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Abstract
Background: The human body contains trace levels of minerals and other micronutrients.
Particularly advantageous for physiologic processes, a wide range of biochemical processes,
stabilizing proteins and enzymes, and serving as cofactors for different enzymes. These essential
micronutrients have a major physiological effect and are significantly associated with diabetes.
Cobalt, boron, chromium, copper, Sulphur, iodine, fluoride, selenium, manganese, zinc, and
molybdenum are examples of trace elements. Sodium, potassium, calcium, phosphorus,
magnesium, and iron related to macro elements. The main focus of this review is the effect of
particular minerals and trace elements on childhood insulin-dependent diabetes.
Objective: Our understanding of how minerals and trace elements affect insulin-dependent
diabetes in children will be improved as a result of this review, which is its main goal.
Conclusion: The interaction, development, and outcomes of insulin-dependent diabetes in
children are significantly influenced by minerals and trace elements.
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1. Introduction

Insulin-dependent diabetes mellitus, often
known as type one diabetes mellitus
(T1IDM), affects 5-10% of diabetics
(American Diabetes Association, 2014).
The quantity of b-cells and insulin
production decrease as a result of the
autoimmune destruction of b-cells in the
islet of Langerhans. A few instances of how
autoimmune manifests in TIDM include
islet autoantibodies, insulin autoantibodies,
tyrosine phosphatase IA2 and IA-2b
autoantibodies, and glutamic acid
decarboxylase isoform-65 (GADG65)
autoantibodies. The latter is typically
discovered when T1DM at the early stage of
hyperglycemia (American Diabetes
Association, 2015). Despite the fact that
T1DM can manifest at any age, including in
old age, it is more prevalent in childhood
and adolescence (American Diabetes
Association, 2014).

When we talk about type 1 diabetes, we're
talking about the process of beta-cell
degeneration that can result in it, when
"insulin is essential for survival" to avoid
ketoacidosis, coma, and death (World
Health Organization 2013).

Micronutrients such as minerals and trace
elements, which are essential for human
health but are only present in tiny levels, a
sufficient number of stable cell structures
are maintained by micronutrients, which
have a dual effect for promoting health and
preventing disease (Uurlu et al., 2016).
Micronutrients and trace elements have a
substantial impact on the links between
pathogenic variables and the onset of
diabetes. Compared to people without
diabetes, diabetics may have a higher
concentration of bound minerals, such as
copper, manganese, and iron, in their body
fluids and tissues (Wankhede et al., 2021).
Healthful growth, development, and
physiology depend on trace elements, thus
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experts recommend ingesting 1 to 100 mg of
these minerals daily (Tako et al., 2019).

In contrast to macro elements like calcium,
phosphorus, magnesium, sodium, potassium,
and iron, trace elements include cobalt,
boron, chromium, copper, Sulphur, iodine,
fluoride, selenium, manganese, zinc, and
molybdenum(Siddiqui et al., 2014).

2. A. Macronutrients' impact on insulin
sensitivity DM

2. A.1. Calcium

Numerous biological functions, such as bone
formation, blood clotting, = hormone
responses, cardiovascular balance, and cell
division and development, depend on
calcium (Koeppen et al., 2010).

The ranges for total plasma calcium must be
maintained since only one percent of
calcium is distributed in intracellular fluid(
ICF) and extracellular( ECF) and 99 percent
of calcium is stored in bone. These levels
are from 8.5 to 10.5 mg/dL for total calcium
and 4.65 to 5.25 for ionized calcium (Favus
et al., 2008).

The overall amount of calcium in the body
must be balanced with the calcium that is
taken in by the stomach and the calcium that
is excreted by the kidneys in order to
maintain  healthy calcium homeostasis
(Koeppen et al., 2010).

In order to boost insulin production, calcium
and cyclic AMP are required. a higher
concentration of cytosolic ionized particles,
Calcium ions directly control the
Langerhans islet's ability to produce insulin
in rats, and any changes in calcium flow can
negatively impact the beta-cell secretory
function ( Kratz et al., 2004).

For intracellular insulin-regulated functions
in insulin-responsive tissues including
skeletal muscle and adipose tissue, calcium
is necessary and any decrease in calcium
may cause peripheral insulin resistance by
impairing the performance of the glucose
transporter 4 (GLUT4) and the insulin
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signal's ability to communicate (Pittas et
al., 2007).

Chronic hyperglycemia causes a reduction
in calcium outflow from cells. Increased
calcium input and decreased calcium
outflow maintain an increase in cytosolic
calcium concentrations above the starting
level (Siddiqui et al., 2014).

Glucose is taken in by glucose transporters
and metabolized in the beta-cell through
glycolysis and the tricarboxylic acid (TCA)
cycle to increase ATP generation (Henquin
et al., 2009).

At this point, glucose stimulation causes the
calcium levels in the endoplasmic
reticulum(ER) and mitochondria to rise,
which causes the cytosolic calcium to fall.
There is a significant calcium influx and the
start of insulin synthesis after potassium
channels (KATP-channels) that are ATP-
sensitive are shut down by the following rise
in the ATP-to-ADP ratio. After this first
peak, the second phase reaction continues as
long as blood glucose levels are high,
accelerating the release of calcium and
insulin (Jensen et al., 2008).

The trajectories of glucose-stimulated
calcium (GSCa) and glucose-stimulated
insulin secretion (GSIS) are comparable
because calcium is a strong exocytosis
stimulator (Ramadan et al., 2011).

These findings imply that aberrations in the
latency, direction, and amplitude of the
diphasic GSCa response may be a reflection
of issues with the stimulus-secretion
coupling or other aspects of islet
dysfunction. The pathways and
amplification mechanisms of the Consensus
Model link glucose uptake and metabolism
to insulin exocytosis (Jensen et al., 2008).
2. A.2. Iron

Iron is crucial for several physiological
processes, such as redox equilibrium,
inflammation, energy metabolism, and
environmental sensing. Diabetes and
hyperglycemia are two conditions that have
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been researched in both human and animal
models and have both been associated to
disturbances in iron homeostasis (Wang et
al., 2014).

Diabetes risk is elevated by specific iron
homeostasis-related ~ genetic ~ variations
(Cooksey et al., 2004).

Through altering the synthesis of adenosine
triphosphate (ATP), the stability of hypoxia-
inducible factor-1 (HIF-1), and the
production of reactive oxygen species
(ROS), iron overload in pancreatic islets
decreases cell survival and function.
Reduced adiponectin levels, macrophage-
mediated inflammation, and ROS-mediated
activation of liver kinase Bl/adenosine
monophosphate-activated  protein  kinase
(LKB1/AMPK) are additional factors that
cause insulin resistance brought on by iron
overload ( Zhuang et al.,2014).

Although the exact process by which iron
promotes diabetes is uncertain, three basic
pathways are thought to be in operation. The
greatest method to comprehend the
pathogenic mechanisms underlying iron-
induced diabetes is to comprehend
hemochromatosis in animal models, where it
manifests as 1) an insulin deficit, 2) insulin
resistance, and 3) hepatic dysfunction
(Targher et al., 2007).

Diabetic people is frequently associated with
excess amounts of non-transferrin-bound
iron (NTBI), the iron form most susceptible
to redox activity, even though elevated
ferritin may not reflect elevated body iron
stores or an intracellular labile iron pool that
contributes to oxidant injury. These people
make for 59-92% of those with elevated
ferritin levels (Jehn et al., 2007).

We may infer from research in cell culture,
animal models, and functional human
subjects that iron plays a key role in the
onset of wvascular disease (vascular
reactivity). NTBI boosts the production of
adhesion molecules on the surfaces of
human endothelial cells and monocyte
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attachment to the endothelium reticulum in
cell culture models (Kartikasari et al.,
2004).

Iron may be pathogenic for diabetes and its
side effects, including microangiopathy and
atherosclerosis, according to circumstantial
evidence. To precisely gauge the amount of
free/catalytic iron that causes oxidative
damage,  sensitive  and  trustworthy
measurement techniques must be created
(Targher et al., 2007).

2. A.3. Potassium and Sodium

Numerous body functions, including pH
balance, neuronal signaling, blood clotting,
and muscular contraction, depend on
electrolytes (Siddiqui et al., 2014).
Electrolyte abnormalities brought on by
dehydration, fever, vomiting, renal failure,
and other endocrine problems have been
connected to diabetic complications and
other endocrine disorders (Husain et al.,
2009).

The gradients in sodium and potassium
concentrations  across membranes  are
maintained by the constant Na+/K+-ATPase
pump. A number of DM issues could arise
as a result of changes to this transportation
infrastructure (Siddiqui et al., 2014).

The American Diabetes Association (ADA)
and the International Society for Pediatric
and Adolescent Diabetes (ISPAD) propose
measuring the blood potassium content prior
to beginning insulin therapy in their
consensus statements on the management of
diabetic ketoacidosis (DKA) (Wolfsdorf et
al., 2014).

With severe hypokalemia potentially
interfering with insulin administration, the
suggestions are intended to reduce the risk
of iatrogenic morbidity and mortality
(Liamis et al., 2013).

Pretreatment blood potassium levels are
typically adequate due to the intracellular
shift of potassium that occurs with metabolic
acidosis and insulin insufficiency, even
though a potassium deficit of 3-6mmol/kg is
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anticipated at the outset of DKA (Bialo et
al., 2015).

Due to equilibrium between the osmotic
diuresis brought on by glycosuria, which
tends to raise serum sodium levels, and the
hyperglycemia-induced movement of water
from the intracellular to extracellular
compartment, which tends to lower serum
sodium levels, a person with DKA
experiences fluctuating serum sodium levels
(Liamis et al., 2014).

Insulin is known to enhance sodium-
potassium ATPase activity, or the "Na+/K+-
pump," which turns sodium into potassium
in a 3:2 ratio, in addition to this
hyperosmolality-related impact. With insulin
insufficiency,  different sodium  and
potassium concentrations are found in the
intracellular  and  extracellular  fluid
compartments (Beukhof et al., 2007).
Insulin has a crucial role in controlling
plasma potassium levels as it controls
Na+/K+-ATPase activity and muscle
potassium absorption (Onyiriuka et al.,
2018).

2. A.4. Magnesium

Magnesium deficiency is one of the
micronutrient deficiencies most frequently
associated with diabetes (O'Connell, 2001).
Over 300 enzymes, including those involved
in glycolysis, oxidative energy metabolism,
biosynthesis, bone metabolism,
neuromuscular function, electrolyte balance,
and cell membrane integrity, all depend on
magnesium to function properly.
Additionally, all energy-based transportation
methods require it (Valk, 1999).

Green leafy vegetables, legumes, whole
grains, nuts, seeds, milk, and meat all
contain magnesium (Veronese et al., 2016).
Magnesium 1is essential for the normal
metabolism of macronutrients, cellular
transport mechanisms, intracellular signaling
networks, platelet aggregation, tone and
contractility of vascular smooth muscle,
electrolyte homeostasis, and
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phosphorylation/dephosphorylation
reactions, which is proof that these effects
are multifactorial. There has been evidence
that in people with type 1 diabetes,
measurements of glycemic control and
plasma magnesium levels are at odds with
one another (Siddiqui et al., 2014).

Recent research found reduced magnesium
levels in type-1 diabetics with inadequate
glycemic control. Contrary to other studies,
the current investigation discovered that
type-1 DM patients with microalbuminuria
and clinical proteinuria did not exhibit
severe hypomagnesemia or intracellular
magnesium depletion (Alghobashy et al.,
2018).

Mg status and/or consumption are typically
reduced in diabetic patients, Mg deficiency
is intimately linked to insulin resistance, and
Mg-dependent protein kinases are involved
in both the insulin signaling cascade and the
production of insulin,( Sales et al.,2011).
Children with type 1 diabetes, particularly
those with poor glycemic control, exhibited
low serum magnesium levels. This led to
recommendations for efficient glycemic
control, the monitoring of serum trace
element concentrations in juvenile diabetic
patients, and additional research into other
trace elements and their connections with
oxidative stress markers (Alghobashy et al.,
2018).

2. A.5. Phosphorus

Phosphorus is an element that plays an
essential role in the metabolic process.
When diabetes first makes its appearance,
tissue hypoxia and low levels of high-energy
phosphate may be the outcome of a
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inorganic phosphate (Pi) (Dalili et al.,
2020).

Phosphorus is an essential element for
metabolism because of the significant roles
that phosphorus-containing substances play
in cellular structure, including the cell
membrane and nucleic acids; cellular
metabolism, including the production of
ATP; the regulation of subcellular processes,
including the phosphorylation of essential
enzymes; and acid-base homeostasis,
including urinary buffering (Amanzadeh et
al., 2006).

Although organic phosphates are also
present in plasma, only the inorganic variety
can be isolated at this time. The rate of
oxygen consumption, as well as the behavior
and metabolism of enterocytes, renal tubular
cells, mitochondria, and muscle cells, are all
influenced by pi concentration (Ditzel et al.,
2010).

Patients with diabetes may experience lower
levels of high-energy phosphate as well as
tissue hypoxia as a result of a paradoxical
metabolic imbalance in Pi (Vorum et al.,
2014).

Hypophosphaturia is caused by diabetes
because it depolarizes the brush border
membrane, which is essential for Pi

reabsorption. This results in
hypophosphaturia. Tissue hypoxia, muscle
weakness, neurological issues,

malfunctioning erythrocytes and leukocytes,
and poor cardiac performance are all signs
of low and high plasma inorganic phosphate
levels. This is in contrast to the low and high
levels of unregulated blood sugar, which are
more difficult to detect (Nansel et al.,

paradoxical  metabolic  imbalance in 2013).

Table 1. Summary of rules of macro minerals in insulin dependent DM in children
Element Role Reference
Calcium -Changes in calcium flow can | (Pittas et al.,2007)

impair  beta-cell
activity and disrupt normal
insulin release.

secretory

Iron Elevated iron reserves can | (Wilson et al.,2003)
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cause pancreatic  beta-cell
oxidative damage, impaired
hepatic insulin extraction, and
insulin's inability to control
hepatic glucose production.

Sodium&potassium

Na+/K+ ATPase maintain
sodium and potassium
transmembrane gradients.
Diabetes-related disorders are
linked to this transport
pathway.

( Totan et al.,2002)

Magnesium

- involved in insulin secretion,
binding, and activity.
-Cofactor for glucose-
metabolizing enzymes.
-Increase insulin sensitivity.

(Volpe et al.,2008)

Phosphorus

- Hypophosphaturia is caused
by a depolarization of the
brush  border = membrane,
which is responsible for Pi
reabsorption.

(Nansel et al., 2013).

2. B.Role of micro minerals in insulin
dependent DM in children

2. B.1 Chromium

Normal glucose metabolism requires
trivalent chromium (Cr+3), Glucose
tolerance is increased when experimental
chromium deprivation 1s coupled with
chromium supplementation (O'Connell,
2001).

It could be difficult to identify a chromium
deficiency. Studies on the effects of
chromium on glycemic control,
dyslipidemia, weight loss, body
composition, and bone density have been
conducted (Sarubin A, 2000).

By increasing the number of insulin
receptors, the binding of insulin to the
receptor, and the activation of the receptor in
the presence of insulin, chromium helps
diabetics with dyslipidemia (O'Connell,
2001).

2. B.2. Vandium

There has never been any indication that
humans are lacking in vanadium (Sarubin
et al., 2000).

The biological effects of vanadium could be
affected by its similarity to phosphorus. It
alters the function of phosphatases,
phosphotransferases, and ATPase’s,
indicating that it is a phosphate analogue
(Cam et al., 2000).

Although daily insulin doses decreased,
vanadium had no effect on type 1 diabetes
patients' insulin sensitivity. The supplement
increased kinase activity while lowering
cholesterol, HbAlc, and blood sugar
(O'Connell, 2001).

2. B.3. copper

The trace element copper is essential for the
proper  operation  of  mitochondrial
cytochrome oxidase. Its absence causes
metabolically active tissues, such as
hepatocytes and pancreatic acinar cells, to
exhibit mitochondrial hypertrophy
(Alghobashy et al., 2018).
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In TID, copper deficiency may be a
therapeutic target because it may be
associated with inflammation (Squitti et al.,
2019).

A copper deficit causes increased glucose

sensitivity,  glucose intolerance, and
impaired insulin sensitivity (Kazi et al.,
2008).

2.B.4. Zinc

Is necessary for many human metabolic
enzymes and for the storage of insulin in B-
cells (Alghobashy et al., 2018).

Zn is the second most common trace metal
after iron and is necessary for 300 enzymes
and 1,000 transcription factors (Cherasse et
al 2017).

In order to produce insulin, secrete it,
incorporate zinc into the insulin granules,
and co-secrete it, transporter 8 of zinc
(ZnTB8) is required (Davidson et al., 2014).
Autoantibodies to ZnT8 are present in
patients with type 1 diabetes who also have
beta cells that generate insulin. So Zn
deficiency is considered as a cause of
diabetes (Fukunaka et al 2018). Despite the
fact that zinc and zinc transporter 8 are
known to play a critical role in type 1
diabetes, it is essential to study if the
connections we found are substantial
(Wessels et al., 2020).

Some studies reported that Insulin-treated
type 1 diabetics have higher zinc levels
(Alghobashy et al., 2018).

2. B.5.Selenium

By triggering the endoplasmic reticulum
stress and insulin signaling pathways,
selenium compounds can be used to develop
novel diabetes treatments. To reduce blood
sugar levels and liver damage, selenium
compounds function as molecules similar to
insulin so blood sugar level and liver
damage reduced (Ozenc et al., 2015).

There is a correlation between diabetes and
a lower plasma Selenium level (Laclaustra
et al., 2010).
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Defective antioxidant system, alterations in
the activity of the pancreatic antioxidant
enzymes, and prolonged exposure to low
selenium levels are all factors that have the
potential to contribute to the loss of
pancreatic B cells and the development of
diabetes (Kostolanska et al., 2009).

It is possible for adolescents with type 1
diabetes to have lower Se levels if they have
increased antioxidant activity, which in turn
reduces both free radicals and oxidative
stress (Ozenc et al., 2015).

A recent study came to the conclusion that
getting diet containing selenium on a daily
basis might not be enough to protect human
health (Praveena et al., 2013).

2. B.6. Boron

Often known as vitamin B6, is a trace
element that may be found in many different
foods and 1is vital for proper metabolic
function (Uluisik et al., 2018).

Boron facilitates the production of sexual
hormones, as well as bone growth and
regeneration, the metabolism of vitamin D,
the absorption of calcium and magnesium,
and the healing of wounds, also plays a role
in wound healing (Khaliq et al., 2018).
According to the findings of research, the
levels of insulin in plasma can be affected
by dietary boron (Uluisik et al., 2018).
Bakken and colleagues discovered that rats
lacking boron had significantly elevated
levels of plasma insulin (Bakken, 2003).
Boron therapy lowered abiogenesis-related
genes and proteins by acting on the -catenin,
AKT, and ERK signaling pathways to bring
about the desired result (Dogan et al.,
2017).

Boron therapy protected diabetic rats'
pancreatic beta cells by reducing the
oxidative damage caused by the disease
(Coban et al., 2014).

2. B.7. Iodine

Iodine deficiency inhibits the generation of
thyroid hormones, increasing TSH and
promoting thyroid gland development
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(Subekti et al., 2017). The endoplasmic
reticulum stress and proteins that activate
(pro-apoptotic) cells may be involved in the
relationship between iodine overload and
insulin production and cell survival in islet
cells (Sun et al., 2017).
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Impaired thyroid function may have an
impact on diabetics' ability to control their
blood glucose because of its impact on
energy metabolism, also diabetes increase
risk of thyroid disease (Nederstigt et al.,
2016).

Table 2. Summary of roles of micro minerals in insulin dependent DM in children

Element

Role

Reference

Chromium

A crucial cofactor for insulin's
activity and a component of
the glucose tolerance factor
(GTF), which is responsible
for preserving glucose
homeostasis.

(Siddiqui et al., 2014).

Vanadium

- Has an impact on the
transport of glucose,
glycolysis, glucose oxidation,
and glycogen formation,
among other aspects of
carbohydrate metabolism.

-Principally serves as an
insulin mimicking substance.

(Cam et al., 2000).

Copper

A copper deficit causes
increased glucose sensitivity,
glucose intolerance, and
impaired insulin sensitivity.
Atherosclerosis and excessive
cholesterol are linked to this
condition. Copper promotes
lipogenesis and has properties
comparable to insulin.

(Kazi et al., 2008).

Zinc

It is essential to the process of
how glucose is metabolized.
Cofactor  for intracellular
enzymes involved in the
metabolism of carbohydrates,
lipids, and proteins.

- involved in the formation of
insulin receptors and the
control  of the  signal
transduction pathway started
by insulin receptors.

(Siddiqui et al., 2014).

Selenium

Important as an antioxidant
which inhibit diabetic
comorbidities.

- regulates the production and

(Bleys et al., 2007).
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signaling of insulin receptors.

Boron

Diabetes patients' oxidative | (Coban et al., 2014).

stress is reduced, and insulin
plasma concentrations are
adjusted.

Todine

With regard to insulin | (Chen et al., 2010).

resistance and beta-cell
activity, thyroid stimulating
hormone has a negative
correlation. This is due to an
increase in thyroid stimulating
hormone and the insulin-
opposing actions of thyroid
hormones (TSH).
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Conclusion

The macro elements are the most crucial
minerals for the body. Life requires trace
elements to exist. They are necessary both as
enzyme activators and as enzyme
components. For the onset of diabetes and
its harmful interactions, certain
micronutrients and trace minerals are
crucial. Nutritional management aims to
improve health by lowering the risk of
diabetic complications by keeping blood
glucose levels normal. Diabetes mellitus
alters the concentrations of trace elements,
which can alter the state of a biological
function. We need to exercise, eat well, and
practice meditation because diabetes is on
the rise as a result of our bad lifestyle.
References

e Alghobashy A, Alkholy U, Talat
M, Abdalmonem N, Zaki
A, Ahmed I (2018). Trace elements
and oxidative stress in children with
type 1 diabetes mellitus. Diabetes,
metabolic syndrome and obesity:
targets and therapy, 11: 85-92.

e Amanzadeh J, Reilly RF (2006).
Hypophosphatemia: an evidence-
based approach to its clinical
consequences and management. Nat
Clin Pract Nephrol, 2(3):136-148.

e American Diabetes Association
(2014). Diagnosis and classification
of diabetes mellitus. Diabetes Care,
37(1):81-90.

e American Diabetes Association
(2015).Classification and diagnosis
of diabetes. Diabetes Care, 38(1):8—
16.

e Bakken NA, Hunt CD (2003).
Dietary Boron Decreases Peak
Pancreatic In Situ Insulin Release in
Chicks and Plasma  Insulin
Concentrations in Rats Regardless of
Vitamin D or Magnesium Status. J.
Nutr, 133: 3577-3583.

e Beukhof CM, Hoorn EJ,
Lindemans J, Zietse R (2007).
Novel risk factors for hospital-
acquired hyponatremia: a matched
case control study. Clin Endocrinol
(Oxf), 66:367-372.

e Bialo SR, Agrawal S (2015). Rare
complications of pediatric diabetic
ketoacidosis. World J Diabetes,
6(1):167-174.

e Bleys J, Navas AA, Guallar E
(2007). Serum selenium and diabetes
in U.S. adults. Diabetes Care, 30(4):
829— 834.

e Cam MC, Brownsey RW, McNeil
JH (2000). Mechanisms  of

827



Abdelbaseer et al. (2024)

vanadium action: insulin mimetic or
insulin-enhancing agent.  Physiol
Pharmacol, 78:829-847.

Chen G, Wu J, Lin Y
(2010).Associations between
cardiovascular risk, insulin
resistance, beta-cell function and
thyroid  dysfunction: a  cross-
sectional study in the ethnic minority
group of Fujian Province in China.
European Journal of Endocrinology,
163(5):775-782.

Cherasse Y, Urade Y (2017).
Dietary Zinc Acts as a Sleep
Modulator. Int. J. Mol. Sci, 18(11):
2334-2346.

Coban FK, Ince S, Kucukkurt I,
Demirel HH, Hazman
(2014).Boron attenuates malathion-
induced oxidative stress and
acetylcholinesterase  inhibition in
rats. Drug Chem. Toxicol, 38:391—
399.

Cooksey RC, Jouihan HA, Ajioka
RS, Hazel MW, Jones DL,
Kushner JP, et al. (2004). Oxidative
stress, beta-cell apoptosis, and
decreased insulin secretory capacity
in mouse models of
hemochromatosis. ~ Endocrinology,
145:5305-5312.

Dalili S, Koohmanaee S, Nemati
AR, Hosseini SN, Hassan
AR, Kooti W,et al. (2020). The
Association between Hemoglobin
HbAlc with Serum Inorganic
Phosphate in Children with Type 1
Diabetes. Diabetes, metabolic
syndrome and obesity: targets and
therapy, 13: 3405-3409.

Davidson HW, Wenzlau JM, Brien
O (2014).Zinc transporter 8 (ZnT8)
and B cell functions. Trends
Endocrinol. Metab, 25:415-424.
Ditzel J, Lervang HH (2010).
Disturbance of inorganic phosphate

SVU-1JMS, 7(1):819-8

metabolism in diabetes mellitus:
clinical manifestations of
phosphorus-depletion syndrome
during recovery from diabetic
ketoacidosis. Diabetes Metab Syndr
Obes, 3:319-324.

Do “gan A, Demirci S, Apdik H,
Bayrak OF, Gulluoglu S, Tuysuz
EC, et al. (2017),A new hope for
obesity management: Boron inhibits
adipogenesis in progenitor cells
through the Wnt/B-catenin pathway.
Metabolism, 69: 130-142.

Favas MJ, Goltzman D (2014).
Calcium, Magnesium, and
Phosphate, Laboratory Medicine, 45
(1):44-50.

Fukunaka A, Fujitani Y
(2018).Role of Zinc Homeostasis in
the Pathogenesis of Diabetes and
Obesity. Int. J. Mol. Sci, 19(2): 476-
481.

Henquin JC (2009). Regulation of
insulin secretion: a matter of phase
control and amplitude modulation,
Diabetologia, 52:739-751.

Husain F, Arif MM, Sheikh MA
(2009).Trace elements status in type
2 diabetes, Bangladesh Journal of
Medical Science, 8(3): 52-56.

Jehn ML, Guallar E, Clark JM,
Couper D, Duncan BB, Ballantyne
CM, et al. (2007). A prospective
study of plasma ferritin level and
incident diabetes: the Atherosclerosis
Risk in Communities (ARIC) Study.
Am J Epidemiol, 165:1047-1054.
Jensen MYV, Joseph JW,
Ronnebaum SM, Burgess SC,
Sherry AD, Newgard CB, et al.
(2008).Metabolic cycling in control
of glucose-stimulated insulin
secretion, Am J Physiol Endocrinol
Metab, 295:1287-1297.

Kartikasari AE, Georgiou NA,
Visseren FL, Kats-Renaud H,

828



Abdelbaseer et al. (2024)

Asbeck BS (2004). Intracellular
labile iron  modulates adhesion of
human monocytes to  human
endothelial cells. Arterioscler
Thromb Vasc Biol, 24:2257— 2262.
Kazi TG, Afridi HI, Kazi N
(2008).Copper, chromium,
manganese, iron, nickel, and zinc
levels in biological samples of
diabetes mellitus patients, Biological
Trace Element Research, 122(1): 1-
18.

Khaliq H, Juming Z, Ke-Mei P
(2018). The Physiological Role of
Boron on Health. Boil. Trace
Element Res, 186: 31-51.
Kostolanska J, Jakus V, Barak L
(2009). HbAlc and serum levels of
advanced glycation and oxidation
protein products in poorly and well
controlled children and adolescents
with type 1 diabetes mellitus. J
Pediatr Endocrinol Metab;
22(5):433-442.

Kratz, Ferraro M, Sluss PM,
Lewandrowski KB (2004).
Laboratory reference values, The
New England Journal of Medicine,
351 (15):1548-1563.

Laclaustra M, Stranges S, Navas
AA, Ordovas JN, Guallar E (2010).
Serum selenium and serum lipid in
U.S Adult: national health and
nutrition examination survey
(NHANES) 2003-2004.
Atherosclerosis, 2:643—648.

Liamis G, Liberopoulos E, Barkas
F, Ellisaf M (2014).Diabetes
mellitus and electrolyte disorders.
World J Clin Cases, 2(10):488-496.
Liamis G, Rodenburg EM,
Hofman A, Zietse R, Stricker BH
(2013). Electrolyte disorders in
community subjects: prevalence and
risk factors. Am J Med, 126:256-
263.

SVU-1JMS, 7(1):819-8

Nansel TR, Lipsky LM, Iannotti
RJ (2013). Cross-sectional and
longitudinal relationships of body
mass index with glycemic control in
children and adolescents with type 1
diabetes mellitus. Diabetes Res Clin
Pract, 100(1):126—132.

Nederstigt C, Corssmit EP, Koning
EJ, Dekkers (2016). Incidence and
prevalence of thyroid dysfunction in
type 1 diabetes. J. Diabetes
Complicat, 30:420-425.

O’Connell (2001).Select Vitamins
and Minerals in the Management of

Diabetes. Diabetes Spectrum,
14:133-148.
Onyiriuka A, Oyenusi E

(2018).Prevalence  of  abnormal
serum sodium and  potassium
concentration in paediatric new onset
type 1 diabetes with ketoacidosis: A
retrospective  study  from  two
Nigerian Teaching
Hospitals.Diabetes,  endocrinology
and metabolism, 8(1):32-39.

Ozen¢c S, Saldir M, San
E, Cetinkaya S, Yesilkaya
S, Babacan (OR et al.
(2015). Selenium, zinc, and copper
levels and their relation with HbAlc
status in children with type 1
diabetes  mellitus.  International
journal of diabetes in developing
countries, 35(4):1-5.

Pittas AG, Lau J, Hu FB, Dawson-
Hughes B (2007). The role of
vitamin D and calcium in type 2
diabetes. A systematic review and
meta-analysis. The Journal of
Clinical Endocrinology &
Metabolism, 92(6):2017-2029.
Praveeena S, Pasula S, Sameera K
(2013). Trace elements in diabetes
mellitus. J Clin Diagn Res,
7(9):1863-1865.

829



Abdelbaseer et al. (2024)

Ramadan J, Steiner S, O’Neill
C, Nunemaker C (2011). The
central role of calcium in the effects
of cytokines on beta-cell function:
Implications for type 1 and type 2
diabetes. Cell calcium, 50(6):481—
490.

Sales CH, Pedrosa LF, Lima JG
(2011). Influence of magnesium
status and magnesium intake on the
blood glucose control in patients
with type 2 diabetes, Clinical
nutrition, 30: 359-364.

Sarubin A (2003).The Health
Professional’s Guide to Popular
Dietary Supplements. Chicago, the
American Dietetic Association. The
American Journal of Clinical
Nutrition, 78(4):808.

Siddiqui K, Bawazeer N, Scaria
SJ (2014). Variation in Macro and
Trace Elements in Progression of
Type 2 Diabetes. The Scientific
World Journal, 461591:1-9.

Squitti R, Negrouk V, Perera
M, Llabre M, Ricordi
C, Rongioletti M, et al. (2019).
Serum copper profile in patients with
type 1 diabetes in comparison to
other metals. J. Trace Elem. Med.
Biol, 56:156-161.

Subekti I, Pramono LA, Dewiasty
E, Harbuwono DS (2017). Thyroid
Dysfunction in Type 2 Diabetes
Mellitus  Patients. Acta  Med.
Indones, 49:314-323.

Sun Z, Wang X, Chen J, Duan P,
Wang J, Liu Y, et al. (2017).
Effects of iodine excess on islet beta
cells (beta-TC-6) function and the
mechanism. J. Hyg. Res, 46:610—
614.

Tako E (2019). Dietary Trace
Minerals. Nutrients, 11(11):1-3.
Targher G, Franchini
M, Montagnana M, Lippi G

SVU-1JMS, 7(1):819-8

(2007).The Role of Iron in Diabetes
and Its Complications. Diabetes
Care, 30(7):1926-1933.

Totan R, Greaby M (2002). Effect
of chronic hyperglycemia and
vanadate treatment on erythrocyte
Na+- K+-ATPase and Mg++-
ATPase in streptozotocin in diabetic
rats, Acta Poloniae Pharmaceutica,59
(4): 307-311.

Ugurlu V, Binay C, Simsek E,
BAL C (2016). Cellular trace
element changes in type 1 diabetes
patients. Journal of clinical research
in pediatric endocrinology, 8(2):180-
186.

Uluisik I, Karakaya HC, Koc
(2018). A. The importance of boron
in biological systems. J. Trace
Elements Med. Boil, 45:156-162.
Valk H (1999). Magnesium in
diabetes mellitus. The Netherlands
Journal of Medicine, 54(4):139-146.
Veronese N, Watutantrige FS,
Luchini C (2016). Effect of
magnesium  supplementation  on
glucose metabolism in people with
or at risk of diabetes: a systematic
review and meta-analysis of double-
blind randomized controlled trials,
70:1354-1359.

Volpe SL (2008). Magnesium, the
metabolic syndrome, insulin
resistance, and type 2 diabetes
mellitus. Critical Reviews in Food
Science and Nutrition, 48 (3): 293—
300.

Vorum H, Ditzel J (2014).
Disturbance of inorganic phosphate
metabolism in diabetes mellitus: its
relevance to the pathogenesis of
diabetic retinopathy. J Ophthalmol,
135287:1-8.

Wang X, Fang X, Wang F (2014).
Pleiotropic actions of iron balance in
diabetes mellitus. Reviews in

830



Abdelbaseer et al. (2024)

endocrine & metabolic
disorders, 16(1):15-23.
Wankhede S, Jankar J

(2021).Determining the Role of
Minerals and Trace Elements in
Diabetes and Insulin Resistance.
Journal of Pharmaceutical Research
International 33(60):518-524.

Wilson JG, Lindquist JH,
Grambow SC, Crook ED, Maher
JF (2003). Potential role of increased
iron stores in diabetes. The American
Journal of the Medical Sciences,
6(325):332-339.

SVU-1JMS, 7(1):819-8

Wolfsdorf JI, Allgrove J, Craig
ME, Edge J, Glaser N, Jain V, et
al. (2014).Diabetic ketoacidosis and
hyperglycemic hyperosmolar state.
Pediatric Diabetes, 15(20):154-179.
World Health Organization
(2013).Diabetes Fact Sheet 312,
http://www.who.int/mediacentre/fact
sheets/fs312/en/.

Zhuang T, Han H, Yang Z (2014).
Iron, Oxidative Stress and
Gestational Diabetes.
Nutrients, 6(9):3968—3980.

831


https://www.researchgate.net/journal/Journal-of-Pharmaceutical-Research-International-2456-9119
https://www.researchgate.net/journal/Journal-of-Pharmaceutical-Research-International-2456-9119
http://www.who.int/mediacentre/factsheets/fs312/en/
http://www.who.int/mediacentre/factsheets/fs312/en/

	 Beukhof CM, Hoorn EJ, Lindemans J, Zietse R (2007). Novel risk factors for hospital-acquired hyponatremia: a matched case control study. Clin Endocrinol (Oxf), 66:367-372.
	 Bialo SR, Agrawal S (2015). Rare complications of pediatric diabetic ketoacidosis. World J Diabetes, 6(1):167-174.
	 Cherasse Y, Urade Y (2017). Dietary Zinc Acts as a Sleep Modulator. Int. J. Mol. Sci, 18(11): 2334-2346.
	 Coban FK, Ince S, Kucukkurt I, Demirel HH, Hazman (2014).Boron attenuates malathion-induced oxidative stress and acetylcholinesterase inhibition in rats. Drug Chem. Toxicol, 38:391–399.
	 Cooksey RC, Jouihan HA, Ajioka RS, Hazel MW, Jones DL, Kushner JP, et al. (2004). Oxidative stress, beta-cell apoptosis, and decreased insulin secretory capacity in mouse models of hemochromatosis. Endocrinology, 145:5305–5312.
	 Dalili S,  Koohmanaee S, Nemati AR, Hosseini SN,  Hassan AR,  Kooti W,et al. ( 2020). The Association between Hemoglobin HbA1c with Serum Inorganic Phosphate in Children with Type 1 Diabetes. Diabetes, metabolic syndrome and obesity: targets and the...
	 Davidson HW, Wenzlau JM, Brien O (2014).Zinc transporter 8 (ZnT8) and β cell functions. Trends Endocrinol. Metab, 25:415–424.
	 Do ˘gan A, Demirci S, Apdik H, Bayrak OF, Gulluoglu S, Tuysuz EC, et al. (2017),A new hope for obesity management: Boron inhibits adipogenesis in progenitor cells through the Wnt/β-catenin pathway. Metabolism, 69: 130–142.
	 Favus MJ, Goltzman D (2014). Calcium, Magnesium, and Phosphate, Laboratory Medicine, 45 (1):44–50.
	  Fukunaka A, Fujitani Y (2018).Role of Zinc Homeostasis in the Pathogenesis of Diabetes and Obesity. Int. J. Mol. Sci, 19(2): 476-481.
	 Henquin JC (2009). Regulation of insulin secretion: a matter of phase control and amplitude modulation, Diabetologia, 52:739-751.
	 Khaliq H, Juming Z, Ke-Mei P (2018). The Physiological Role of Boron on Health. Boil. Trace Element Res, 186: 31–51.
	 Kostolanska J, Jakus V, Barak L (2009). HbA1c and serum levels of advanced glycation and oxidation protein products in poorly and well controlled children and adolescents with type 1 diabetes mellitus. J Pediatr Endocrinol Metab; 22(5):433–442.
	 Laclaustra M, Stranges S, Navas AA, Ordovas JN, Guallar E (2010). Serum selenium and serum lipid in U.S Adult: national health and nutrition examination survey (NHANES) 2003–2004. Atherosclerosis, 2:643–648.
	 Liamis G, Liberopoulos E, Barkas F, Ellisaf M (2014).Diabetes mellitus and electrolyte disorders. World J Clin Cases, 2(10):488-496.
	 Liamis G, Rodenburg EM, Hofman A, Zietse R, Stricker BH (2013). Electrolyte disorders in community subjects: prevalence and risk factors. Am J Med, 126:256-263.
	 Nederstigt C, Corssmit EP, Koning EJ, Dekkers (2016). Incidence and prevalence of thyroid dysfunction in type 1 diabetes. J. Diabetes Complicat, 30:420–425.
	 Onyiriuka A, Oyenusi E (2018).Prevalence of abnormal serum sodium and potassium concentration in paediatric new onset type 1 diabetes with ketoacidosis: A retrospective study from two Nigerian Teaching Hospitals.Diabetes, endocrinology and metabolis...
	 Özenç S, Saldir M, Sarı E, Çetinkaya S, Yeşilkaya Ş, Babacan O, et al. (2015). Selenium, zinc, and copper levels and their relation with HbA1c status in children with type 1 diabetes mellitus. International journal of diabetes in developing countrie...
	 Praveeena S, Pasula S, Sameera K (2013). Trace elements in diabetes mellitus. J Clin Diagn Res, 7(9):1863–1865.

	 Ramadan J, Steiner S, O’Neill C, Nunemaker C (2011). The central role of calcium in the effects of cytokines on beta-cell function: Implications for type 1 and type 2 diabetes. Cell calcium, 50(6):481–490.
	 Sales CH, Pedrosa LF, Lima JG (2011). Influence of magnesium status and magnesium intake on the blood glucose control in patients with type 2 diabetes, Clinical nutrition, 30: 359-364.
	 Squitti R,  Negrouk V,  Perera M,  Llabre M,  Ricordi C,  Rongioletti M, et al. (2019). Serum copper profile in patients with type 1 diabetes in comparison to other metals. J. Trace Elem. Med. Biol, 56:156-161.
	 Subekti I, Pramono LA, Dewiasty E, Harbuwono DS (2017). Thyroid Dysfunction in Type 2 Diabetes Mellitus Patients. Acta Med. Indones, 49:314–323.
	 Sun Z, Wang X, Chen J, Duan P, Wang J, Liu Y, et al. (2017). Effects of iodine excess on islet beta cells (beta-TC-6) function and the mechanism. J. Hyg. Res, 46:610–614.

	 Tako E (2019). Dietary Trace Minerals. Nutrients, 11(11):1-3.
	 Targher G, Franchini M, Montagnana M, Lippi G (2007).The Role of Iron in Diabetes and Its Complications. Diabetes Care, 30(7):1926-1933.
	 Uluisik I, Karakaya HÇ, Koc (2018). A. The importance of boron in biological systems. J. Trace Elements Med. Boil, 45:156–162.
	 Veronese N, Watutantrige FS, Luchini C (2016). Effect of magnesium supplementation on glucose metabolism in people with or at risk of diabetes: a systematic review and meta-analysis of double-blind randomized controlled trials, 70:1354-1359.

	 Vorum H, Ditzel J (2014). Disturbance of inorganic phosphate metabolism in diabetes mellitus: its relevance to the pathogenesis of diabetic retinopathy. J Ophthalmol, 135287:1-8.
	 Wang X, Fang X, Wang F (2014). Pleiotropic actions of iron balance in diabetes mellitus. Reviews in endocrine & metabolic disorders, 16(1):15–23.
	 Wankhede S, Jankar J (2021).Determining the Role of Minerals and Trace Elements in Diabetes and Insulin Resistance. Journal of Pharmaceutical Research International 33(60):518-524.
	 Wilson JG, Lindquist JH, Grambow SC, Crook ED, Maher JF (2003). Potential role of increased iron stores in diabetes. The American Journal of the Medical Sciences, 6(325):332–339.
	 Wolfsdorf JI, Allgrove J, Craig ME, Edge J, Glaser N, Jain V, et al. (2014).Diabetic ketoacidosis and hyperglycemic hyperosmolar state. Pediatric Diabetes, 15(20):154-179.

	 Zhuang T, Han H, Yang Z (2014). Iron, Oxidative Stress and Gestational Diabetes. Nutrients, 6(9):3968–3980.

