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Abstract

Background and Objectives: Type 1 diabetes is a metabolic disorder in glucose
metabolism. Poor glycemic control in type 1 diabetes mellitus (T1DM) commonly
leads to oxidative stress and further diabetic complications. Trace elements, such
as magnesium (Mg), zinc (Zn), and copper (Cu), play a role in the process of lipid
peroxidation, pathogenesis, and exacerbation of diabetic complications. The
present study aimed to investigate trace elements in children and adolescents with
type 1 diabetes in Golestan province in 2022.

Materials and Methods: This case-control study was conducted on 26 children with
type 1 diabetes and 26 non-diabetic children. After 12 hours of overnight fasting, 2 ml
of venous blood was taken from the samples. Data were analyzed in SPSS software
(version 18) using chi-score and logistic regression tests at a significance level of 0.05.
Results: The serum level of zinc was lower than the normal level in 42.3% of children
with diabetes and 15.4% of the non-diabetic group. Moreover, the serum levels of
copper and magnesium were lower than normal in 7.7% and 11.5% of children with
diabetes, respectively. Body mass index, gender, and duration of diabetes
demonstrated no significant relationship with zinc, copper, and magnesium levels.
Conclusion: Having type 1 diabetes causes a decrease in serum levels of zinc and
copper in children. According to body mass profile, gender and duration of
diabetes are not associated with this serum reduction.
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Extended Abstract

Background and Objective

Type 2 diabetes is a chronic metabolic disorder
caused by pancreatic beta-cell destruction. Poor
glycemic control in type 1 diabetes leads to
oxidative stress, more free radicals, and
complications.  Trace elements, such as
magnesium, zinc, and copper, play a key role in
lipid peroxidation and are also involved in the
pathogenesis and exacerbation of diabetic
complications. The trace elements in the body
perform various roles, including participating in the
peroxidation of fats and protecting the body against
oxidants.

A change in the levels of certain elements, including
selenium, zinc, copper, and magnesium, can lead to
complications in diabetic patients. Zinc is crucial for
glucose metabolism and plays a role in the synthesis,
storage, and secretion of insulin. Magnesium is vital
for glucose metabolism, and its deficiency is
involved in insulin resistance, carbohydrate
intolerance, dyslipidemia, and complications of
diabetes. Previous studies have reported that copper
serum levels in diabetic children are related to
macroangiopathy,  hypercholesterolemia,  and
hypertension. Nonetheless, copper deficiency may
play a role in glucose intolerance in type 1 diabetes.
There is a dearth of studies on trace elements in
children and adolescents with type 1 diabetes in
Golestan province. Therefore, considering the
significance of this issue, the present study aimed to
investigate the deficiency of trace elements in this
group in 2021-2022.

Materials and Methods

This case-control study was conducted at Taleghani
Children's Hospital in Gorgan from 2021-2022.
The study included children with type 1 diabetes
whose diagnosis of diabetes was confirmed by a
pediatric endocrinologist as the case group. The
control group comprised non-diabetic children
who were referred to the general clinics of
Taleghani Hospital and Endocrine Clinic for a
checkup with the indication of blood sampling and
had no history of diabetes.

The inclusion criteria entailed diabetic patients
aged 4-16 who were followed up in the pediatric
endocrinology clinic. Children who had diabetes
and displayed complications, such as retinopathy
or nephropathy, or those with chronic diseases,
such as renal impairment or Wilson's disease,
were excluded from the study. In addition,
children who had taken zinc and copper
supplements within the past six months or had
received parenteral nutrition or antioxidants in the
past month were also excluded.

The study required a total of 52 participants, with
26 in each group, consisting of 13 males and 13
females, estimated at a 95% confidence level and
80% test power. Two milliliters of venous blood
were drawn from each participant, and the serum
was separated and stored in an Eppendorf tube at -
20°C. The serum levels of copper, zinc, and
magnesium were then measured using a direct
colorimetric method. Data analysis was performed

in SPSS software (version 18) using descriptive
statistics, chi-score tests, Fisher's exact test, and
logistic regression to investigate the relationship
between variables related to type 1 diabetes. In this
study, P< 0.05 was considered a significant level.

Results

In this study, we measured the serum levels of trace
elements in children with diabetes and compared
them to a control group using the chi-score and
Fisher's exact test. The results demonstrated that
42.3% of children with diabetes had lower-than-
normal levels of zinc, compared to 15.4% in the
control group. Although this difference was not
statistically significant, it suggests that diabetes may
affect zinc metabolism. In addition, 11.5% and 7.7%
of children with diabetes had lower-than-normal
levels of copper and magnesium, respectively.
Nonetheless, there was no significant difference in the
levels of these trace elements between the two groups.
Boys had a higher frequency of normal and high
levels of copper, zinc, and magnesium in their
serum levels than girls. However, there was no
significant difference in the levels of these minerals
between girls and boys with and without diabetes.
It was observed that patients with diabetes who had
been diabetic for more than five years had lower-
than-normal levels of zinc, copper, and magnesium
in their serum. Nonetheless, there was no
significant difference in the serum levels of these
elements based on the duration of diabetes.

Discussion

The results of the present study showed that the
serum level of iron in diabetic children is lower
than non-diabetic children. The two groups did
not have a statistically significant difference in
this regard. In a study conducted by Lin et al.
(2016) and another study conducted by Shiva et
al. (2013), no significant difference in serum iron
levels between diabetic and non-diabetic
individuals was observed. The present study
showed that age has a significant and inverse
effect on iron deficiency in children when gender
and body mass index are controlled; therefore,
differences in average age in different studies may
be a reason for conflicting results.

The serum level of magnesium was 7.71% and
copper was 5.11% lower in diabetic children
compared to non-diabetic children; however, this
decrease was not statistically significant. Ozins et
al. (2015) also found that there is no relationship
between serum copper levels and diabetes.

Some studies, contrary to the results of the present
study, have shown that serum levels of magnesium
and copper decrease in diabetic children and the
serum level of these elements in diabetic children
has a statistically significant difference compared to
non-diabetic individuals. Contradictory results from
different studies may be due to differences in
nutritional status, duration of diabetes, blood sugar
control status, underlying diseases, environmental
factors, genetics, and different dietary behaviors
among different regions and races, which may affect
the levels of trace elements such as copper, iron, and
magnesium.




Conclusion

As evidenced by the results of the present study,
the serum levels of zinc, magnesium, and copper
are lower in diabetic children than in non-
diabetic children. However, considering the

conflicting results of the studies conducted on the
effect of diabetes on the serum level of zinc,
copper, and magnesium, it seems necessary to
conduct more and more extensive studies to
clarify this issue.
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