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Abstract: 
Magnesium and some trace elements known to act as antioxidants or to be related directly to glucose 
metabolism may be altered in diabetes mellitus. The aim of the present work is to study the state of these 
elements in relation to disease duration, control and complications. 
 The study included 25 children with type 1 diabetes and 13 apparently healthy controls studied for serum 
magnesium, zinc, copper and blood HbA1c. Serum magnesium, zinc and copper were significantly lower 
in diabetic children than in controls. Serum magnesium was significantly lower in cases with longer 
duration of disease (>5years). Serum magnesium level negatively correlated with the duration of 
diabetes. Serum zinc was significantly lower in uncontrolled than in controlled and in complicated than in 
uncomplicated cases. Serum zinc level correlated negatively with the degree of disease control (HbA1c). 
It is to be concluded that serum magnesium, zinc and copper are deficient in diabetic children. This 
deficiency may be related to disease control and/or complications. Supplementation of diabetic children 
with these nutrients may help in control of the disease and its complications. 
 
Introduction:  
Diabetes mellitus is a heterogeneous disease 
characterized by an absolute or relative deficiency of 
insulin as well as insulin resistance. Trace element 
status may be altered in diabetic patients.1 Locally 
produced reactive oxygen intermediates (ROI’s) are 
involved in the effector mechanism of pancreatic β 
cell destruction2  and they are known to disrupt the 
antioxidant enzymes by releasing trace elements.3,4 
Some trace elements like copper and zinc may act 
as antioxidants and prevent membrane peroxidation, 
others e.g. magnesium act directly on glucose 
metabolism through its role as a cofactor in the 
phosphorylation of glucose.5 Previous studies,6-9 
reported derangements of these metals in diabetic 
patients with cardiovascular complications. 
The present study aims at evaluating the changes of 
serum magnesium, zinc and copper in children with 
type 1 diabetes in relation to the disease duration, 
control and complications.   

Subjects and Methods: 
This study included 25 children with insulin 
dependent diabetes mellitus (14 males and 11 
females, mean age 10.5±3.7 years). Also, 13 
apparently healthy children (7 males and 6 females, 
mean age 10.2±3.4 years) were enrolled in the study 
as controls. Consent was taken from the parents to 
enroll their children in the study. All patients were 
recruited from the emergency unit of the pediatric 
department, Assiut University Hospital. Controls 

were coming for clinical evaluation and blood count 
before some minor operations. Full history and 
clinical examination were done. A part of blood 
samples obtained for the initial need of patients and 
controls was utilized for the biochemical 
determinations of the present study.  
Serum zinc determination: 
It was done colorimetrically without deproteinization 
by using the kits of SENRINEL CH. Milan, Italy. 
Principle: Zinc, in a pH 8.6 buffer system, forms with 
complexant 5-Br-PAPs, a stable colored complex, 
the color intensity of which is proportional to the 
amount of zinc in the sample. The interferences, due 
to oligoelements present in the sample, are 
eliminated using particular reaction and specific 
masking agent.  
Serum copper determination: 
It was done colorimetrically without deproteinization 
by using the kits of SENRINEL CH -Milan, Italy. 
Principle: Copper, liberated in a pH 4.7 buffer system 
from ceruloplasmin, to which the metal is bound, 
forms specific complexant 3.5-DiBr-PAESA a stable 
colored chelate, the color intensity of which is 
proportional to the amount of copper in the sample. 
Serum magnesium determination: 
It was done by direct colorimetric method with xylidil 
Blue-1. 
Principle: Magnesium ions form, with xylidil blue-1, in 
a hydro-alcoholic solution, a blue-violet colored 
complex, the color intensity of which is proportional 
to the amount of magnesium in the sample.  
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Glycosylated hemoglobin (HbA1c) determination: 
One cubic milliliter of blood in heparinized tube was 
used. Ion exchange chromatography kits supplied by 
BIOMEDI Toulouse-France were used. 
Principle:  After preparing the hemolysate, where the 
labile fraction is eliminated, hemoglobins are 
retained by a cationic exchange resin. HbA1C is 
specifically eluted after washing away the HbA1a+b 
fraction and is quantified by direct photometric 
reading at 4/5 nm. 

                   
               HbA1C % =      A(HbA1c)          X  100              
                                  3 x A (HbA1a+b) 
where A= Absorbance 
Normal value 4.2-6.2% (Blisse and Abraham 1985).10 

Statistical Analysis: 
This was done by using student t-test. Values were 
expressed as mean±standard deviation. Pearson 
correlation coefficient was used for numeric and 
homogenous parameters. P value <0.05 was 
considered significant. 

Results: 
Table I :Some descriptive clinical criteria of children with 

 type 1 diabetes. 
Character Number % 

• Duration > 5 years 18/25 72 
• Duration < 5 years 7/25 28 
• Females 11/25 44 
• Males 14/25 56 
• History of mumps 8/25 32 
• Family H of diabetes 9/25 36 
• Diabetes control: 
      - Controlled (HBA1c<9%) 

 
12/25 

 
48 

      - Uncontrolled (HbA1c >9%) 13/25 52 
• Uncomplicated cases 16/25 64 
• Complicated cases 9/25 36 

   * Neuropathy 2/9 22.22 
   * Nephropathy 2/9 22.22 
   * Hypertension 1/9 11.11 
   * Cataract and  vitreous hge 1/9 11.11 
   *  Goitre 1/9 11.11 
   *  Dermatitis  1/9 11.11 
   * Palpitation 1/9 11.11 

 
Table I shows some pertinent descriptive clinical 
criteria of children with IDDM. Table II shows 
comparison of serum magnesium, zinc, copper and 
HbA1c in diabetic cases and controls. 
 
Table II: Serum magnesium, zinc, copper and HbA1c in 

diabetic  cases and controls. 

Group 
Magnesium  

mg/dl 
Zinc 
μg/dl 

Copper 
μg/dl 

HbA1c 
% 

Diabetics 
(n= 25) 

1.96 
±0.26 

103.28 
±15.74 

74.56 
±9.15 

9.26 
±3.65 

Controls 
(n= 13) 

2.22 
±0.22 

129.55 
±31.48 

166.10 
±38.54 

5.18 
±0.64 

P <0.01 <0.05 <0.001 <0.001 

Table III: Serum magnesium, zinc, copper and HbA1c in IDDM  
cases in relation to duration of disease. 

 
Group 

Magnesium  
mg/dl 

Zinc 
μg/dl 

Copper 
μg/dl 

HbA1c 
% 

IDDM cases  
duration >5ys  
(n=18) 

1.87 
±0.18 

 

102.09 
±18.17 

74.12 
±8.87 

9.49 
±3.74 

IDDM cases  
duration <5 ys  
(n=7) 

2.20 
±0.28 

106.33 
±6.35 

75.69 
±10.47 

8.66 
±3.61 

P 0.01 N.S N.S N.S 
 

Table III shows comparison of serum magnesium, 
zinc, copper and HbA1c in diabetic children in 
relation to duration of disease.  
 
Table IV: Serum magnesium, zinc, copper and HbA1c in IIDDM 

cases <5 years of disease duration and  controls. 

Group 
Magnesium 

mg/dl 
Zinc  
μg/ dl 

Copper  
μg/ dl 

HbA1c 
% 

IDDM <5 years 
of dis. duration 
(n=7) 

2.20 
±0.28 

106.33 
±6.35 

75.69 
±10.47 

8.66 
±3.61 

Controls 
 (n=13) 

2.22 
±0.22 

129.55 
±31.48 

166.10 
±38.54 

5.18 
±0.64 

P N.S <0.05 <0.001 <0.05 
 

Table V: Serum magnesium, zinc, copper and HbA1C in IDDM 
children >5 years of diagnosis versus controls. 

Group 
Magnesium 

mg/dl 
Zinc  
μg/dl 

Copper  
μg/dl 

HbA1c 
% 

IDDM  
of5years > 

dis. duration 
(n=18) 

 
1.87 
±0.18 

 
102.04 
±18.17 

 
74.12 
±8.87 

 
9.49 
±3.74 

Controls 
(n=13) 

2.22 
±0.22 

129.55 
±31.48 

166.10 
±38.54 

5.18 
±0.64 

P <0.001 <0.01 <0.001 <0.001 
 

Tables IV and V show serum magnesium, zinc, 
copper and HbA1c in IDDM cases <5years and > 5 
years of disease duration in comparison with 
controls.  
 

Table VI: Serum magnesium, zinc, copper and HbA1c in 
controlled  versus uncontrolled IDDM cases. 

 IDDM  
Group 

Magnesium 
mg/dl 

Zinc  
μg/dl 

Copper  
μg/dl 

HbA1c 
% 

Controlled (n=12) 
(HbA1c<9%) 

2.03 
±0.24 

110.68 
±17.70 

77.86 
±9.29 

5.99 
±0.27 

Uncontrolled (n=13) 
(HbA1c>9%) 

1.899 
±0.27 

96.44 
±10.13 

71.52 
±8.26 

12.27 
±2.46 

P N.S <0.05 N.S <0.001 
 

Table VII: Serum magnesium, zinc, copper and HbA1c in 
complicated versus uncomplicated IDDM cases. 

IDDM 
 Group 

Magnesium 
mg/dl 

Zinc  
μg/dl 

Copper  
μg/dl 

HbA1c 
% 

Complicated 
IDDM  (n=9)

1.92 
±0.27 

94.24 
±11.09 

70.62 
±9.73 

13.62 
±1.42 

Uncomplicated 
IDDM (n=16) 

1.99 
±0.26 

108.36 
±15.94 

76.78 
±8.299 

6.80 
±1.52 

P N.S <0.05 N.S <0.001 
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Table VI shows comparison of serum magnesium, 
zinc, copper and HbA1c in controlled versus 
uncontrolled IDDM cases. Table VII shows the 
studied parameters in complicated versus 
uncomplicated IDDM cases.  
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Fig. 1. Correlation between disease duration and serum magnesium level

r = -0.596 p < 0.01

 
 
Figure 1 shows the significant negative correlation 
between serum magnesium level and known 
duration of diabetes (r=-0.596, p<0.01).  
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Fig. 2. Correlation between HbA1c and serum zinc in diabetic patients

r = -0.421 p < 0.05

 
 
Figure 2 shows the significant negative correlation 
between disease control (HbA1c) and serum zinc 
levels (r= -0.421, p<0.05).  

Discussion: 
The interrelationship between diabetes and various 
minerals is characterized by a high degree of 
reciprocity. Chronic uncontrolled hyperglycemia can 
cause significant alterations in the status of these 

nutrients, and conversely some of these substances 
can directly modulate glucose homeostasis.11  
In the present study, as regards serum magnesium, 
children with type 1 diabetes showed significantly 
lower levels than controls (P<0.01). Patients with 
disease duration after diagnosis ≥5ys showed 
significantly lower serum magnesium level than 
those less than 5 years and than controls (P<0.01 
and P<0.001 respect). Such a difference was not 
noticed on comparing cases less than 5 years of 
disease duration and controls. These findings are 
consistent with others,7,12,13 who found serum and 
plasma magnesium to be lower in diabetic patients 
than in controls. Magnesium levels may decrease 
due to urinary loss by osmotic action, glucosuria and 
hyperglycemia. Jain and his colleagues,14 in 1976, 
showed that hypomagnesemia is common among 
diabetics and is due to glucosuria causing excessive 
urinary loss of magnesium. Also, Isbir et al.,15 in 
1994, reported that insulin dependent diabetic 
patients showed significantly lower magnesium 
levels than controls (P<0.01). In line with our results, 
Ewald et al.,16 in 1983, found an inverse correlation 
between serum magnesium levels and duration of 
diabetes in children.  
Magnesium is important in maintaining the electrical 
potential in nerve and muscle membranes and is 
also involved in glucose homeostasis. It is a cofactor 
in various enzymatic pathways involved in glucose 
oxidation.17 Mooradian and Morley,11 in 1987, 
reported that magnesium imbalance has been 
implicated in diabetes mellitus both as a cause and a 
consequence. 
In the present study, serum zinc was significantly 
lower in diabetic children than in controls regardless 
of the duration after diagnosis. It was significantly 
lower in uncontrolled than in controlled and in 
complicated than in uncomplicated cases. Serum 
zinc correlated negatively with glycohemoglobin 
(HbA1c). In line with our results, Isbir et al,15 in 1994, 
reported that serum zinc is significantly lower in 
patients with insulin dependent diabetes mellitus 
(IDDM) than levels measured in matched controls. 
Also, Quilliat et al.,18 in 2001, reported that diabetes 
due to chronic pancreatitis was associated with 
decreased plasma zinc concentration. Furthermore, 
Sitasawad et al.,1 in 2001, showed that zinc was 
deficient in serum, leukocytes and hemoglobin of 
IDDM subjects than in controls.  
Zinc is an essential constituent of enzymes in many 
major metabolic pathways and is found in nucleic 
acids and bone. The role of zinc in carbohydrate 
metabolism has been the subject of considerable 
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interest. Approximately 0.5% of crystalline insulin is 
zinc.  
Zinc deficiency has been associated with reduced 
insulin secretion and increased tissue resistance to 
insulin action.19 Also, zinc enhances the binding of 
insulin to hepatocyte membranes20 and potentiates 
the lipogenic effect of insulin in adipocytes.21 Severe 
zinc deficiency may cause glucose intolerance, but 
its role in the pathogenesis of diabetes is not 
proven.22 The lower serum zinc in diabetic subjects is 
probably the result of diabetes related hyperzincuria 
and impaired intestinal absorption of zinc.23 
Mocchegiani et al.,24 in 1989, reported that IDDM 
subjects have reduced levels of thymulin which is a 
biomarker of zinc biological activity.    
As regards serum copper level in this study, it was 
significantly lower in diabetic children than in controls 
regardless of the duration of diabetes (P<0.001) and 
these levels are not affected by the state of control or 
complications of diabetes. These data are in line with 
Williams et al.,25 in 1995, who proved that copper 
and zinc were reduced in diabetic children providing 
evidence of a role of these antioxidants in this 
disease. Sjogren et al.,26 in 1986, reported that 
skeletal muscle content of copper in type 1 diabetes 
may be reduced. Craft and Failla,27 in 1983, and Lau 
and Failla,28 in 1984, found that in streptozocine-
induced diabetic rats, intestinal copper absorption 
and urinary excretion are increased which is 
reversed by insulin therapy.  
Conversely, our results are inconsistent with those of 
Noto et al.,29 in 1983; Walter et al,9 in 1991 and 
Zargar et al,30 in 1998 who reported hypercupremia 
in diabetic patients compared to controls. However, 
they relate this hypercupremia to older age and to 
use of contraceptives by some diabetic women 
studied or to disease complications such as 
retinopathy and hypertension.  
It is noteworthy that in the present study, all children 
are below eleven years of age and only one patient 
showed hypertension and another one showed 
vitreous hemorrhage. To the best of our knowledge, 
the pathogenetic implications of the reported 
hypercupremia are not clear because copper 
deficiency, not excess, is associated with elevated 
serum cholesterol levels.31 Furthermore, copper may 
be consumed in the oxidation-reduction reactions 
because it has a dominant role in diverse proteins 

such as cytochrome oxides, superoxide dismutase 
and cerulopasmin.22                                                                                  
Glycohemoglobin (HbA1c) is significantly higher in 
diabetic children than in controls and is not affected 
by the duration of diabetes. It is also significantly 
higher in uncontrolled than in controlled and in 
complicated than in uncomplicated cases (P<0.001 
for each, tables VI and VII).  
HbA1c represents the fraction of hemoglobin to 
which glucose has been non-enzymatically attached 
in the blood stream32 and is a reliable index of long 
term control of diabetes. Its measurement reflects 
the average blood glucose in the preceding 2-3 
months, consequently, as an indicator of long term 
glycemic control. Sperling 32 in 2000, reported that 
the more consistently low the HbA1c level, the better 
the metabolic control and the less severe and 
delayed onset of the microvascular complications.  
In the present study, HbA1c was 5.18±0.64% in 
healthy subjects, 5.99±0.27% in controlled diabetics 
and 12.27±2.46% in uncontrolled diabetics. This is in 
line with Behrman and his colleagues,32 in 2000, who 
reported that in healthy individuals, HbA1c is less 
than 7%, while values of 6-9% represent good 
metabolic control, values 9-12% represent fair 
control and values >12% signify poor control. Also, 
HbA1c is negatively correlated with serum zinc levels 
(r=-0.421, P<0.05. fig. 4). In line with this, Holecek et 
al.,33 in 1995, reported that exogenous multivitamin 
and zinc raise plasma zinc, decrease HbA1c and 
reduce the probability of diabetic complications.         
Conclusions:  
1. Serum magnesium, zinc and copper are 

deficient in diabetic children. 
2. Magnesium deficiency is more pronounced with 

longer duration of the disease.  
3. Zinc deficiency is more pronounced in 

uncontrolled and complicated cases. 

Recommendations:  
Supplementation of children with type 1 diabetes 
with some micro-and macronutrients may help in 
control of their blood sugar and in decreasing  
diabetic complications.  
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