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ABSTRACT   

 

Available evidence shows that there are abnormalities in the metabolism of several trace 

elements in diabetes mellitus which may have contributed to the pathogenesis and 

progression of the disease. This study is aimed at investigating the levels of selected trace 

metals (zinc, copper, calcium, magnesium and lead) in the serum of type I and II diabetes 

mellitus patients. Thirty non-insulin-dependent diabetes mellitus (NIDDM), 30 insulin-

dependent diabetes mellitus (IDDM) and 30 apparently healthy non-diabetic control 

subjects participated in the study. After an overnight fast, blood samples of all the subjects 

were collected and the serum concentrations of glucose and these trace elements were 

measured. Fasting blood sugar (FBS) was determined by glucose oxidase method to confirm 

the status of the patients and controls while the levels of the trace metals were measured by 

atomic absorption spectrophotometer (AAS). The mean levels of FBS for the diabetic 

patients were significantly higher (P<0.05) than those of the control group. Similarly, the 

mean serum concentrations of copper and lead were significantly higher (P<0.05) in the 

diabetic patients as compared to the controls. However, the mean values for zinc, calcium 

and magnesium were significantly lower (P<0.05) in the sera of diabetic patients when 

compared with the controls. These findings suggest that the altered metabolism of these 

elements may play a role in the development, pathogenesis and progression of diabetes 

mellitus.  

 

Keywords: Diabetes mellitus, Fasting blood sugar, Trace metals, Abakaliki 

 

INTRODUCTION  

 

Diabetes mellitus is a metabolic disease that 

results from absolute or relative deficiency of 

insulin secretion and/or insulin action, 

characterized by disorder in metabolism and 

persistent rise in blood glucose levels above 

normal (hyperglycaemia) and its attendant 

complications (Grundy et al., 1999; Tierney et al., 

2002). Some of the characteristic symptoms of 

diabetes mellitus are excessive urination 

(polyuria), excessive thirst, increased fluid intake 

(polydipsia), blurred vision and weight loss. These 

symptoms, however, may not be present if the 

blood glucose level is only mildly elevated (Lionel, 

2007). The population of people with diabetes 

mellitus sometimes known as “the silent killer” is 

increasing at an alarming rate yearly, suggesting 

that environmental factors may be involved in its 

aetiololgy (Jones et al., 2005). Nearly two 

decades ago, it was recognized that diabetes was 

neglected and that many patients were being 

denied specialist care. Several community studies 

have shown that these patients suffer a 

disproportionate burden of ill health and are 

responsible for increased economic and social 

demands on society (Alberti, 1991). 

  Mineral elements constitute a minute part 

of the living organism. However, they play 

essential roles in both growth and metabolism 
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(Aggett and Cornerford, 1995; Cohen et al., 

1997). Abnormalities in trace metals metabolism 

have been demonstrated in many human 

diseases. In particular, diabetes mellitus has been 

reported to be associated with abnormalities in 

the metabolism of zinc, copper, calcium and lead 

(Walter et al., 1991). Reports have shown that as 

a group, diabetics excrete more zinc, calcium and 

magnesium in the urine than non-diabetics, 

causing a decrease in the plasma levels of these 

elements from these patients (Walter et al., 

1991). Studies by Isbir et al. (1994) has shown 

that the levels of zinc and magnesium were 

significantly lower while that of copper was 

significantly higher in the serum of patients with 

insulin-dependent diabetes mellitus. It was 

reported by Rao et al. (1987) that zinc has an 

insulin-like effect on the manifestation of 

diabetes. Zinc supplements have been shown to 

lower blood sugar levels in people with type I 

diabetes (Rao et al., 1987) though some evidence 

indicates that zinc supplementation in people with 

type II diabetes does not improve their ability to 

process sugar (Niewoehner et al., 1986).  

Family studies suggest that zincuria could 

be under polygenic control (Pidduck et al., 1970). 

Urinary zinc excretion appears to be controlled by 

alleles at a number of loci and diabetics might 

possess a different assortment of these alleles as 

compared to non-diabetics (Pidduck et al., 1970). 

The exact cause of hyperzincuria is not known. 

However, disturbed metabolism of zinc 

metalloenzymes and abnormal binding of zinc to 

tissue proteins have been suggested as possible 

causes. The low plasma zinc levels in diabetics 

suggest that the hyperzincuria is of renal origin. 

Renal tubular defect in handling zinc and glucose-

induced osmotic diuresis are other possibilities 

(Pidduck et al., 1970). 

  Lead is a heavy metal dangerous to most 

organs and systems in the human body. It 

interferes with body metabolism and cellular 

functions such as the regulation of oxygen 

transport and energy generation. It is a 

cumulative metabolic poison with affinity for the 

sulphur-containing amino acids. Exposure to even 

low levels has been associated with health 

hazards especially in infants, pregnant women 

and nursing mothers (Baghurst et al., 1987; 

Needleman and Gatsonis, 1990). The effects of 

lead poisoning in diabetes subjects have also 

been recognized over three decades ago (Wedeen 

et al., 1975). According to reports, lead produced 

damaging effects in the haematopoetic, hepatic, 

cardiac, renal, reproductive and gastro-intestinal 

systems (Stoiek and Stoczynska, 2003). Lead 

levels have been investigated in many 

pathological conditions and it has been reported 

to be high in diabetes mellitus (Akinloye et al., 

2010). 

 Changes in the plasma concentrations of 

several trace metals have been reported in 

patients suffering from diabetes mellitus. It has 

also been suspected that these alterations may 

contribute to some of the metabolic dysfunctions 

observed in these patients. The present study is 

therefore aimed at evaluating trace metal status 

in two types of diabetes mellitus patients in this 

environment. 

 

MATERIALS AND METHODS 

 

Subjects: Thirty patients suffering from non-

insulin-dependent diabetes mellitus (NIDDM) and 

30 patients suffering from insulin-dependent 

diabetes mellitus (IDDM) who had been clinically 

diagnosed for at least 12 months prior to the 

study, attending outpatient clinic of the 

Department of Medicine, Ebonyi State University 

Teaching Hospital (EBSUTH) were recruited after 

their oral consent was obtained. These subjects 

suffering from both types of diabetes were free 

from other diseases at the time of the study. 

Again, 30 ages matched apparently healthy 

volunteers served as the controls. The non-

diabetic controls were selected after medical 

examination and laboratory tests to determine 

their fasting blood glucose levels. The clinical 

characteristics of the study subjects are shown in 

Table 1. 

 

Sample Collection: About 10 mls of fasting 

venous blood were drawn from the antecubital 

vein of each subject using a sterile needle and 

syringe. The collected blood was dispensed into a 

clean and dry plain tube. Each sample was 

allowed to clot undisturbed for 15 minutes and 

centrifuged at 4000 rpm for 10 minutes to 

separate serum from the clot. The serum was 

dispensed into another clean and dry plain tube 
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and some aliquots collected for fasting sugar 

determination. The remaining sample was stored 

at –20oC until trace metals analysis was 

performed. 

 

Biochemical Analysis: The serum glucose 

concentration was measured using glucose 

oxidase spectrophotometric method (Trinder, 

1969). Serum levels of copper, zinc, magnesium, 

lead and calcium ions were estimated by atomic 

absorption spectrophotometry (Kaneko, 1999). 

 

Statistical Analysis: The SPSS software 

package for windows version 18.0 was used for 

statistical analysis and means were considered 

significantly different where p<0.05. All data are 

expressed as mean ± standard deviation. 

Statistical difference between each parameter for 

the diabetic and control groups was performed 

using analysis of variance (ANOVA).  

 

RESULTS  

 

The mean age, body mass indices (BMI) and 

fasting blood glucose levels of all the subjects 

indicated that the mean age of the diabetic 

patients and the controls are statistically similar. 

There was, however, a significant difference 

(p<0.05) in the mean BMI of the diabetic patients 

when compared to the control. As expected, the 

fasting blood glucose levels of the diabetic 

patients was significantly higher (P<0.05) than 

those of the control group (Table 1).    

The mean serum zinc, calcium and 

magnesium concentrations were significantly 

lower (P<0.05) in both types of diabetics in 

comparison to the control. Again, the mean serum 

concentrations of zinc, calcium and magnesium 

were significantly decreased (P<0.05) in NIDDM 

subjects when compared to IDDM subjects (Table 

2). Furthermore, the mean levels of copper and 

lead were significantly higher (P<0.05) in the sera 

of both types of diabetes when compared to the 

control.  Additionally, the mean serum 

concentrations of copper and lead were 

significantly increased (P<0.05) in NIDDM 

patients when compared to IDDM patients.  

 

 

 

DISCUSSION  

 

Some trace metals are known to act as 

antioxidants by preventing membrane 

peroxidation, while others play their roles as 

metal-containing enzymes (metalloenzymes) 

where they help in metabolism of macromolecules 

such as glucose. It has been suggested that 

imbalance in the levels and abnormalities in the 

metabolism of some trace elements are common 

findings in many human diseases, particularly 

diabetes mellitus (Triptych et al., 2004). Tallman 

and Taylor (1999) reported that dysfunctional 

neuroendocrine-endocrine interactions can 

contribute to this disturbance in trace metal 

metabolism thereby leading to severe 

complications seen in diabetic patients.  

In this study, serum zinc, calcium and 

magnesium were observed to be significantly 

lower in both types of diabetes mellitus when 

compared to the control. These results are in 

agreement with those of Abou-Seif and Youssef 

(2004) that investigated the levels of these metals 

in type I and type II diabetes mellitus. The 

findings that the levels of these metals were lower 

in the sera of NIDDM patients than in IDDM 

patients may suggest that oxidative stress is more 

in NIDDM than in IDDM (Abou-Seif and Youssef, 

2001). Since diabetics excrete more of these 

metals than non-diabetics, the lower levels of 

zinc, calcium and magnesium in the sera of both 

types of diabetics may be attributed to impaired 

absorption and/or excessive loss in the urine of 

diabetics (Brown et al., 1999). 

Reports have shown that zinc has insulin-

like effects since it causes or enhances glucose 

uptake. It has been proposed that zinc enhances 

the uptake of glucose by inhibiting glycogen 

synthetase thereby blocking the conversion of 

glucose to glycogen (Rao et al., 1987). As such, 

the decreased level of zinc in the plasma of 

diabetic patients may be another contributory 

factor to the high blood glucose observed in 

them.  

Magnesium is involved in glucose 

homeostasis at multiple levels. It catalyses the 

various enzymes involved in the phosphorylation 

of glucose both at its anaerobic metabolism and 

oxidative decarboxylation in the citric acid cycle.  
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Table 1:  Fasting blood glucose and anthropometric indices of diabetic patients resident in 

Abakaliki, South East, Nigeria 

       Parameters  Control(n = 30) NIDDM(n = 30) IDDM(n =30) 

Sex (M/F) 17/3 21/9 18/12 

Age (years) 45.0 ± 6.40 48.0 ±7.12 46.0 ± 5.61 

Weight (kg) 78.8 ± 4.85 80.6 ±7.91 81.3 ± 8.15 

Height (cm) 158.1 ± 16.51 161.0 ± 9.66 160.3 ±12.08 

Fasting blood   

glucose (mmol/L) 

3.87± 0.25 12.67 ± 2.98 13.12 ± 2.02 

 

Table 2: Concentrations of trace metals in the sera of diabetic patients resident in Abakaliki, 

South East, Nigeria 

Groups 

 

Zinc 

(µg/dl) 

Calcium 

(mg/dl) 

Copper 

(µg/dl) 

Magnesium 

(mg/dl) 

Lead 

(µg/dl) 

Control 91.11 ± 3.67 4.96 ±0.51 99.72 ±2.36 2.10 ±1.24 21.0± 5.11 

IDDM 71.35 ± 4.01 3.04 ±3.11 121.05 ±1.66 1.30 ±0.98 30.00 ± 2.55 

NIDDM 50.91 ± 3.42 2.33 ±2.24 133.14 ±2.08 0.40 ±0.31 38.00 ±3.02 

 

It is a co-factor in the glucose transport system of 

hepatocyte plasma membranes and it also 

regulates hepatocyte mitochondrial functions 

(Srivastava et al., 1993). Reports have also shown 

that magnesium also plays a role in the release of 

insulin, the maintenance of the pancreatic β-cell 

cycle, as well as increasing the affinity and 

number of insulin receptors (Elamin and Tuvemo, 

1990).  

Magnesium depletion has been reported 

to have atherogenic potential. Hypomagnesaemia 

has been postulated as a possible risk factor in 

the development and progression of diabetic 

retinopathy (McNair et al., 1978; Zarger et al., 

2002). Studies have shown that patients with 

myocardial infarction had reversal of abnormal 

lipoprotein patterns to normal on administration 

of magnesium (Seelig and Heggtyeit, 1974). 

Pham et al. (2009) reported that the lower serum 

magnesium levels observed in type II diabetics 

could be associated with more rapid decline in 

renal function in such patients. 

The higher levels of copper and lead in 

the sera of both types of diabetes noted in this 

study are consistent with the findings of Akinloye 

et al. (2010) and Abou-Seif and Youssef (2004). 

The increased levels of copper ions observed in 

diabetes mellitus might be attributed to 

hyperglycaemia that may stimulate glycation and 

release of copper ions from copper-containing  

 

enzymes. This argument has been supported by 

Lin (1996) who reported elevation in the 

concentrations of both lenticular copper ions and 

the protein-unconjugated copper ions than that of 

protein conjugated copper ions. According to Lin 

(1996), this increase resulted in the decrease in 

the reactivity of copper-containing enzymes such 

as superoxide dismutase and ceruloplasmin in the 

lens of diabetic patients.  

It has been speculated that higher levels 

of lead in the blood of diabetics may be a 

contributory factor to the decline in renal function 

noted in these patients. Many studies have 

associated high blood lead levels to decline in 

kidney function (Staeseen et al., 1992; Tsaih et 

al., 2004). Again, since one of the signs of lead 

toxicity is impaired renal function and one of the 

most prominent complications of diabetes mellitus 

is kidney damage (Mailloux, 2007), it is likely that 

the higher blood lead observed in diabetic 

patients may be associated with the kidney 

damage complication of diabetes mellitus. Studies 

have also demonstrated toxic effects due to 

exposure to lead and have suspected high blood 

lead levels as a contributory factor to the 

progression of diabetic complications in diabetic 

patients (Tsaih et al., 2004). 

  Studies have shown that the toxic effects 

due to lead can be reduced by the presence of 

other trace metals. Micronutrients such as zinc 
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and calcium affect lead toxicity by interacting with 

lead at its primary site of action (Peraza et al., 

1988; Bogden et al., 1992; Babalola et al., 2007). 

Zinc for instance has been reported to influence 

both tissue accumulation of lead and susceptibility 

to lead toxicity (Dioka et al., 2004). Available 

evidence suggests that as dietary zinc increases, 

lead absorption and its subsequent toxicity 

decreases (Peraza et al., 1988; Dioka et al., 

2004). Therefore, the impairment in renal function 

attributed to the high levels of lead in the blood of 

the diabetics can be decreased by increasing the 

available of these micronutrients in the diet. 

Foods such as fish, cereals, fruits and vegetables 

are known to be rich in these micronutrients.  

In conclusion, this study has shown that 

there is disturbed trace metals metabolism in 

diabetes mellitus. Abnormalities in the metabolism 

of trace elements may induce the secretion of 

pancreatic amylase, another diabetic complication 

in diabetes mellitus. The findings in this study 

suggest that increased concentrations of lead and 

copper and decreased levels of zinc, calcium and 

magnesium may be a contributory factor to the 

pathogenesis and progression of diabetes 

mellitus.   
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