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Background: The early imbalances of trace elements in type 1 diabetes (T1D) may cause 

disturbance of glucose metabolism and more oxidative stress that may enhance the develop-

ment of insulin resistance and diabetic complications. We aim to evaluate the serum level of  

selenium (Se), zinc (Zn), magnesium (Mg), and copper (Cu), the degree of oxidative stress and 

evaluate their relations to glycemic control in children with T1D. 

Methods: A case–control study which included 100 diabetic children and 40 healthy children 

age, sex, and ethnicity-matched as a control group. The diabetic children were divided into poor 

and good controlled patients according to glycosylated hemoglobin (A1c %). Studied children 

underwent history taking, clinical examination and laboratory measurement of serum Se, Zn, Mg, 

and Cu levels, erythrocyte reduced glutathione (GSH) and peroxidase enzyme activity (GPx). 

Results: Serum Se, Zn, Mg, Cu, erythrocyte GSH, and GPx were significantly lower in the 

diabetic group in comparison to the control group (P<0.05) and their levels were lower in poorly 

controlled patients compared to good controlled patients (P<0.05). The serum Se, Zn, Mg, 

erythrocyte GSH, and GPx showed a negative correlation with A1c %. The serum Se showed 

a positive correlation with erythrocyte GSH and GPx ([r=0.56, P<0.001], [r=0.78, P<0.001], 

respectively). 

Conclusion: Children with T1D, especially poorly controlled cases, had low serum Se, Zn, 

Mg, Cu, GSH, and GPx. Low serum Se in diabetic children may affect the erythrocyte GSH-

GPx system. 
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Introduction
Diabetes mellitus (DM) is a metabolic disorder of impaired glucose metabolism. Poor 

glycemic control in type 1 diabetes (T1D) usually leads to more oxidative stress, increased 

production of oxygen-free radicals and more diabetic complications. The trace elements 

like selenium (Se), zinc (Zn), and copper (Cu) are involved in the process of lipid per-

oxidation and play an important role in the pathogenesis and exacerbation of diabetic 

complications.1 Zn is very important for glucose metabolism and plays a key role in the 

synthesis, storage, and secretion of insulin.2 Magnesium (Mg) is important for glucose 

metabolism and its deficiency has been implicated in insulin resistance, carbohydrate 

intolerance, dyslipidemia and complications of diabetes.3 Se has an antioxidant effect 

and plays an important role in the protection against oxygen free radicals.4 Se enters 

in the structure of selenocysteine which is an important part of the structure of several 

glutathione peroxidases (GSH-GPx) present in different tissues. Reduced glutathione 
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(GSH) is considered as the most important antioxidant that 

prevents oxidative damage of the cell membrane by free 

radicals.5 Elevated serum Cu level in diabetic children has 

been reported before to be associated with macroangiopa-

thy, hypercholesterolemia, and hypertension. However, Cu 

deficiency might be a contributor to the glucose intolerance 

in T1D.6 Zn and Cu are considered the most important cofac-

tors for the action of superoxide dismutase antioxidant.7 The 

aim of our study was to evaluate the serum level of trace 

elements Mg, Se, Zn, and Cu, assess the degree of oxida-

tive stress and evaluate their relations to glycemic control in 

children with T1D.

Subjects and methods
This case–control study was conducted at Zagazig Pediatric 

Endocrinology Outpatient Clinic during the period from 

March 2016 to December 2016. Subjects were divided into 

a Diabetic group which included 100 children with T1D 

who were all confirmed serologically based on autoantibody 

positivity, and a Control group which included 40 healthy 

children who were age, sex, and ethnicity-matched and who 

were not suffering from any chronic illness, not taking any 

medication and came for mild acute illness to outpatient 

clinics. Patients with T1D were divided into two groups 

according to glycosylated hemoglobin (A1c %) into 75 

poorly controlled patients with A1c % ≥ 7.5 and 25 good 

controlled patients with A1c % < 7.5. Written informed con-

sent was obtained from the children’s guardians and approval 

was provided by the local ethical committee in our Zagazig 

University Hospital.

The inclusion criteria were for diabetic cases aged 

1–18 years, with good nutritional history and were under fol-

low up at the outpatient clinic of the Pediatric Endocrinology 

Unit, Zagazig University Hospital.

The exclusion criteria were for diabetic children with 

complications such as retinopathy or nephropathy, with 

chronic diseases such as renal disorder or Wilson disease, 

cases with supplemental intake of Se, Zn, Mg, and Cu in the 

last 6 months and cases who had received total parenteral 

nutrition or antioxidants in the last month. 

All the subjects underwent the following:   

•	 History taking to evaluate age at onset, duration of the 

disease, type, and dose of insulin and full clinical exami-

nation with measurement of height, weight, and BMI.

•	 Laboratory investigations:

-	 After overnight fasting, 2 mL venous blood samples 

were taken from the patients then the serum part 

was preserved in an Eppendorf tube at –20°C for 

 measurement of serum levels of Se, Zn, Mg, and Cu 

while the erythrocyte part was washed in isotonic 

saline, hemolysis was carried out by adding cold 

distilled water and then centrifuged at 2000× g for 

15 minutes to remove any cellular debris. The hemo-

lysate was used for assessment of erythrocyte GSH 

and GPx levels. 

-	 Serum Zn, Mg, and Cu levels were measured by 

the direct colorimetric method and serum Se was 

measured with Electro-Thermal Atomic Absorption 

Spectrometry.8

-	 Serum Zn present in the sample is chelated by zincon 

(2-carboxy-2-hydroxy-5-sulfoformazyl-benzene) 

in the reagent at alkaline pH. The formation of this 

complex is measured at a wavelength of 610 nm. 

Normal value: 0.7–1.1 mmol/L (1.70–2.70 mg/dL).9

-	 Serum Cu is released from protein by hydrochloric 

acid. The protein is precipitated by trichloroacetic 

acid, Di ethyldi thio carbamate forming a golden 

yellow-colored complex with copper which can be 

extracted by n-butanol. The formation of this complex 

is measured at a wavelength of 440 nm. Reference 

ranges: 12–25 μmol/L.10

-	 Mg ions react in an alkaline medium with the metal-

lochrome dye calmagite to form a chromophore 

which absorbs at 520 nm. Calcium is excluded from 

the reaction by complexing with ethylene glycol  

bis (β-aminomethyl ether)-N,N,N′,N′-tetracetic acid 

(EGTA). The formation of this complex is measured at 

a wavelength of 610 nm. The normal value is 0.7–1.1 

mmol/L.11

-	 Erythrocyte glutathione peroxidase (GPx) activity 

was measured by commercial Ransel kits (Randox 

Laboratories, Crumlin, Northern Ireland, UK)12 and 

erythrocyte reduced glutathione (GSH) levels were 

measured by the method described by Beutler et al.13

-	 Measurement of A1c % by Cobas Integra 6000 

(Hoffman-LaRoche Ltd., Basel, Switzerland). 

-	 Routine laboratory measurement of fasting plasma glu-

cose (FPG), fasting triglycerides and total cholesterol.

Statistical analysis 
Data were checked, entered, and analyzed using SPSS ver-

sion 20. Data were expressed as number and percentage for 

qualitative variables and mean ± SD for quantitative ones. 

The Student’s t-test was used for comparison of means of two 

independent groups. The Chi-square test was used to find 
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the association between row and column variables. Pearson 

correlation coefficient was used to calculate the correlation 

between quantitative variables. The level of significance was 

considered positive if the P-value <0.05.

Results
Our sample of study included 100 children with T1D with 

a mean age of 11.6 ± 2.9, 50% males and 50% females and 

their BMI was 18.5 ± 1.7 compared to 40 healthy children 

as a control group with a mean age of 11.4 ± 2.8, 45% males 

and 55% females and their BMI 18.6 ± 0.7. The duration of 

illness of the diabetic group ranged from 1 to 11 years while 

the mean age was 4.8 years, the insulin dose ranged from 

0.5 to 1.5 unit/kg, 45% of the patients used basal bolus and 

45% were on 3 times per day blood glucose monitoring. No 

significant differences were found between both groups in 

age, sex, BMI, triglycerides, and total cholesterol. The FPG 

was statistically significantly higher in diabetic patients when 

compared to the control group (Table 1). 

Serum Se, Cu, erythrocyte GSH, and GPx were highly 

statistically significantly lower in the diabetic group when 

compared to the control group (P<0.001). Serum Zn and 

Mg were statistically significantly lower in the diabetic group 

when compared to the control group (P<0.05). The A1c % 

was statistically significantly higher in the diabetic group 

when compared to the control group (P<0.001) (Table 2). 

Serum Se, Zn, Mg, Cu, erythrocyte GSH, and GPx were 

highly statistically significantly lower in the poorly controlled 

patients when compared to the good controlled patients 

(P<0.001). Serum Cu was statistically significantly lower in 

the poorly controlled patients when compared to the good 

controlled patients (P<0.05) (Table 3). 

The A1c % had a statistically significant positive cor-

relation with the duration of illness (P<0.001), statistically 

Table 1 Demographics, clinical, and routine laboratory data of the studied groups

Variables Diabetic group
(n=100)

Control group 
(n=40)

t-test P-value

Age (years), mean ± SD 11.6 ± 2.9 11.4 ± 2.8 0.2 0.80

BMI (kg/m2), mean ± SD 18.5 ± 1.7 18.6 ± 0.7 0.1 0.90
Sex: male/female 50/50 18/22 χ²/ 0.03 0.80
Total cholesterol (mmol/L) 4.1 ± 0.7 3.9 ± 0.5 0.2 0.056
Triglycerides (mmol/L) 1.2 ± 0.22 1.2 ± 0.18 0.22 0.066
FPG (mmol/L) 10.6 ± 2.5 4.8 ± 0.8 0.8 <0.001**
Duration of illness (years), mean ± SD 4.8 ± 2.6 (1–11) –

Insulin dose(unit/kg), mean ± SD 1.06 ± 0.2 (0.5–1.5) –
Insulin type 

Premix insulin
Basal bolus

55 (55%)
45 (45%)

–

Daily monitoring by RPG
Once/day
Twice/day
Three times/day

15 (15%)
40 (40%)
 45 (45%)

–

Note: **Highly significant.
Abbreviations: FPG, fasting plasma glucose; RPG, random plasma glucose.

Table 2 Comparison between the diabetic and control groups in the laboratory investigations

Variables Diabetic group
(n=100)

Control group 
(n=40)

t-test P-value

A1c % mean ± SD 8.6 ± 2.2 (6.5–12.2) 5.1 ± 0.4 (4.5–6.0) 9.3 ≤ 0.001**
Cu (ug/dL) mean ± SD 74.6 ± 9.2 (68.8–80.7) 166.1 ± 38.5 (160–173.4) 4 ≤ 0.001**
Mg (mg/dL) mean ± SD 1.96 ± 0.2 (1.5–2.5) 2.2 ± 0.22 (1.9–3.5) 2.8 ≤ 0.05*
Zn (ug/dlL) mean ± SD 103.3 ± 15.7 (94.4–115.6) 129.6 ± 31.5 (115.6–140.3) 2.00 ≤ 0.05*
Se (ng/mL) mean ± SD 16.1 ± 4 (7.6–27.7) 33.7 ± 5.7 (22.8–41.05) 9.5 ≤ 0.001**
GSH (mg/gHb) mean ± SD 1.69 ± 0.6 (0.8–2.8) 2.74 ± 0.46 (2.0–3.6) 7.0 <0.001**
GPx (U/gHb) mean ± SD 23.2 ± 6.4 (16.0–38.0) 32.1 ± 4.4 (25.0–41.0) 6.8 <0.001**

Note: *Significant; **Highly significant
Abbreviations: A1c %; glycosylated hemoglobin; Cu, copper; GPx, glutathione peroxidase; GSH, reduced glutathione; Mg, magnesium, Se, selenium; Zn, zinc.
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significant negative correlation with Se, Zn, Mg, GSH, and 

GPx (P<0.05) and no statistically significant correlation with 

age, BMI, Cu, and insulin dose (P>0.05). 

The duration of illness showed a statistically significant 

positive correlation with the A1c % (P<0.001), statistically 

significant negative correlation with Se, Zn, Mg, GSH, and 

GPx and no statistically significant correlation with age, BMI, 

Cu, and insulin dose (P>0.05). 

The insulin dose showed a statistically significant positive 

correlation with age (P<0.05) and no statistically significant 

correlation with duration of illness, A1c %, Se, Zn, Mg and 

Cu (P<0.05) (Table 4). The serum Se had a statistically sig-

nificant positive correlation with both erythrocyte GSH and 

GPx ([r=0.56, P<0.001] [r=0.78, P<0.001], respectively) 

(Figure 1). Scatter plots between A1c % and the correspond-

ing measurement of serum Se, Cu, Zu, Mg, erythrocyte GSH, 

and GPx are shown in Figure 2.

Discussion
Our study showed that the serum Se, Zn, Mg, and Cu were 

significantly lower in the diabetic group in comparison to 

the control group as shown in Table 2. This agrees with 

Özenç et al who found lower serum Se and Zn and nor-

mal serum Cu levels in children with T1D in comparison 

to controls. They explained the low serum Se level in 

patients with T1D might be due to its consumption by the 

increased activity of the antioxidant GSH-GPx system in 

order to reduce the free radicals produced by increased 

oxidative stress.1

Also, Maher and Shaaban reported lower serum Mg, Zn, 

and Cu in diabetic children than in controls.14 The decrease in 

Mg may be explained by the increased urinary Mg excretion, 

Mg conservation in the loop of Henle and distal tubule by 

insulin, inadequate Mg intake or gastrointestinal disorders.15 

The low serum Cu in T1D may be secondary to excessive 

loss of Cu in the urine.16 

Another study was done by Salmonowicz et al, which 

compared diabetic children to their sibling and to a control 

group. They found comparable levels of serum Se between 

all groups and lower levels of serum Mg and Zn and higher 

serum Cu in children with T1D compared with the control 

and sibling groups.17 The lower serum zinc in T1D cases is 

Table 3 Comparison between poor- and good-controlled diabetics regarding laboratory investigations

Variable Poor control
(A1c ≥ 7.5%)
(n=75)

Good control
(A1c < 7.5%)
(n=25)

t-test P-value

Cu (ug/dL) mean ± SD 70.5 ± 8.2 (68.8–78.8) 77.8 ± 9.2 (74.5–80.7) 2.1 <0.05*
Mg (mg/dL) mean ± SD 1.88 ± 0.2 (1.5–1.99) 2.03 ± 0.24 (1.7–2.5) 5.9 <0.001**
Zn (ug/dL) mean ± SD 95.9 ± 2.4 (94.4–98.7) 110.6 ± 17.7 (101.2–115.6) 8.7 <0.001**
Se (Ng/mL) mean ± SD 15.6 ± 6.1 (7.6–26.4) 24.7 ± 6.5 (20.5–27.6) 5.1 <0.001**
GSH (mg/gHb) mean ± SD 1.35 ± 0.11 (0.8–2.0) 2.5 ± 0.23 (2.4–2.8) 6.8 <0.001**
GPx (U/gHb) mean ± SD 20.0 ± 3.8 (16.0–30.1) 31.7 ± 4.6 (26.5–38) 6.4 <0.001**

Note: *Significant; **Highly significant
Abbreviations: A1c %, glycosylated hemoglobin; Cu, copper; GPx, glutathione peroxidase; GSH, reduced glutathione; Mg, magnesium, Se, selenium; Zn, zinc.

Table 4 Correlation between duration of illness, insulin dose and A1c % with other parameters of the diabetic group

Variables Duration of illness Insulin dose A1c %

r P r P r P

Age 0.4 >0.05 0.5 <0.05* 0.3 >0.05
BMI% 0.03 >0.05 0.1 >0.05 0.1 >0.05
Insulin dose 0.3 0.05 – - 0.3 >0.05
Duration of illness – – 0.3 >0.05 0.7 <0.001**
A1c % 0.7 <0.001** 0.3 >0.05 – –
Cu –0.05 >0.05 0.1 >0.05 –0.07 >0.05
Mg –0.6 <0.05* -0.1 >0.05 –0.6 < 0.001**
Zn –0.2 <0.05* -0.07 >0.05 –0.5 <0.05*
Se –0.80 <0.001** -0.3 >0.05 –0.4 <0.05*
GSH –0.7 <0.001** 0.2 >0.05 –0.7 <0.001**
GPx –0.7 <0.001** 0.2 >0.05 –0.7 <0.001**

Note: *Significant; **Highly significant
Abbreviations: A1c %, glycosylated hemoglobin; Cu, copper; GPx, glutathione peroxidase; GSH, reduced glutathione; Mg, magnesium, Se, selenium; Zn, zinc.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

89

Trace elements and oxidative stress in T1D

probably due to diabetes-related hyper zin-curia and impaired 

intestinal absorption of zinc.14

However, Zargar et al found higher serum Zn level and 

normal serum Cu and Mg levels in T1D.18 Another large 

study done in diabetic adults found increased serum Se, Zn, 

and Cu and decreased serum Mg in diabetic patients than in 

controls.19 Other studies reported either lower levels of serum 

Mg and normal Zn,20 or lower serum Zn and increased serum 

Cu levels,21 or normal serum Zn 22 in T1D in comparison to 

controls. 

The variability of the results in the levels of trace elements 

in different studies may be due to the differences in the sample 

sizes, the age of patients, the surrounding environment, dura-

tion of the disease, ethnicity, nutritional habits and status, and 

glycemic control of the patients under the study.

Oxidative stress parameters (erythrocyte GSH and GPx) 

in our study showed a significant difference between diabetic 

and control groups being lower in the diabetic group as 

shown in Table 2. Previous studies found a low level of GSH 

either in the plasma or in the erythrocytes both in children 

and adults.23–25 The low erythrocyte GSH may be due to 

extensive oxidative stress with over-consumption of GSH,25 

or secondary to the sluggish production of NADPH by the 

pentose phosphate pathway which is stimulated by insulin, 

thus lowering GSH activity and reduced GSH recycle.26

Studies done on serum or erythrocyte GPx activities in 

diabetics were variables, either increased or decreased or nor-

mal GPx activity was reported in children with T1D.23,27–30 The 

decreased GPx activity may be due to low glutathione content 

or enzyme inactivation under severe oxidative stress.24,31 

The diabetic group was classified into two groups accord-

ing to A1c % (7.5 %). Diabetic children were considered 

poorly controlled if A1c % was ≥ 7.5 %. We found a statisti-

cally significant difference between poor and good controlled 

groups in Mg, Zn, Se, Cu, erythrocyte GSH, and GPx being 

lower in the poorly controlled group as shown in Table 3. This 

is in agreement with previous different studies that found 

the same results, but with higher A1c % (≥ 9%) as a cutoff 

value for the poor control of diabetic children in their studies 

and on variable trace elements.7,14.15 The results of our study 

usually occurred due to the poor glycemic control of most 

our patients evidenced by higher mean A1c % level (8.6±2.2) 

than optimum A1c % (less than 7.5%) for good control of 

diabetic children, 75% of the patients had A1c % > 7.5% 

5.00
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Figure 1 A correlation study between serum Se level and erythrocyte GSH and GPx.
Abbreviations: GPx, glutathione peroxidase; GSH, reduced glutathione.
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and higher mean FPS (10.6 ± 2.5) mmol/L. The presence of 

comparable BMI between patients and controls and average 

nutritional history somewhat excludes the nutrition status as 

the main cause for low levels of trace elements in our study.

In the current study, we found that there was a significant 

negative correlation between A1c % and serum Mg, Zn, Se, 

erythrocyte GSH, and GPx, and no statistically significant 

correlation with age, BMI and Cu in the case group as 

shown in Table 4. This agrees with Özenç et al who found 

a negative correlation between the A1c % with serum Se, 

Zn, and erythrocyte GPx and no correlation was detected 

between A1c % and serum Cu.1 Also, Maher and Shaaban 

found that serum Zn, Mg, and Cu levels were negatively 

correlated with A1c %.14 Another study found a negative 

correlation between GSH with FPG and no correlation 

between GPx with FPG.23 

Other studies found a negative correlation between A1c 

% with Mg15 and between A1c % with Se.7 However, Salm-

onowicz et al. revealed a positive correlation between A1c 

% and serum Mg, Cu, and Zn; with a tendency to statistical 

significance with Se (P=0.06).17 Other studies found no cor-

relations between A1c % and serum Zn and Cu20 or between 

A1c % and serum Zn.22 

The duration of illness showed a significant positive 

 correlation with A1c % (P=0.001), a significant negative cor-

relation with serum Se, Zn, Mg, erythrocyte GSH, and GPx 

and no significant correlation with serum Cu, age, BMI, and 

insulin dose as shown in Table 4. In accordance with Maher 

and Shaaban study who found the same results regarding 

serum Mg, Zn, and Cu. They explained the low Cu level with 

prolonged diabetes duration may be due to Cu consumption in 

the oxidation–reduction reactions because it acts as cofactors 

for cytochrome oxidase and superoxide dismutase.14 Insulin 

deficiency and resistance can affect tubular reabsorption of 

Mg and this explains negative correlation between Mg level 

and diabetes duration.32 Other studies found no correlation 

between diabetes duration with serum Se, Zn, or Mg.6,20,22 

In the diabetic group, we found that there was a significant 

positive correlation between insulin dose and age (P=0.01). 

This agrees with Lin et al’s study which found that T1D 

children needed to increase the insulin dose with the increase 

of the age of the child.21
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Figure 2 Scatter plots between A1c % and corresponding measurement serum Se, Cu, Zu, Mg, and erythrocyte GSH and GPx.
Abbreviations: A1c %, glycosylated hemoglobin; Cu, copper; GPx, glutathione peroxidase; GSH, reduced glutathione; HbA1c, hemoglobin A1c; Mg, magnesium,  
Se, selenium, Zn, zinc.
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In our study, the serum Se showed a significant positive 

correlation with the erythrocyte levels of GSH and GPx 

denoting that low Se level affects the GSH-GPx system 

levels and function by altering its role in protecting the cell 

membrane against oxidants. This occurs as Se enters into 

the structure of the GSH-GPx system.5 Sedighi et al found 

low Se and GPx levels in adults with diabetic nephropathy 

and both were correlated with the degree of albuminuria.33 

Conclusion 
Children with T1D especially poorly controlled, had low 

serum Se, Zn, Mg, Cu, erythrocyte GSH, and GPx. The low 

serum Se in diabetic children may play an important role in 

the dysfunction of the GSH-GPx system. We recommend for 

good glycemic control, follow-up of serum trace elements in 

diabetic children and more studies on other trace elements 

and their relation to indicators of oxidative stress. 
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