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Abstract  

Noninsulin dependent diabetes mellitus is supposed to be associated with fluctuations in the 

plasma levels of several trace elements. There is accumulating evidence that the metabolism of 

several trace elements is altered in patients with noninsulin dependent diabetes mellitus and that 

these nutrients might have specific roles in the pathogenesis and progression of this disorder. 

Aim The aim of the present study is to compare the levels of essential trace elements including 

copper (Cu), zinc (Zn), magnesium (Mg), iron (Fe), and calcium (ca) in type 2 diabetic patients  , 

healthy controls . and their possible association with age, sex and glycemic status. Materials 

and methods The comparative study included 100 type 2 diabetic patients and 30 as healthy 

control. Blood samples of all the subjects were collected after an overnight fasting for the 

determination of blood glucose, magnesium, zinc, copper, iron and calcium. Fasting blood sugar 

(FBS) was determined by enzymatic colorimetric assay to confirm the status of the patients and 

the controls while metals’ concentrations were measured with Atomic Absorption 

Spectrophotometer. Results The mean values of serum Mg and Zn levels were significantly 

reduced in blood samples of diabetic patients as compared to control subjects (p<0.01).The 

serum Cu , Fe and Ca  were significantly higher in blood samples of diabetic patients compared 

to normal subject (p<0.01). Sex and age did not affect the trace elements concentration except 

Cu showed a statistically significant increase with age. Glycemic status effect the trace elements 

concentrations significantly. Conclusion The results confirm that alteration  of some essential 

trace metals are associated with diabetes mellitus. 
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 IIتقذير مستىياث بعض العىاصر الىزرة لذي مرضً السكرٌ

وعمان عبذاللطيف.د 
1

 و سهيلت خالذ
2

 

. ٗصاسة اىصحت– ٍخخبش اىصحت اىَشمضٛ اىعاً -  ٍخخبش عيٌ الاٍشاض اىنَٞٞائٜ   -     1

 .ٗصاسة اىخعيٌٞ اىعاىٜ ٗ اىبحث اىعيَٜ-جاٍعت بغذاد– ميٞت اىضساعت  -    2

 

 الخلاصت

ٗبِٞ حقيباث ٍغخ٘ٙ عذة عْاصش  ( IIداء اىغنشٛ )ْٕاك اسحباغ ٍفخشض بِٞ داء اىغنشٛ غٞش اىَعخَذ عيٚ الاّغ٘ىِٞ 

س إْٕاك حشامٌ ىش٘إذ حذه عيٚ .  ّضسة فٜ بلاصٍا دً اىَشظٚ اىَصابِٞ بٖزا اىذاء  َ َّٜ ُ اعخقلاب عذة عْاصش ّضسة  ٝغُ

  .                   ُ ىٖزٓ اىَغزٝاث دٗس ٍحخَو ٗ ٍحذد فٜ ّش٘ء اىَشض ٗ حط٘سٓ اىلاحقإ IIٗفٜ ٍشظٚ داء اىغنشٛ 

 الهذف مه الذراست

 بَغخ٘إا ىذٙ اصحاء ٗحقصٜ علاقت رىل IIٍغخ٘ٙ عذة عْاصش ّضسة ىذٙ ٍشظٚ ٍصابِٞ بذاء اىغنشٛ ٍقاسّت 

: اىعْاصش اىْضسة   اىخٜ شَيخٖا اىذساعت ٕٜ . باىعَش ٗ اىجْظ ٍٗغخ٘ٙ اىغنش فٜ اىذً

 (ca)  ماىغًٞ٘  ٗ(Fe) حذٝذ  ٗ(Mg) ٍغْٞغًٞ٘  ٗ(Zn) خاسصِٞ ٗ(Cu) ّحاط

الطرائق و المىاد 

أحُزث عْٞاث اىذً ٍِ مو اىزِٝ شَيخٌٖ اىذساعت .  أصحاءII ٗ 30بذاء اىغنشٛ  ٍصاب 100اىذساعت اىَقاسّت حعَْج 

ٗ اىعْاصش اىَزم٘سة  (باعخخذاً اىطشٝقت الاّضَٝٞت اىيّ٘ٞت)ٌٕٗ فٜ حاىت صً٘ ىٞيٜ ٗ رىل ىخقذٝش ٍغخ٘ٙ مي٘م٘ص اىذً

                                                                                           (باعخخذاً ٍقٞاط غٞف الاٍخصاص اىزسٛ)اّفا

الىتائج 

:اظٖشث ّخائج اىخحيٞو الإحصائٜ ٍا ٝيٜ  

 اسحفاع ٍعْ٘ٛ ٗاظح فٜ ٍغخ٘ٝاث اىْحاط ٗاىحذٝذ ٗاىناىغًٞ٘ ىذٙ ٍشظٚ اىغنشٛ ٍقاسّت ٍع ٍجَ٘عت 

الأصحاء ٗ اّخفاض ٍعْ٘ٛ ٗاظح فٜ ٍغخ٘ٝاث اىضّل ٗاىَغْٞغًٞ٘ ىذٙ ٍشظٚ اىغنشٛ ٍقاسّت ٍع ٍجَ٘عت 

عذً حأثش ٍغخ٘ٙ ٕزٓ اىعْاصش باىعَش اٗ اىجْظ بَْٞا اظٖش اىْحاط صٝادة ٗاظحت ٍع حقذً . الاصحاء

. فَٞا حأثشٍغخ٘ٙ ٕزٓ اىعْاصش بَغخ٘ٙ اىغنش بص٘سة ٗاظحت.اىعَش

                                      الاستىتاج

  ٍشضٝبذٗ  أّ رٗ علاقت ٍع   اىْضسة اىعْاصشٍغخ٘ٙ بعط اىٚ اُ اىخغٞش فٜ  ٕزٓ اىذساعت ّخائج حشٞش 

                         II  اىغنشٛ
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Introduction 
 

Type-2 diabetes mellitus results from a defect in insulin secretion and an impairment of    

insulin action in hepatic and peripheral tissues, especially muscle tissue and adipocytes. A post-

receptor defect also is present, causing resistance to the stimulatory effect of insulin on glucose 

use to occur, and relative insulin deficiency develops. The specific etiological factors are not 

known, but genetic input is much stronger in type-2 than in type-1. However, type-2 diabetes 

mellitus is also reported to be caused by obesity(1). 

Metal ions are known to play an essential role in living systems, both in growth and in   

metabolism. Impaired metabolism of trace elements is observed in diabetic patient(2) . 

(Cu) is one of the essential trace elements, and has a particular role in cytochrome 

oxidase function at the terminal end of the mitochondrial electron transport chain. The loss of this 

activity may contribute to the characteristic swelling and distortion of mitochondria which can be 

observed in copper deficiency, particularly in metabolically active tissues such as pancreatic 

acinar cells,entrocytes,and hepatocytes(3). 

(Mg), another essential trace elements, is a cofactor in both glucose transporting    

mechanism of cell membranes and various enzymes important in carbohydrate oxidation.  It also 

plays a part in mechanism for energy transfer mediated by phosphate bonds.  Previous studies 

showed that magnesium metabolism might be altered in patients with diabetes mellitus.  Some 

authors found a strong positive association of diabetes with hypomagnesemia, while other 

demonstrated that increased urinary loss of magnesium caused by osmotic diuresis might 

contribute to diabetic hypomagnesemia.(4) 

(Zn) is one of the essential trace elements that is required to maintain the normal 

physiological function of all form of life(5). It  is a component of many enzymes, and plays an 

important role in the maintenance of several tissue functions, including the synthesis, storage 

and release of insulin. Zinc deficiency has now been recognized to be associated with many 

chronic illnesses. Diabetes mellitus(DM) is one of the diseases, which affect zinc homeostasis in 

different ways(6). 

Several studies have suggested a possible role of minerals such as iron in insulin 

resistance or diabetes. (Fe) is a transitional metal and a potential catalyst in many cellular 

reactions that produce reactive oxygen species. Such reactions contribute to tissue damage and 

increase oxidative stress, thereby potentially altering the risk of type 2 diabetes(7),(  8). It is 
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increasingly recognized that iron influences glucose metabolism, even in the absence of 

significant iron overload. In the general population, body iron stores are positively associated with 

the development of glucose intolerance, type 2 diabetes(9)(10). 

(Ca) is a versatile intracellular messenger that is used throughout the life cycle of an 

organism to control diverse biological processes. It has been suggested that diabetes and  

 

 

cardiovascular disease are linked by a common defect of divalent cation metabolism,     

including calcium(11). 

The aim of the present study is to compare the levels of essential trace elements including 

copper (Cu), zinc (Zn), magnesium (Mg), iron (Fe), and calcium (ca) in type 2 diabetic patients  , 

healthy controls . and their possible association with age,sex and glycemic status. 

 

Material and Methods 

Subjects 

Collection of data was carried out at  the central public health laboratory (C.P.H.L).The 

diabetic group included 100 NIDDM patients, aged 40-75years,who were chosen from 

patients with diabetes, attended the medical examinations during the period of the study. An 

aged matched control group included 30 apparently healthy subjects who were selected the 

workers from of the same center. 

 Medical history 

All of the recipient have no any other compliant apart from mellituse. 

Drug history  

50% of the patients was on dianoile 1х3  , 25% have in addition one tab. Of Biguaniol 

(glucophage). 25% on diatery control only. All of the group have taken sweetam tab on needs 

of them . 

Criteria for diagnosis 

The criteria for the diagnosis of type two Diabetes Mellitus concludes that any one of the 

following is diagnostic; 

1. Classical symptoms of diabetes,polyurea,polydypsia, and fatigue ,with plasma     

glucose concentration ≥ 200 mg/dl regardless of the time of the preceding meal  . 

2. Fasting plasma glucose  ≥ 126 mg/dl without caloric intake for at least 8 hr. 

3. 2-hr post load plasma glucose concentration ≥ 200 mg/dl during the oral glucose        

tolerance test 
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Sample collection  

About 10 ml of venous blood was obtained after an over night fast using disposable needle and 

syringe. Samples were collected between 9.00-11.00 a.m. Each sample was centrifuged at 4000 

rpm and the serum was separated and stored at – 20   ̊c until analysis. 

Biochemical analysis 

 

Determination of fasting blood sugar (FBS) 

 
Serum glucose was measured by enzymatic colorimetric method using commercial kit (Biocon ® 

Diagnostic / Germany). 

 

Determination of copper, iron, zinc, magnesium and calcium levels in sera  
 
The serum contents of Cu , Zn , Ca, Mg and Fe were measured by using atomic absorption 

spectrophotometer. (Perkin-Elmer2380,Norwalk,CT06859-0012,USA) 

  Statistical analysis: 

 The statistical analysis system –SAS (2004) was used to data analysis ,results were expressed 

as Mean ±(SD) ,the T-test (LSD) was used to compare variables among study groups. (12) 

 

              

 

Results  

One hundred patient with NIDDM (57 male  , 43 female  ) and 30 healthy subject (15 male,15 

female) comprised the study group. 

Table1 showed the mean fasting blood sugar (FBS),blood Ca, Zn, Mg, Fe and Ca concentration 

in all subjects. The mean levels of Zn and Mg  were significantly lowered (P<0.001)  in NIDDM as 

a compare to control group . on the other hand, the mean levels of Cu, Fe and Ca were 

significantly higher (P<0.001) in NIDDM as compared to control group. No difference was found 

between male and female with respect to Cu, Zn, Mg, Fe and Ca levels as shown in table 2. 

Table3 showed that the age had a weak and statistically insignificant effect on serum Zn, Mg, Fe 

and Ca while Cu shows a statistically significant increase with age.  

In table 4 it was found that trace elements significantly influenced by glycemic status except Ca. 
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Table 1. concentration of trace elements and fasting blood sugar in healthy control and diabetic patients. 

 
Parameters 

Means ± SD 

T-test(LSD) 
Diabetic 
patients 

Normal 
healthy 
control 

Glucose(mg/dl) 
 

261.61 ± 83.93 86.86 ± 17.29 30.593** 

Cu (μg/dl) 
 

171.60 ± 22.50 93.36 ± 6.86 8.262 ** 

Mg (mg/dl) 
 

1.82 ± 0.20 1.98 ± 0.22 0.0863 ** 

Fe (μg /dl) 
 

174.63 ± 42.66 71.26 ± 17.51 15.832** 

Zn (μg /dl) 
 

85.02 ± 14.94 97.86 ± 10.61 5.798 ** 

Ca (mg/dl) 
 

9.47 ± 0.74 9.03 ± 0. 41 0.280 ** 

                ** (p<0.01). 

 

 

 

Table 2 concentration of trace elements and fasting blood sugar in serum of diabetic patients according to their sex. 

 
Parameters 

Means ± SD T-test(LSD) 

Male Female  

Glucose(mg/dl) 
 

265.76 ± 87.81 256.10 ± 79.17 33.760 ns 

Cu(μg/dl) 
 

172.63 ± 22.32 170.23 ± 22.93 9.054 ns 

Mg (mg/dl) 
 

1.80 ± 0.20 1.85 ± 0.21 0.082 ns 

Fe (μg /dl) 
 

173.75 ± 44.72 175.79 ± 40.26 17.184 ns 

Zn (μg /dl) 
 

84.92 ± 15.11 85.13 ± 14.89 6.019 ns 

Ca (mg/dl) 
 

9.57 ± 0.66 9.33 ± 0.82 0.294 ns 

          ns: non-significant 
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Table 3. The effect of age in glucose and trace elements level at Diabetic patients 

 
Parameters 

Means ± SD T-test(LSD) 

40-55 years 56-75 years  

Glucose(mg/dl) 249.62 ± 80.60 275.13 ± 86.40 33.151 ns 

Cu(μg/dl) 166.98 ± 23.17 176.80 ± 20.75 8.775 * 

Mg(mg/dl) 1.81 ± 0.19 1.83 ± 0.22 0.082 ns 

Fe (μg /dl) 169.70 ± 45.24 180.18 ± 39.28 16.920 ns 

Zn(μg /dl) 
 

85.88 ± 15.64 84.04 ± 14.21 5.959 ns 

Ca(mg/dl) 9.56 ± 0.78 9.36 ± 0.68 0.293 ns 

       * (p<0.05). 

 

 

Table 4. The effect of level of glucose in  trace elements level at Diabetic patients 

 
Parameters 

Means ± SD T-test(LSD) 

Glucose >270 Glucose <270  

Cu(μg/dl) 161.05 ± 18.38 185.58 ± 19.79 7.618 ** 

Mg(mg/dl) 1.86 ± 0.22 1.76 ± 0.16 0.081 ** 

Fe(μg /dl) 167.44 ± 44.43 184.16 ± 38.65 15.859 * 

Zn(μg /dl) 91.21 ± 13.34 76.81 ± 12.95 5.282 ** 

Ca(mg/dl) 9.50 ± 0.76 9.42 ± 0.71 0.298 ns 
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Discussion 

There is accumulating evidence that the metabolism of several trace elements is altered in 

diabetes mellitus and that these nutrients might have specific roles in the pathogenesis and 

progress of this disease(13). Cooper et al  showed that Cu metabolism in diabetics is abnormal(14). 

Many studies have reported higher copper level in diabetics especially in  complicated cases (15). 

Our study showed that copper concentrations were significantly higher in NIDDM patients than 

control group which is consistent with finding of Schlienger et al; Mosaad et al;Zhao et al16),(2),(17) . 

Copper levels have been found to be elevated in IDDM subjects, while urinary excretion of 

copper has been found to be affected by diabetes mellitus(18)(19). In the present study Cu showed 

a statistically significant increase with age. These finding consistent with finding of Aquilar et al 

which found that in diabetic patients the age had a statistically significant association with serum 

copper for each year increase in age which is different, the copper content was higher in the liver 

of diabetic and lower in a dipose tissue.(20). Zinc plays a clear role in the glucose metabolism . 

The results in this study indicate a significant decrease in serum zinc levels in NIDDM patients 

compared to the normal healthy control. Which consistent with finding of Refaat et al; Zhao et al; 

Mosaad et al.(6),(2),(17). Diabetes can affect the balance of zinc in several ways, although it is most 

likely that hyperglycemia, rather than any primary lesion related to diabetes, causes the 

increased urinary loss and subsequent decreases in total body zinc(21). In addition, a review of 

the literature has shown that in addition to the zincuria, there is evidence that Type 1 and Type 2 

diabetics can cause zinc malabsorption. Some researchers have indicated that diabetics may 

lose zinc by excreting more zinc into the intestine during the digestive processes(22). 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 the insulin’s ability to bind to its receptor. A decrease in zinc affects the ability of the 

islet cells to produce and secrete insulin, which could compound the problems of Type 2 

diabetics in particular. In addition to the findings that zinc levels are often low in diabetics, it is 

also felt that zinc (in concert with other micronutrients) may participate as an integral component 

of antioxidant enzymes . Many of the complication of diabetes may relate to an increase in 

intracellular oxidant and free radicals associated with decrease in intracellular zinc and zinc 

dependent antioxidant enzyme(23). Although this study shows a decrease in  zinc with the  age 

yet this was  not significant and  this consistent with results obtained by many studies, which 

showed that the elderly are at particular risk of zinc deficiency due to their low energy intake and 

poor dietary zinc consumption(24). Diabetes mellitus has been suggested to be the most common 
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metabolic disorder associated with magnesium deficiency(25). Resnick et al reported intracellular 

and extracellular magnesium depletion in NIDDM patients(26). Magnesium levels in our study 

show significant decrease in NIDDM as compare to control group. This finding consistent with 

Mosaad et al (2). The mechanism responsible for magnesium deficiency in patients with diabetes 

is not completely known. Osmotic diuresis clearly accounts for a portion of the magnesium loss. 

It is believed that glycosuria which accompanies the diabetic state, impairs renal tubular 

reabsorption of magnesium  from glomerular filtrate(27). Dietary magnesium intake may also be a 

factor in deficiency, as the individuals do not consume the fully-recommended daily allowance for 

magnesium(28) . Recent evidences suggest that insulin can increase free magnesium entry into 

the cell(29). Furthermore, in the state of insulin resistance, insulin-induced entry of magnesium is 

also impaired(30).  

Epidemiological studies have reported an association between high iron stores and type 2 

diabetes(8). In the present study, serum iron significantly increase in NIDDM  as compart to 

control group and this finding consistent with finding of Fernandes et al which found that in 

general population increased body iron stores are possibly associated with occurrence of 

glucose intolerance,type2 diabetes e.g iron overload(9). A link has been established between 

increased dietary iron intake, increase intestinal absorption  particularly eating red meat and 

increased body iron stores, and the development of diabetes . Iron is a strong prooxidant that 

catalyzed the formation of hydroxyl radicals, and the increase in oxidative stress may be 

associated with the risk of diabetes . another potential mechanism is direct iron deposition in the 

pancreatic β-cell that can impair insulin secretion.(31),(8)  

Calcium levels in our study declare significant increase in NIDDM as compare to control group. 

This finding consistent with Joseph et al(32) . Accumulating data from animal models of diabetes 

and from studying patients with diabetes reveal that intracellular calcium levels are increased in 

most tissues. The activities of the membrane, adenosine triphosphatase (ATPase) associated 

cation pumps, which determine intracellular calcium level (i.e., calcium-ATPase and [sodium + 

potassium]-ATPase), are also altered. The nature of the alteration is often tissue specific and 

may depend on the level of blood glucose or insulin, or both.(32) 

Trace elements under study were not  influenced by sex and age but its influenced by glycemic 

status significantly.  
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