabetic 

complications[26]. 

Changes of several trace elements in plasma 

concentrations are suspected in diabetic 

patients and may be involved in some 

metabolic disorders associated with DM. 

Interconnecting systems of antioxidant 

micronutrients (minerals) and enzymes also 

accomplish the body’s defense against 

oxidative stress. Diabetes mellitus is 

frequently related to pancreatic enzyme 

disorders and oxidative stress. The present 

study purposed to show the role of trace 

element status, including copper, magnesium, 

zinc levels, AGEs formation, and lipid 

profiles in the pathogenesis and progression 

of two types of DM. Moreover, it examined 

the relationship between these parameters and 

complications in type 2 diabetic patients [26]. 

This study also aimed to determine the 

correlation between AGEs and magnesium, 

copper, zinc, and lipid profiles in type 2 

diabetics. No significant correlation between 

AGEs and magnesium, copper, zinc, 

triglycerides, or HDL were found; however, a 

significant negative correlation was observed 

between AGEs and LDL levels (P<0.01). The 

levels of AGEs, copper, TC, triglycerides 

(P<0.01), and LDL (P<0.001) were 

significantly higher in diabetic subjects. In 

addition, magnesium (P<0.05), zinc, and HDL 

(P<0.01) levels were significantly decreased. 

In the current study, TC, triglycerides, and 

LDL amounts were higher and HDL amounts 

were lower in the diabetic group than in the 

normal group. These results are in accordance 

with a 2004 study by Krauss et al. [5]. This 

similarity was also considered in a 2008 study 

by Gordon et al [27]. 

Hypertriglyceridemia, hypercholesterolemia, 

and AGEs were related to the oxidative 

modification of LDL, and therefore lead to an 

excess production of lipid peroxidation 

products and vascular complications [26]. In 

DM, carbohydrate disorders, lipids and the 
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metabolism of proteins play a predominant 

role in diabetic complications. 

Hypercholesterolemia (CHOL) and 

hypertriglyceridemia (TG) are mostly 

observed and largely related to the degree of 

diabetic control [7]. Serum HDLc was 

reported to be low in diabetic patients who 

develop T2DM [8]. Hyperglycemia may 

change lipoproteins to a form that promotes 

atherogenesis. LDLc levels are frequently 

changed in diabetic patients. Lipid 

peroxidation products that increase in clinical 

and experimental diabetes are important 

results of oxygen-derived free radicals stress. 

These products may be important in the 

pathogenesis of vascular complications in DM 

[28]. The disturbance in lipid metabolism [29] 

and hyperlipidemia subsequently leads to 

atherosclerotic diseases and cardiovascular 

complications. The beneficial effects of 

compounds decreasing elevated serum 

cholesterol levels in preventing coronary heart 

disease have been well established[21]. 

In the current study, amounts of AGEs were 

significantly higher in the diabetic group than 

in the normal group (P<0.01). These results 

are in accordance with a 1991 study by 

Makita et al. [30]. The most important cause 

of diabetic complications is increased serum 

glucose levels, which results in more protein 

glycation, protein conformational change, and 

malfunction. Therefore, several attempts have 

been made to pharmacologically prevent or 

slow down the glycation of proteins in order 

to control a disease pathogenesis [21]. The 

increased risk of coronary artery disease in 

subjects who develop DM can be partially 

explained by lipoprotein disorders related to 

DM. Hyper-triglyceridemia and low levels of 

high-density lipoproteins are the most 

common lipid disorders associated with DM 

[31]. 

AGEs are probably linked to atherosclerosis 

in multiple ways, including enhancing 

endothelial dysfunction, elevating vascular 

low-density lipoprotein (LDL) levels by 

decreasing LDL uptake, promoting plaque 

destabilization by affecting matrix 

metalloproteinases, inducing neointimal 

proliferation, and inhibiting vascular repair in 

response to injury. AGEs serum levels are 

increased in patients with type 2 diabetes and 

coronary heart disease [32]. Moreover, AGEs 

have been localized to atherosclerotic lesions, 

fatty streaks, lipid-containing smooth muscle 

cells, and macrophages in individuals who 

develop diabetes. A relationship between 

tissue AGE concentrations and the severity of 

atherosclerotic lesions has also been 

demonstrated. There are multiple potential 
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mechanisms whereby AGEs may enhance 

atherosclerosis [20]. AGEs quench nitric 

oxide and impair LDL removal by trapping 

LDL in subendothelium and decreasing LDL 

receptor recognition of AGE-modified LDL. 

AGE's binding to apolipoprotein (apo) B 

impaired its hepatic clearance, induced 

increased retention of LDL in the aortic wall, 

and increased recognition by macrophages in 

this site. Consequently, there is increased 

localization of AGE-LDL in vessels and 

increased production of foam cells, 

accelerating atheroma formation[33]. 

Results of the present study show a significant 

elevation in AGEs in patients with T2DM that 

may be due to the following reasons: 

Increased oxidative stress in diabetic patients 

may accelerate the formation of AGEs [23]. 

Elevations in copper ions in the sera of 

diabetic patients may accelerate oxidative 

stress, which in turn, may enhance AGEs 

formation that is the actual case. This is 

consistent with the finding that glucose 

autoxidation is a transition metal-catalyzed 

process that produces oxygen free radicals 

and ketoaldehydes [34]. This argument is 

strengthened by the finding that the 

incubation of collagen with a high 

concentration of glucose in the presence of 

copper increases the rate of AGEs 

accumulation, but collagen incubation with 

copper ions alone did not show any increase 

in AGEs [35]. 

Metal ions play an essential role in living 

systems, both in growth and in metabolism. 

Impaired metabolism of trace elements is 

observed in diabetic patients. It has been 

reported that urinary excretion of calcium, 

zinc, and magnesium is increased in two types 

of DM that causes a decrease in the levels of 

these elements in the blood in these patients 

[36, 37]. Another study reported that the 

levels of zinc and magnesium were 

significantly lower while the level of copper 

was significantly higher in serum of patients 

with T2DM[38]. 

The relationship between trace metals and 

cardiovascular complications may arise 

because of either a direct effect on the 

vascular system or indirectly through 

lipoprotein metabolism and oxidation. Lipid 

protein peroxidation can be inhibited by 

serum and enzymatic antioxidants the 

activities of which depend on the trace metal 

supply. Any disturbance in trace metal 

metabolism may cause serious consequences 

[10]. Many trace elements are important for 

human metabolic function. Numerous studies 

have demonstrated the essential role of such 

trace elements as iron, zinc, magnesium, 
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copper, selenium, vanadium, molybdenum, 

and manganese in insulin action and 

carbohydrate metabolism [39]. The observed 

changes in the status of these elements in 

diabetics have been attributed to the 

hyperglycemia and increased protein 

glycosylation seen in this condition[40]. 

Direct association of trace elements with 

health and disease is already established. DM, 

one of the most common diseases of mankind, 

is linked with an alteration in mineral 

metabolism. The data shown in Table І 

indicates that the serum magnesium level was 

significantly lower in DM patients as 

compared with healthy individuals (P<0.05). 

The lower concentration of magnesium in 

diabetic patients found in the current research 

was consistent with the study by Diwan et al. 

in 2006 [41]. Similar results were also 

observed in the studies of De-Valk in 1992 

[42]. Magnesium can play the role of a second 

messenger for insulin action by direct action 

on the entrance of glucose into the cell or by 

action on certain enzyme sites [43]. 

Magnesium deficiency is associated with 

many inflammatory and insulin-resistant 

conditions as well as diabetes mellitus. 

Magnesium is especially important for 

glucose metabolism. It is involved in over 300 

different chemical processes in the human 

body. For several decades, scientists have 

searched for a hidden relationship between 

DM, heart disease, high blood pressure, high 

cholesterol, and high blood clotting factors 

(high fibrinogen). Many researchers now 

believe that magnesium plays a central role in 

uniting most of these related insulin resistant 

diseases [44]. The term “insulin resistance” 

usually connotes resistance to the effects of 

insulin on glucose uptake, metabolism, or 

storage. Insulin resistance in obesity and 

T2DM is manifested by decreased insulin-

stimulated glucose transport and metabolism 

in adipocytes and skeletal muscle and by 

impaired suppression of hepatic glucose 

output [45]. When insulin resistance occurs, 

glucose is produced in the blood instead of 

being absorbed by the cells, and that leads to 

type 2 diabetes [46]. One major cause of 

diabetic complications is serum Glucose 

levels increase, resulting in more protein 

glycation, protein conformational change, and 

malfunction. Therefore, several attempts have 

been made to pharmacologically prevent or 

slow down the glycation of proteins in order 

to control the disease pathogenesis [21]. The 

increased risk of coronary artery disease in 

subjects with DM can be partially explained 

by lipoprotein disorders related to DM. 

Hyper-triglyceridemia and low levels of high-
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density lipoproteins could be the most 

common lipid disorders associated with 

DM[31]. 

Copper is one of these trace elements, and it 

plays a particular role in the cytochrome 

oxidase function at the terminal end of the 

mitochondrial electron transport chain. 

Activity deficiency in cytochrome oxidase 

function caused by a Cu deficit may 

contribute to the distortion of mitochondria, 

particularly in metabolically active tissues 

such as pancreatic acinar cells, enterocytes, 

and hepatocytes [12]. The data in Table І 

shows that the copper concentration was 

significantly higher (P<0.01) in diabetic 

patients than in normal individuals, which 

suggests that these changes may affect the 

activity of the mentioned enzymes. The 

higher Cu concentrations in diabetic patients 

found in the current research was consistent 

with those found in the studies of Kazi et al. 

in 2008 [47]. Similar results were also 

observed in the studies of Zargar et al. in 

1998 [14] and Walter et al. in 1991 [48]. 

Mooradian and Morley studied the impact of 

diabetes and its complications in 1987 and 

confirmed the relationship between diabetes 

and essential metals [49]. 

Some observed changes in diabetes were due 

to hyperglycemia and increased glycosylation 

changes in serum proteins [50]. In the current 

study, levels of serum zinc in diabetic patients 

were significantly lower in diabetic patients 

compared with healthy subjects (P<0.01). 

Similar observations were reported by Al-

Maroof [51]. In other studies, the serum zinc 

levels were also lower in the diabetic group 

than in the control group, and the difference 

was statistically significant [52]. Moreover, it 

is reported that Zn levels in plasma, 

leukocytes, and erythrocytes is significantly 

lower in diabetic patients than in non-

diabetics subjects. It is now clear that the 

predominant effect on Zn homeostasis of 

diabetes is hypozincemia; that may be the 

result of hyperzincuria or decreased 

gastrointestinal absorption of Zn, or both [53]. 

In addition, increased zinc excretion can have 

an effect in the form of decreased serum zinc 

levels. It was observed that the minimum 

level of zinc resulted in increased blood sugar 

levels due to the specific internal and external 

functioning of insulin on renal tubules [38]. A 

decrease in serum zinc levels in diabetic 

patients is associated with the increased 

urinary excretion of zinc and reduced 

gastrointestinal absorption [53]. 

Results of the present study showed that zinc 

and magnesium levels are decreased in T2DM 

blood. The loss of these minerals might be 
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attributed to impaired absorption and/or the 

excess excretion of these metals in urine 

(glycosuria) by these patients, which may 

induce a deficiency or marginal state of these 

minerals in the blood of diabetic patients [36, 

38]. Increased copper ion levels in patients 

with DM might be attributed to 

hyperglycemia that may stimulate glycation 

and release copper ions from copper-

containing enzymes. This argument is 

supported by Lin [54], who found the 

elevation of concentrations of both lenticular 

copper ions and protein-unconjugated copper 

ions, resulting in the decreased reactivity of 

copper-containing enzymes such as SOD and 

Cp in the lens of diabetic patients; that is the 

actual case. 

CONCLUSION 

It can be concluded that hyperglycemia in 

DM is related to accelerated nonenzymatic 

glycation and oxidative stress. The impaired 

trace element metabolism of the present work 

may play a key role in the pathogenesis and 

progression of DM where copper levels 

increase and zinc decreases. Furthermore, 

calcium and magnesium levels may disturb 

antioxidants, induce pancreatic amylase 

secretion (that is considered as another 

diabetic complication in DM), and enhance 

lipid peroxidation. AGEs is increased in 

diabetic patients. AGEs and the oxidative 

modification of lipoproteins, particularly 

LDL, may be at least a cause of DM vascular 

complications. Results of the current study 

also showed that T2DM may be associated 

with a deficiency in some essential trace 

elements. It seems nutrition is a critical 

element in any prevention strategy, and 

individuals with diabetes should consume an 

adequate quantity of foods rich in essential 

micronutrients in order to achieve their daily 

dietary requirements. It was also observed 

that there are disorders in the metabolism of 

several trace elements in DM that play a 

significant role in the pathogenesis and 

progression of the disease. Hypomagnesemia 

can lead to AGEs and disorders in 

carbohydrate and lipid metabolism. Along 

with antidiabetic therapy, magnesium, zinc, 

and copper supplementation can decrease 

complications caused by DM. Furthermore, 

all these parameters may contribute to the 

development of vascular complications in 

diabetic patients. 

Conflict of interest 

No potential conflict of interest relevant to 

this article was reported. 

ACKNOWLEDGMENTS 

This study was supported by the Islamic Azad 

University of Chaloos Branch. We thank 



Reza Mahdizadeh et al                                                                                                                 Research Article 
 

 
257 

IJBPAS, July, 2015, 4(7) 
 

department of research for cooperation in this 

work. 

REFERENCS 

1. Chung JO, Cho DH, Chung DJ, Chung 

MY. Associations between Hemoglobin 

concentrations and the clinical characteristics 

of Patients with type 2 Diabetes. The Korean 

journal of internal medicine 2012;27(3):285-

292. 

2. American Diabetes Association: 

Management of dyslipidemia in adults with 

diabetes (Position Statement). Diabetes Care 

2003;26(Suppl. 1):S83–S86. 

3. Haffner SM, Mykkanen L, Festa A, Burke 

JP, Stern MP. Insulin-resistant prediabetic 

subjects have more atherogenic risk factors 

than insulin-sensitive prediabetic subjects: 

implications for preventing coronary heart 

disease during the prediabetic state. 

Circulation 2000;101:975–980,. 

4. Haffner SM, Stern MP, Hazuda HP, 

Mitchell BD. Patterson JK: Cardiovascular 

risk factors in confirmed prediabetic 

individuals: does the clock for coronary heart 

disease start ticking before the onset of 

clinical diabetes? JAMA 1990;263:2893–

2898,. 

5. Krauss RM. Lipids and lipoproteins in 

patients with type 2 diabetes. Diabetes care 

2004;27(6),1496-1504. 

6. Quilliot D, Dousset B, Guerci B, Dubois F, 

Drouin P, Ziegler O. Evidence that diabetes 

mellitus favours impaired metabolism of zinc, 

copper, and selenium in chronic pancreatitis. 

Pancreas 2001;22:299–306. 

7. Purvis JR, Movahed A. Magnesium 

disorders and cardiovascular 

diseases. Clinical cardiology 1992;15(8),556-

568. 

8. Guerrero-Romero F, Rodríguez-Morán M. 

Hypomagnesemia is linked to low serum 

HDL-cholesterol irrespective of serum 

glucose values. J Diabetes Complications 

2000;14(5):272-6. 

9. Methency norma M.fluid & electrolyte 

balance. Nursing consideration.4th ed. 

Lippincott Wiliams & wilkins; 2000;131-143. 

10. Chan Y-K. Studies on the roles of 

transition metals in diabetogenesis: 

ResearchSpace@ Auckland; 2008. 

11. Supriya SM, Pinnelli VB, Murgod R, 

Raghavendrar DS. EVALUATION OF 

SERUM COPPER, MAGNESIUM AND 

GLYCATED HAEMOGLOBIN IN TYPE 2 

DIABETES MELLITUS. Asian Journal of 

Pharmaceutical and Clinical 

Research 2013;6(2),188-190. 

12. Zargar AH, Shah NA, Masoodi SR, 

Laway BA, Dar FA, Khan AR, et al. Copper, 

zinc, and magnesium levels in non-insulin 



Reza Mahdizadeh et al                                                                                                                 Research Article 
 

 
258 

IJBPAS, July, 2015, 4(7) 
 

dependent diabetes mellitus. Postgraduate 

medical journal. 1998;74(877):665-8. 

13. Anderson RA, Roussel A-M, Zouari N, 

Mahjoub S, Matheau J-M, Kerkeni A. 

Potential antioxidant effects of zinc and 

chromium supplementation in people with 

type 2 diabetes mellitus. Journal of the 

American College of Nutrition 

2001;20(3):212-8. 

14. Zafar U, Qureshi HJ, Karim A. Insulin 

resistance and serum parameters of iron status 

in type 2 diabetics. Pak J Physiol 

2011;7(2):28-31. 

15. Saha-Roy S, Pal S, Bera S, Choudhury 

KM, Bhattacharya A, Sen G, et al. STATUS 

OF SERUM MAGNESIUM, ZINC & 

COPPER IN PATIENTS SUFFERING 

FROM TYPE-2 DIABETES MELLITUS. 

Journal of Drug Delivery and Therapeutics 

2014;4(1):70-72. 

16. Rahim A, Iqbal K. To assess the levels of 

zinc in serum and changes in the lens of 

diabetic and senile cataract patients. JPMA-

Journal of the Pakistan Medical Association 

2011;61(9):853. 

17. Almdal T, Scharling H, Jensen JS, 

Vestergaard H. The independent effect of type 

2 diabetes mellitus on ischemic heart disease, 

stroke, and death: a population-based study of 

13,000 men and women with 20 years of 

follow-up. Arch Intern Med 2004;164:1422–

1426. 

18. Chahil TJ, Ginsberg HN. Diabetic 

dyslipidemia. Endocrinol Metab Clin North 

Am 2006;35:491–510.  

19. Turner RC, Millns H, Neil HA, Stratton 

IM, Manley SE, Matthews DR, et al. Risk 

factors for coronary artery disease in non-

insulin dependent diabetes mellitus: United 

Kingdom Prospective Diabetes Study 

(UKPDS: 23) BMJ 1998;316:823–828.  

20. Goh SY, Cooper ME. The role of 

advanced glycation end products in 

progression and complications of 

diabetes. The Journal of Clinical 

Endocrinology & Metabolism 

2008;93(4),1143-1152. 

21. Shirali S, Bathaie Z, Nakhjavani M. Effect 

of Crocin on the Insulin Resistance and Lipid 

Profile of Streptozotocin‐Induced Diabetic 

Rats. Phytotherapy 

Research 2013;27(7),1042-1047. 

22. Misur I, Turk Z. Substituted guanidine 

compounds as inhibitors of nonenzymatic 

glycation in vitro. Croatica Chemica Acta 

2001;74:455–465. 

23. Kalousova M, Skrha J, Zima T. Advanced 

Glycation End-Products and Advanced 

Oxidation Protein Products in Patients with 



Reza Mahdizadeh et al                                                                                                                 Research Article 
 

 
259 

IJBPAS, July, 2015, 4(7) 
 

Diabetes Mellitus. Physiological Research 

2002;51:597-604. 

24. Maiyata T, Wada Y, Cai Z, Iida Y, Horie 

K, Yasud Y, et al. Implication of an increased 

oxidative stress in the formation of advanced 

glycation end products in patients with end-

stage renal failure. Kidney International 

1997;51:1170-81. 

25. Kannel WB, McGee D. Diabetes and 

cardiovascular risk factors: the Framingham 

study. Circulation 1979;59:8–12. 

26. Abou-Seif, MA, Youssef AA. Evaluation 

of some biochemical changes in diabetic 

patients. Clinica Chimica Acta 2004;346(2), 

161-170. 

27. Gordon LA, Morrison EY, McGrowder 

DA, Young R, Fraser YT, Zamora EM, et al. 

Effect of exercise therapy on lipid profile and 

oxidative stress indicators in patients with 

type 2 diabetes. BMC complementary and 

alternative medicine 2008;8(1), 21. 

28. Velazquez E, Winocour PH, Kesteven P, 

Alberti KG, Laker MF. Relation of lipid 

peroxides to macrovascular disease in type 2 

diabetes. Diabet Med 1991;8:752–8. 

29. Asdaq S, Inamdar MN. Potential of crocus 

sativus (saffron) and its constituent, crocin, as 

hypolipidemic and antioxidant in rats. Appl 

Biochem Biotech 2010;162:358–372. 

30. Makita Z, Radoff S, Rayfield EJ, Yang Z, 

Skolnik E, Delaney V, et al. Advanced 

glycosylation end products in patients with 

diabetic nephropathy. N. Engl. J. Med 

1991;325, 836-842. 

31. O’Brien T, Nguyen T, Zimmerman BR. 

Hyperlipidemia and diabetes mellitus. Mayo 

Clin Proc 1998;73:969–76. 

32. Kilhovd BK, Berg TJ, Birkeland KI, 

Thorsby P, Hanssen KF. Serum levels of 

advanced glycation end products are 

increased in patients with type 2 diabetes and 

coronary heart disease. Diabetes Care 

1999;22:1543–1548. 

33. Sobenin IA, Tertov VV, Koschinsky T, 

Bunting CE, Slavina ES, Dedov II, et al. 

Modified low density lipoprotein from 

diabetic patients causes cholesterol 

accumulation in human intimal aortic cells. 

Atherosclerosis 1993;100:41–54. 

34. Hunt JV, and Wolff SP. Oxidative 

glycation and free radical production: a causal 

mechanism of diabetic complications. Free 

Radic Res Commun 1991;12–13:115–23. 

35. Sajithlal GB, Chithra P, Chandrakasan G. 

The role of metalcatalyzed oxidation in the 

formation of advanced glycation end 

products: an in vitro study on collagen. Free 

Radic Biol Med 1998;25(3):265–9. 



Reza Mahdizadeh et al                                                                                                                 Research Article 
 

 
260 

IJBPAS, July, 2015, 4(7) 
 

36. Brown IR, McBain AM, Chalmers J, 

Campbell IW, Brown ER, Lewis MJ. Sex 

difference in the relationship of calcium and 

magnesium excretion to glycaemic control in 

type-1 diabetes mellitus. Clin Chim Acta 

1999;283:119–28. 

37. Cunningham JJ, Fu A, Mearkle PL, 

Brown RG. Hyperzincurea in individuals with 

insulin-dependent diabetes mellitus: 

concurrent zinc status and the effect of high 

dose zinc supplementation. Metabolism 

1994;43(12):1558–62. 

38. Isbir T, Tamer L, Taylor A, Isbir M. Zinc, 

copper and magnesium status in insulin-

dependent diabetes. Diabetes research 

(Edinburgh, Scotland) 1993;26(1):41-5. 

39. Zargar AH, Bashir MI, Masoodi SR, 

Laway BA, Wani AI, Khan AR, et al. Copper, 

zinc and magnesium levels in type-1 diabetes 

mellitus. Saudi Med J 2002; 23:539-42. 

40. Shrivastava VK, Chauhan AK, lahiri VL. 

The significance of serum magnesium in 

diabetes mellitus. Ind J Med Sci 1993;47:119-

23. 

41. Diwan AG, Pradhan AB, Lingojwar D, 

Krishna KK, Singh P, Almelkar SI. Serum 

zinc, chromium and magnesium levels in 

type-2 diabetes. Int J Diabet Dev Countries 

2006;26:122-123. 

42. de Valk HW. Hypomagnesaemia and type 

2 (non-insulin-dependent) diabetes mellitus. 

Diabetologia. 1992;35(9):904-5. 

43. Hans CP, Sialy R, Bansal DD. 

Magnesium deficiency and diabetes mellitus. 

CURRENT SCIENCE-BANGALORE 

2002;83(12):1456-63. 

44. Barbagallo M, Dominguez LJ. 

Magnesium Metabolism in Type 2 Diabetes 

Mellitus. In Encyclopedia of 

Metalloproteins 2013;1277-1281. 

45. Reaven GM. Pathophysiology of insulin 

resistance in human disease. Physiological 

reviews 1995;75(3);473-86. 

46. The National Diabetes Information 

Clearinghouse 2014;NIH Publication No. 14–

4893. 

47. Kazi TG, Afridi HI, Kazi N, Jamali MK, 

Arain MB, Jalbani N, et al. Copper, 

chromium, manganese, iron, nickel, and zinc 

levels in biological samples of diabetes 

mellitus patients. Biological trace element 

research 2008;122(1):1-18. 

48. Walter RM, Uriu-Hare JY, Olin KL, Oster 

MH, Anawalt BD, Critchfield JW, et al. 

Copper, zinc, manganese, and magnesium 

status and complications of diabetes mellitus. 

Diabetes care 1991;14(11):1050-6. 

49. Mooradian AD, Morley J. Micronutrient 

status in diabetes mellitus. The American 



Reza Mahdizadeh et al                                                                                                                 Research Article 
 

 
261 

IJBPAS, July, 2015, 4(7) 
 

journal of clinical nutrition 1987;45(5):877-

95. 

50. Srivastava V, Chauhan A, Lahiri V. The 

significance of serum magnesium in diabetes 

mellitus. Indian journal of medical sciences 

1993;47(5):119-23. 

51. Al-Maroof RA, Al-Sharbatti SS. Serum 

zinc levels in diabetic patients and effect of 

zinc supplementation on glycemic control of 

type 2 diabetics. Saudi medical journal 

2006;27(3):344-50. 

52. Anetor J, Senjobi A, Agbedana E, Ajose 

O. Decreased serum magnesium and zinc 

levels: atherogenic implications in type-2 

diabetes mellitus in Nigerians. Nutrition and 

health 2002;16(4):291-300. 

53. Chausmer AB. Zinc, insulin and diabetes. 

Journal of the American College of Nutrition 

1998;17(2):109-15. 

54. Lin J. The association between copper 

ions and peroxidative reaction in diabetic 

cataract. Nippon Ganka Gakkai Zasshi 

1996;100(9):672– 9. 

 

 


