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Abstract 

Background: As Diabetes Mellitus is a metabolic disorder, where metabolism of various trace 

elements is being altered. Present study has been carried out to find out the association between 

Diabetes Mellitus and alteration in the level of trace elements.  

Aim: To analyse the level of trace elements  in type 2 DM patients in comparison with healthy 

controls.  

Materials and Methods: The present cross sectional study was carried out in 122 patient of Type 2 

Diabetes Mellitus. The study was carried out in Clinical biochemistry, central Laboratory, IMCH 

and RC, Department of Biochemistry, Indore. FBS was estimated by GOD-POD method. Serum 

Copper and Serum Zinc levels were assessed colorimetrically.  

Results: In our study, serum copper level was found high in Type 2 DM patients and serum Zinc 

level is decrease ed in the patients of Type 2 DM.  

Conclusion: Alteration in levels of Copper and Zinc are found to be important predisposing factors 

for patients of diabetes mellitus for developing complications. From the present study it may be 

concluded that alteration in levels of trace elements like Cu and Zn may have a role in the 

pathogenesis and progression of Diabetes Mellitus. 
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Introduction  

Diabetes is a group of metabolic diseases characterized by hyperglycemia caused by insulin 

secretion, insulin action, or both. Diabetes-related chronic hyperglycemia has been linked to long-

term organ damage, dysfunction, and failure, including the eyes, kidneys, nerves, heart, and blood 

vessels.[1] Diabetes is a widespread disease in developed countries and is the fourth leading cause 

of mortality. [2] According to the "International Diabetes Federation," Atlas 10th Edition (2021), a 

total of 537 million adults (20-79 years old) have diabetes mellitus. By 2030, this figure is expected 

to reach 643 million, and by 2045, it will reach 783 million. In addition, it is anticipated that 541 
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million individuals would have impaired glucose tolerance by 2021. In 2021, nearly 6.7 million 

persons aged 20–79 is expected to die from diabetes-related causes. [3] 

 

Diabetes is rapidly approaching epidemic levels in India, with over 62 million diabetics presently 

diagnosed. In the year 2000, India (31.7 million people) had the highest number of people with 

diabetes mellitus worldwide, followed by China (20.8 million) and the United States (17.7 million). 

According to Wild et al, the global prevalence of diabetes is expected to double from 171 million 

people in 2000 to 366 million people in 2030, with India experiencing the greatest growth. Diabetes 

mellitus is expected to impact up to 79.4 million people in India by 2030, with considerable rises in 

the number of people afflicted in China (42.3 million) and the United States (30.3 million) as 

well.[4] 

 

Significant changes in the metabolism of minerals, including trace elements (zinc, selenium, copper, 

iron, chromium, manganese & magnesium) and inflammatory markers (c reactive protein & 

interleukin 4) have been described in patients with diabetes mellitus, and several mineral 

deficiencies have been associated with some of the complications of diabetes. [5] 

 

Selenium (Se) controls β-cell target genes, promotes development in pancreatic islet function and 

protection for tissues and membranes from oxidative strain. If Se levels exceed optimum values, it 

can cause a diabetogenic impact by defecting insulin responsiveness, growing rates of glycolysis, 

and promoting the release of glucagon. Hence, promoting hyperglycemia or inducing over 

expression of antioxidant selenoproteins may result in insulin resistance and obesity. zinc is present 

in secretory vesicles within β-cells of the pancreas where it participates in the crystallization/storage 

of insulin and is thus released alongside insulin into the plasma [9].Deficiency of zinc disrupts 

insulin homeostasis, resulting in a reduction of insulin secretion by β-cells.[6] This may be due to 

the fact that magnesium ionsare an essential cofactor in several processes. increases the affinity of 

insulin receptors for ATP and is thus essential for their auto-phosphorylation and tyrosine kinase 

activity, which results in magnesium sensitising cells to insulin. 

 

The role of copper in glucose homeostasis is not well defined. Experimental data suggest that 

impairment of glucose tolerance can be secondary to a Cu-deficiency.[7] 

Manganese (Mn) is another essential trace element which has been previously observed to control 

blood sugar and cellular energy, immunity system functions, and processes of defense against free 

radicals. It works as a cofactor in different enzymes like those involved in mitochondrial 

glycoprotein synthesis.[8] 

   

Free iron serves as a catalyst for lipid and protein oxidation and the formation of reactive oxygen 

species. In addition, iron indices are correlated with obesity and insulin sensitivity. In the presence 

of hyperglycemia and inflammation, iron may contribute to the development and progression of 

oxidative injury. Iron may also negatively impact on glucose control. [9] 

 

In carbohydrate metabolism, Zinc has an important role.  [10] Various studies have shown that 

biological activity of insulin is being increased in vitro by Zinc. Further decreased level of Zinc 

may increase the insulin resistance in NIDDM. [11] Derangement in the metabolism of copper can 

be a cause of chronic complications of diabetes mellitus. [12] It has been postulated that high level 

of Copper is associated with increased oxidative stress. Oxidative stress is linked with impairment 

in glucose tolerance and insulin resistance. [13] So estimation of Copper and Zinc is an important 

parameter for management of type 2 DM. The present study aimed to analyse the level of trace 

elements (Coppe, selenium, iron and Zinc) in type 2 DM patients in comparison with healthy 

controls.  
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Materials and Methods  

The study was conducted in IMCH and RC, Department of Biochemistry. Ethical clearances was 

obtained from the Institutional Ethical Committee and written informed consent was taken, before 

carrying out the study. 

 

Sample size 

A total of 122 subjects was recruited, 61 severe diabetes mellitus patients of cases group in 

Department of Biochemistry, Index Medical College & Research Centre, and 61 healthy controls. 

  

Sample Collection  

Overnight fasting 5 ml of blood was drawn from the antecubital vein of all the study participants. 

 

Statistics Analysis  

Mean ± SD were calculated for all the parameters to examine and were differentiated by Student’s 

t-test using SPSS 23. P-values considered significant were as follows: – P < 0.05– a Significant and 

P > 0.001 –a highly Significant. 

 

Result  

The study was conducted with 122 case and 122 control. The purpose to conduct the plot study is to 

find out the feasibility for conducting the study and design on plan of statistical analysis. 

 

 
Figure no.1: Compare to male and female type 2 diabetes mellitus 

 

Table no.1 : Comparative study of Trace elements in Control and Diabetes Mellitus Patients. 

Parameter  Controls  

(Mean±SD)  

(n=122)  

Diabetes Mellitus  

(Mean±SD)  

(n=100) 

p-value 

SERUM HbA1C% 5.51± 1.07 6.49± .59 0.0001 

SERUM FBS (mg/dl) 84.09 ±8.76 122.09 ± 8.98 0.0001 

 SERUM ZINC (µg/dl) 77.46 ± 14.60 71.82 ± 15.79 0.0427 

SERUM SELENIUM  (µg/dl) 62.80 ±16.38 70.99 ±13.79 0.0034 

SERUM COPPER (µg/dl) 55.92 ±20.89 63.62 ±18.28 0.0323 

SERUM IRON (µg/dl) 99.72 ±38.09 140.2±48.86 0.0001 

 

In the present study,  HbA1C  (6.49± .59), FBS (122.09 ± 8.98),  S.zinc (122.09 ± 8.98), S. 

Selenium(71.82 ± 15.79) , S. Copper (63.62 ±18.28) and S Iron (140.2±48.86) levels were 

significantly increased in type 2 diabetes mellitus patients compared with controls. Serum zinc 

MEN

WOMEN
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(77.46 ± 14.60) levels were significantly decreased in type 2 diabetes mellitus patients compared 

with controls as illustrated in table 1 

 

Discussion  

Trace elements have been considered as essential for optimum health. [14] The clinical importance 

of trace elements is still controversial. Among the trace elements, copper and zinc are of particular 

importance. [15] In modern era, chronic disorders such as diabetes mellitus and hyper tension are 

major causes of death world wide. [16] Sufficient evidences are present which shows alteration in 

metabolism of several trace elements in diabetes mellitus. [17-18] Zinc is a dietary metal required 

for the healthy functioning of the body. Zinc is one of the most important trace elements in the body 

and it is essential as a catalytic, structural and regulatory ion. It is involved in homeostasis, in 

immune responses, in oxidative stress, in apoptosis and in ageing. Zinc deficiency is linked to 

decreased immunity leading to increased infection susceptibility. But the role of Zn in the 

prevention, treatment and complications of DM is not clear. [19] 

 

In the present study, we significantly low in serum iron level in Type 2 diabetes mellitus patients. 

Our study showed a decrease in serum level of zinc (71.82±15.79) in cases as compared with the 

controls group which was (77.46±14.60). This finding shows the level of serum zinc was significant 

between cases as compared to controls.These results were consistent with a previous study done by 

Sahria and Goswami, [20] which also showed low levels of Zn in diabetic patients compared to 

their controls (P < 0.05). This finding also concurred with studies done by Saha-Roy et al. [21] and 

Masood et al.Al-Maroof and Al-Sharbatti [20, 22] also observed significantly lower serum Zn levels 

in diabetics than in control subjects. Marchesini et al [23] explained that low Zn seen in the diabetic 

population was due to the decreased gastrointestinal absorption and increased urinary excretion. In 

one study, the Zn levels were reported as similar in diabetic and control subjects [24] However, a 

study done by Mamza et al. revealed high Zn levels in diabetic patients [25] 

 

In our study, we evaluated the status of serum selenium level in Type 2 diabetes mellitus patients. 

Our study showed an increase in serum level of Se (70.99±13.79) in cases as compared with the 

controls group which was (62.80±16.38). This finding shows the level of serum Se was significant 

between cases as compared to controls.Impaired Se homeostasis was frequently associated with 

either hyper- or hypoinsulinemia in the animal models discussed above. A likely explanation for 

these observations stems from the fragile redox homeostasis in pancreatic β-cells and the role of 

selenoenzymes therein [25-26]. Tiedge.M et. al explained that low activity of the common 

antioxidant enzymes, superoxide dismutase, catalase, and GPX [27]  

 

Iron is one of the essential trace elements for the human body. The body contains 3–5 g iron. The 

body regulates the amount of iron mainly through absorption. When iron is deficient or excessive, it 

causes dysfunction of the body. Excessive iron stores have been suggested to be associated with a 

high risk of type 2 diabetes by causing damage to the pancreatic β‐cells and insulin resistance 

through increased oxidative stress [28] In the present study, we evaluated the status of serum iron 

level in Type 2 diabetes mellitus patients. Our study showed a increase in serum level of iron 

(140.27±48.86) in cases as compared with the controls group which was (99.72±38.09). This 

finding shows the level of serum iron was significant between cases as compared to controls. 

Most of the studies reported in our review show an association between advanced age and higher 

copper levels in patients with diabetes and our study, we evaluated the status of serum copper level 

in Type 2 diabetes mellitus patients. Our study showed a increase in serum level of copper 

(63.62±20.89) in cases as compared with the controls group which was (55.92±38.09). This finding 

shows the level of serum copper was significant between cases as compared to controls. 

The increase in Cu ion levels in patients with diabetes mellitus may be attributed to hyperglycaemia 

that may stimulate glycation and release of copper ions and this accelerates the oxidative stress, so 

that, Advanced Glycation End products are formed, that are involved in the pathogenesis of diabetic 
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complications [29] Majority of plasma copper is transported bound to ceruloplasmin (>95%); rest is 

bound to albumin, transcuprein and copper-amino acid complexes. Ceruloplasmin is an acute phase 

reactant, has ferro-O2-oxidoreductase (pro-oxidant) activity directed towards ferrous ion stimulated 

lipid peroxidation and formation of hydroxyl radical in Fenton reaction. [30] 

In our study Zn levels in diabetic patients was significantly lower (p<0.0001) compared to controls 

which matches with earlier studies. [31] Copper (Cu) is an essential trace element that is required 

for physiological function of number of enzymes. Copper has important role in synthesis of 

hemoglobin and immune function.  

Increase in level of Copper, particularly the free fraction, may produce tissue injury apparently due 

to its pro-oxidant effects and the depletion of anti-oxidant reserves. [32]  Major transported form of 

Copper is bind with ceruloplasmin (>95%); rest is bound to albumin, transcuprein and copperamino 

ac id complexes. Copper is harmful in its unbound form, c auses redox imbalance due to it’s highly 

redox active nature, in which there is activation of stress sensitive intracel lular signalling pathways 

through  Haber-Weiss reaction. [33] 

 

The rise in Copper ion levels in diabetes mellitus patients may be due to hyperglycaemia that may 

enhance glycation and release of copper ions and this increases the oxidative stress, so that, 

Advanced Glycation end products are produce which are involved in the pathogenesis of diabetic 

complications. [34] Copper like transition metal has greater affinity to attach with glycated proteins. 

In our study there  

is higher level of copper in patients of DM than the controls which correlates with other studies.[35] 

 

Conclusion  

Alteration in levels of Copper and Zinc are found to be important predisposing factors for patients 

of diabetes mellitus for developing complications. From the present study it may be concluded that 

alteration in levels of trace elements like Cu and Zn may have a role in the pathogenesis and 

progression of Diabetes Mellitus. The decreased blood levels of Zn and increased blood levels of 

Cu as have been found in present study can be utilized for prognosis and management of diabetes 

mellitus. As there is vital role of trace elements like zinc and copper in diabetes mellitus, it is 

advised that sufficient provision of these trace elements in the diet of diabetic patients can be 

helpful in the long term management of diabetic patients. For better understanding effect of these 

trace elements in diabetes mellitus, further clinical studies are needed which should enroll larger 

number of patients and uses higher advanced methods.  
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