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Abstract

Diabetes mellitus, commonly referred to as diabetes, is a chronic metabolic dis-
order characterized by elevated blood sugar (glucose) levels. This abstract explores
the different types of diabetes, their causes, and potential complications. It also high-
lights the global disease burden and the importance of management strategies. There
are two main types of diabetes: type 1 and type 2. Type 1 diabetes is an autoimmune
disease where the body attacks insulin-producing cells in the pancreas, leading to in-
sulin deficiency. Type 2 diabetes, the most prevalent form, results from insulin resist-
ance or impaired insulin secretion.

Gestational diabetes is a temporary form that develops during pregnancy. The
primary cause of diabetes is a combination of genetic and environmental factors.
While genetics play a role, lifestyle choices such as physical inactivity and unhealthy
diet significantly contribute to the development of type 2 diabetes. Uncontrolled di-
abetes can lead to various complications affecting multiple organ systems. These in-
clude cardiovascular disease, neuropathy (nerve damage), nephropathy (kidney dis-
ease), retinopathy (eye disease), and foot ulcers, which can lead to amputation.

Diabetes is a global health problem with a rapidly growing prevalence. The in-
creasing burden necessitates effective prevention and management strategies. These
include lifestyle modifications, such as maintaining a healthy weight and engaging in
regular physical activity, along with appropriate medication regimens and patient ed-
ucation. This abstract provides a concise overview of diabetes, highlighting its types,
causes, potential complications, and the importance of tackling this global health
challenge.
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BykoBuncoiuil deprcabruii meduunui ynibepcumem

AHoTauinA

LUykposuli diabem, sikuli 3a3suyali Hasusarome diabemom, — ue XpPOHiYHe Nno-
pyweHHs 06MiHY pevyo8uH, WO Xapakmepu3yemocs NiOBUWEHHAM pigHA UyKpy (2/1to-
Ko3u) y Kposi. Y uili aHomauii po3easdaromecs pisHi munu diabemy, ix npuyuHU ma
MOMUBI YCKAAOHEHHS. BiH makoxc niokpectoe 2106a16HUl mszap xeopob i eanmc/1u-
gicmb cmpameziti ynpas/iHHs. IcHye 08a 0cHO8HUX munu diabemy: mun 1imun 2. Aia-
6em muny 1 — ye aymoimyHHe 3dX80pt08dHHSA, NPU SKOMY Op2dHi3M dmAdKy€e KAimuHU
NiOW/YHKOB0T 3d/103U, W0 8UPOH/ISAOMb iHCY/iH, WO npu3sooums 00 dediyumy iHcy-
niny. Lykposuli diabem 2 muny, HalinowupeHiwa ¢opmd, BUHUKAE BHACNIOOK pe3uc-
meHmHocmi 00 iHcy/iHY a0 nopyweHHs cekpeuyii iHCyAiRy.

lecmauitiHuli diabem - ye mumuacosa Popmd, KA po38UBAEMbCA nid Ydc 8dzim-
Hocmi. OCHOBHO NPUYUHOIO Jidbemy € NOEOHAHHS 2eHEMUYHUX Pakmopis i pakmo-
pi6 HaBKOAUWHbLO20 cepedosuULd. XOUd 2eHemuKd 8idiepde nesHy po/b, 8ubip cnocoby
UMM, HANPUK/Ao 8i0CcymHicme ¢i3uYHOT dkmusHOCMi Ma He300pose XdpUy8aHHS,
3HAYHO cnpusie po3sumky diabemy 2 muny. HekoHmposbosaruli diabem moxce npu-
38ecmu 00 Pi3HOMAHIMHUX YCK/IAOHEHb, W0 8pa3aroms pi3Hi cucmemu opzdxis. fo
HUX Hd/examb cepuyeso-CyOUHHI 3dX80PHBAHHS, Heaponamis (NOWKOOMWEHHS Hep-
gig), Hepponamis (3ax80pHBAHHS HUPOK), pemuHonamis (3axeoprosaHHs ovell) i 8u-
padsKu cmonu, sKi MOXcyms npussecmu 00 amnymayii.

Aiabem € 27106a16HO0 NPO6/1EMOIO OXOPOHU 300p06’s, nowupeHicme SKOoT
WBuUOKO 3pocmade. 36inbWeEHHS Maapa suUMAde epekmusHUX cmpamezili npoginax-
MUKU ma ynpdeiHHA. [J0 HUX Ha/examb 3MiHU CNOCOBY wcumms, maki Sk NiompumKka
HOPMA/bHOT 8d2u ma peyAspHa Gisu4Hd dKmuUsHicMb, d makoxc 8i0N08iOHI pexcumu
/iKy8AHHS Ma HABYAHHA nauieHmis. s aHomauis micmums cmucauli 02190 diabemy,
gucsim/oo4u i020 munu, NPUYUHU, homeHyiliHi YCKnadHeHHs ma eaxciusicme supi-
WeHHs Yiel 2106a16HOT Npob1emu 0XOPOHU 300p0o8’s.
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Introduction

Diabetes mellitus

(DM), commonly metabolisminvolvingprotein,carbohydrates

known as diabetes, is a chronic metabolic and fats due to insulin resistance which
disorder characterized by elevated blood mainly affects how the body utilizes glucose,
sugar (glucose) levels known as chronic a vital energy source for cells [2].

hyperglycaemia resulting in disturbance in When glucose levels remain persistently
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high, it can lead to serious health
complications. There are approximately
more than a billion patients suffering from
chronic hyperglycaemia globally which is a
significant public health issue. According to
the estimates of the international diabetes
federation, 537 million (10.5%) of adults
aged 20-79 years are currently living with
DM, and this may be expected to increase
to 643 million (11.3%) by 2030 and 783
million (12.2%) by 2045.

Considering the 1.541 million adults
with impaired glucose tolerance (IGT),
their risk to develop type 2 diabetes is
very high. The series of complications
caused by diabetes may include blindness,
renal failure, stroke, and coronary artery
diseases, consequently, leading to a huge
medical burden on society.

Moreover, diabetes costs at least 966
billion dollars in health expenditure, a
316% increase over the last 15 years [2]. The
early stages of diabetes might go unnoticed,
particularly in type 2 diabetes. However,
as blood sugar levels become chronically
elevated, several symptoms can emerge.

There are some common telltale signs
e.g. frequent urination; elevated blood sugar
levels can overwhelm the kidneys’ ability
to reabsorb glucose, leading to increased
urination (polyuria), excessive thirst
(polydipsia); frequent urination can deplete

I. Unveiling the Different Faces of Diabetes
Understanding the type of diabetes
is crucial for proper management and

1. Type 1 Diabetes

Type 1 diabetes, an autoimmune
disorder, disrupts the body’s natural
ability to regulate blood sugar. Unlike

type 2 diabetes, where the body either
doesn’t produce enough insulin or becomes
resistant to its effects, type 1 is a more
aggressive condition. It’s characterized by
the immune system mistakenly attacking
the insulin-producing beta cells in the
pancreas, leaving the body with very little or

https:/ /science.bsmu.edu.ua/

fluids, causing dehydration and increased
thirst; unexplained weight loss; while
initially weight loss might seem positive,
in diabetes, the body might start breaking
down muscle for energy due to insufficient
glucose availability in cells, increased
hunger (polyphagia); despite eating more,
the body might struggle to utilize glucose
for energy, leading to persistent hunger,
fatigue and lethargy; chronic high blood
sugar levels can impair the body’s ability
to convert glucose into energy, leading to
exhaustion and a lack of energy, blurred
vision; high blood sugar can affect the lenses
in the eyes, causing blurry vision, slow-
healing wounds; impaired blood flow and
nerve damage associated with diabetes can
make it harder for wounds to heal properly,
frequent infections; higher infection rate is
also common in prediabetic patients [3].

There are many vital aspects of
management of the diabetes mellites.
Health literacy is very important factor for
the management and understanding of
diabetes related complications.

Several tools for assessing health
literacy were considered and are discussed
in this review. This article delves into the
different types of diabetes, their causes,
potential consequences, and strategies for
management and prevention.

treatment. There are three main types of
diabetes;

no insulin production. It typically manifests
in childhood or young adulthood, though it
can develop at any age. Individuals with
type 1 diabetes face a lifelong challenge of
managing their blood sugar levels through
a combination of insulin therapy, diet,
exercise, and ongoing monitoring [4].

The exact cause of type 1 diabetes
remains a mystery, but scientists believe
it’s a result of a complex interplay between
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genetics and environmental triggers.
Having a close family member, like a parent
or sibling, with type 1 diabetes significantly
increases the risk. Specific gene variations
can make an individual more susceptible.

2. Type 2 Diabetes

This is the most prevalent form of
diabetes, affecting around 90% of all cases.
It arises due to either insulin resistance
(cells become less responsive to insulin) or
impaired insulin secretion by the pancreas.
It disrupts the body’s ability to regulate
blood sugar (glucose) levels. Unlike type
1 diabetes, where the body lacks insulin

3. Gestational Diabetes

This form of diabetes develops during
pregnancy due to hormonal changes that
can affect glucose metabolism. During
pregnancy, the placenta produces hormones
that help sustain the developing foetus.
However, some of these hormones can also
have an antagonistic effect on insulin, the
hormone responsible for regulating blood

While the exact triggers are unknown,
factors like viral infections or exposure
to certain chemicals might play a role in
susceptible individuals [5].

production, type 2 presents a more complex
interplay between insulin resistance and
insufficient insulin secretion. This often
develops gradually over time and can be
significantly influenced by lifestyle choices.
Genetic predisposition and lifestyle factors
like physical inactivity and unhealthy diet
are significant contributors [6].

sugar levelsin the body. In some women, this
hormonal shift leads to insulin resistance,
causing blood sugar levels to rise. This
temporary state is what defines gestational
diabetes. While it typically resolves after
childbirth, women with gestational diabetes
have an increased risk of developing type 2
diabetes later in life [7].

4. Maturity onset diabetes of the young (MODY)

Maturity-onset diabetes of the young
(MODY) is a genetic form of diabetes that
often gets overshadowed by the more com-
mon type 1 and type 2 diabetes. Despite
the name «maturity onset,» MODY typically
presents before age 25, affecting 1-2% of all
diagnosed diabetes cases. Understanding
MODY is crucial for ensuring proper diag-
nosis and treatment for young people with
diabetes.

Unlike type 1 diabetes, an autoim-
mune condition where the body attacks in-
sulin-producing cells, MODY results from

5. Neonatal diabetes

Neonatal diabetes mellitus (NDM) is a
rare form of diabetes that strikes infants
within the first 6 months of life. Unlike
the more common type 1 and type 2 dia-
betes, NDM has a distinct cause and often
requires specialized management. NDM is
primarily a genetic condition. Unlike type

https:/ /science.bsmu.edu.ua/

mutations in a single gene. This genetic
defect disrupts the function of pancreatic
beta cells, leading to insufficient insulin
production. MODY also differs from type 2
diabetes, which is characterized by insulin
resistance combined with potential insulin
deficiency.

People with type 2 diabetes are often
overweight or obese, whereas weight isn’t
a defining factor for MODY. Additionally,
some MODY subtypes can be managed with
medications other than insulin, unlike type
1 diabetes [8].

1 diabetes, which is an autoimmune dis-
ease, NDM arises from mutations in specif-
ic genes responsible for insulin production
or function in the pancreas. These muta-
tions can be inherited from one or both
parents, or they can occur spontaneously
in the child. There are over 30 known ge-
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netic variations that can lead to NDM, with
each one potentially influencing the devel-
opment and treatment of the disease. NDM
manifests in two main forms: transient
and permanent. Transient NDM, affecting
about half of all cases, typically resolves be-
fore the first birthday. However, there’s a

6. Wolfram Syndrome

Wolfram syndrome, also known as
DIDMOAD syndrome (an acronym for its
four cardinal features), is a rare, progressive
neurodegenerative disorder. It casts a
long shadow, manifesting in childhood
and gradually worsening over a lifetime.
Wolfram syndrome is characterized by a
quartet of primary symptoms: diabetes
insipidus, diabetes mellitus, optic atrophy,
and deafness. Diabetes insipidus arises
from a malfunction in the pituitary gland,
leading to excessive thirst and urination.

Diabetes mellitus, distinct from type 1
or 2 diabetes, results from the pancreas’s
inability to produce enough insulin. Optic
atrophy signifies the degeneration of the
optic nerve, causing progressive vision loss.
Deafness, often sensorineural, can range
from mild hearing loss to complete deafness.

7. Alstrom Syndrome

Alstrom syndrome is a rare, genetic
disorder that weaves a complex tapestry of
symptoms across multiple organ systems.
It presents a unique challenge for diagno-
sis and management, requiring a multifac-
eted approach to care. Alstrém syndrome
exhibits a wide range of symptoms, of-
ten starting in childhood or adolescence.
Cardinal features include progressive vision
loss, sensorineural hearing impairment,
kidney disease (nephropathy), and obesity
or severe insulin resistance that can lead to
type 2 diabetes. However, the syndrome ex-
tends beyond these core elements. Individ-
uals may also experience cardiomyopathy
(heart muscle weakness), liver dysfunction,
skeletal abnormalities, and even intellectu-
al disability. The specific combination and

https:/ /science.bsmu.edu.ua/

chance it might reappear later in life, often
during teenage years. Permanent NDM, on
the other hand, requires lifelong manage-
ment with insulin therapy. Identifying the
specific type of NDM is crucial for determin-
ing the appropriate treatment course [9].

The complexities of Wolfram syndrome
extend beyond the core four symptoms.
Many individuals experience additional
neurological issues, including ataxia
(imbalance and incoordination), slurred
speech, and cognitive decline. Urinary tract
problems, diabetes-related complications
like neuropathy and nephropathy, and
psychiatric issues like depression and
anxiety can also be part of the picture.

The severity and order of symptom
presentation can vary significantly, creating
a unique journey for each person with
Wolfram syndrome. Wolfram syndrome
presents a formidable challenge, but with
ongoing research, improved management
strategies, and unwavering support,
individuals with this condition can find
ways to live fulfilling lives [10].

severity of symptoms can vary significant-
ly from person to person, making Alstrém
syndrome a highly individualistic condi-
tion. Alstrém syndrome is an autosomal re-
cessive genetic disorder. This means a child
needs to inherit two copies of the faulty
gene, one from each parent, to develop the
condition. Mutations in two specific genes,
ALMS1 and ALMS2, have been identified as
the primary culprits behind Alstrém syn-
drome. These genes are thought to play a
crucial role in cellular processes like pro-
tein trafficking and ciliogenesis, the forma-
tion of hair-like structures on cells that are
essential for various functions. When these
genes are mutated, these processes fail,
leading to the diverse symptoms observed
in Alstrém syndrome [11].
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8. Latent Autoimmune diabetes in Adults (LADA)

Latent autoimmune diabetes in adults
(LADA), sometimes referred to as type 1.5
diabetes, occupies a unique space within the
diabetes spectrum. It shares characteristics
with both type 1 and type 2 diabetes, often
leading to misdiagnosis. Understanding
LADA is crucial for ensuring proper
diagnosis and treatment for adults who
develop this form of the disease. LADA, like
type 1 diabetes, is an autoimmune disease.
The body’s immune system mistakenly
attacks the insulin-producing beta cells
in the pancreas. This gradual destruction
leads to a decline in insulin production,
causing the hallmark symptoms of diabetes
— high blood sugar levels, increased thirst,
frequent urination, and unexplained weight
loss.

However, unlike the rapid onset of type
1 diabetes, often seen in childhood, LADA
progresses slowly, typically developing
in adults over 30 years old. While LADA

9. Type 3c diabetes

Type 3c diabetes, also known as pan-
creatogenic diabetes or secondary diabetes,
often gets overshadowed by its more com-
mon counterparts, type 1 and type 2 dia-
betes.

However, it’s a distinct condition with
its own set of causes, symptoms, and treat-
ment approaches. Unlike type 1 diabetes,
an autoimmune condition, and type 2 dia-
betes, characterized by insulin resistance,
type 3c diabetes arises from damage or dys-
function of the pancreas itself. The pancre-
as plays a dual role in the body — produc-
ing digestive enzymes for food breakdown
and secreting hormones, including insulin
and glucagon, which regulate blood sugar
levels. When the pancreas is compromised,
its ability to produce these hormones can
be impaired, leading to a decline in insulin
and a potential rise in blood sugar.

While type 3c diabetes shares some
symptoms with other forms of the disease,

https:/ /science.bsmu.edu.ua/

shares some features with type 2 diabetes,
there are key differences. Type 2 diabetes
is primarily characterized by insulin
resistance, where the body’s cells become
less responsive to insulin. People with
type 2 diabetes often may still produce
some insulin initially. In contrast, LADA
involves a progressive decline in insulin
production due to autoimmune destruction.
Additionally, individuals with LADA may
not be overweight or obese, a common risk
factor for type 2 diabetes.

Diagnosing LADA can be challengingdue
to its slow onset and overlapping symptoms
with other forms of diabetes. Blood sugar
tests can confirm hyperglycemia, but
additional tests are needed to differentiate
LADA from type 1 and type 2 diabetes.
Doctors may order tests for antibodies
associated with the autoimmune attack on
pancreatic beta cells, such as glutamic acid
decarboxylase (GAD) antibodies [12].

such as increased thirst, frequent urina-
tion, and unexplained weight loss, it has
key distinguishing features. Unlike type 1
diabetes, which typically presents in child-
hood or adolescence, type 3c diabetes can
develop at any age but often manifests in
adults.

Additionally, individuals with type 3c di-
abetes may experience digestive issues like
diarrhea, fatty stools, and abdominal pain
due to the impaired production of digestive
enzymes by the pancreas — a symptom not
typically seen in type 1 or type 2 diabetes.
Diagnosing type 3c diabetes involves a mul-
ti-pronged approach. Blood sugar tests will
be used to assess for hyperglycemia. How-
ever, additional tests are often needed to
differentiate it from other types of diabetes.
Doctors may order tests to evaluate pancre-
atic function, such as fecal elastase or stool
chymotrypsin, which measure digestive en-
zyme levels in the stool [13].

ISSN: 3083-5887 online

Rana A, Kushnir O. Diabetes a global challenge and the impact of melatonin
I. Unveiling the Different Faces of Diabetes

14


https://science.bsmu.edu.ua/ 

[ TpuponHMyi, MaTeMaTYHI HayKy Ta OCBiTa B MeIMIIVIHI

Natural & Mathematical Sciences in Medicine and Medical Education

1(1) 2024

Poszgin 1. ITpupogHMyi HayKu B MeOUIIVHI
Section 1. Natural sciences in medicine

10.  Steroid-induced diabetes
Steroid-induced diabetes, sometimes
referred to as steroid hyperglycemia, is a
condition that causes a temporary rise in
blood sugar levels in individuals taking cor-
ticosteroids. While not a true form of diabe-
tes like type 1 or type 2, it shares some sim-
ilar symptoms and requires management to
prevent complications. Corticosteroids are
a class of powerful medications that mimic
the effects of the hormone cortisol produced
naturally by the adrenal glands.

They are widely used to treat various
inflammatory conditions, such as asthma,
rheumatoid arthritis, and autoimmune dis-
eases like lupus. While corticosteroids of-
fer significant therapeutic benefits for these
conditions, they can also have side effects,

11.  Cystic fibrosis diabetes
Cystic fibrosis (CF) is a complex genet-
ic condition that primarily affects the lungs
and digestive system. However, many in-
dividuals with CF also develop cystic fibro-
sis-related diabetes (CFRD), adding anoth-
er layer of complexity to managing their
health. Cystic fibrosis arises from muta-
tions in the CFTR gene.

This gene plays a critical role in regulat-
ing the movement of salt and water across
cell membranes in various organs, includ-

I1. Identification of risk factor for diabetes

The exact causes or risk factors of di-
abetes may vary depending on the type.
However, both genetic and environmental
factors play a role. Let’s first discuss genet-
ic factors briefly.

Genetic Predisposition

It is general agreement amongst the
physicians that having a family history of
diabetes increases the risk of developing
Type 1 diabetes. Many studies have pro-
posed that risk of developing T2D has a
significant heritable component and sup-
port the notion that most of this inherited

https:/ /science.bsmu.edu.ua/

including a temporary rise in blood sugar
levels. The symptoms of steroid-induced
diabetes can be subtle and easily missed,
particularly in the early stages.

These may include increased thirst,
urination, frequent urination, especially at
night excessive hunger, unexplained weight
loss, fatigue and feeling tired and blurred
vision. Steroid-induced diabetes, while a
temporary concern, requires careful man-
agement to prevent complications associat-
ed with chronic hyperglycaemia. By work-
ing closely with healthcare professionals
and following the recommended treatment
plan, individuals taking corticosteroids can
navigate this condition effectively [14].

ing the pancreas. In CF, these mutations
lead to the production of thick, sticky mu-
cus that clogs the airways and pancreatic
ducts. The blocked pancreatic ducts pre-
vent digestive enzymes from reaching the
intestines, leading to digestive problems.

Additionally, the blockage can hinder
the release of essential hormones produced
by the pancreas, including insulin and
glucagon, which regulate blood sugar levels
[15].

risk is associated with particular genotyp-
ic features and have identified several risk
variants in genome-wide association stud-
ies, these variants still explain a relatively
small proportion of the observed heritabili-
ty. Genes can influence how the body pro-
duces or utilizes insulin [16].
Environmental Factors: Certain
lifestyle choices significantly contribute
to the development of type 2 diabetes,
including, physical inactivity, unhealthy
diet, obesity and smoking. A sedentary
lifestyle reduces the body’s ability to utilize
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glucose effectively. Consumption of high-
sugar, high-fat, and processed foods can
impair insulin sensitivity. Excess weight,
particularly abdominal fat, contributes to
insulin resistance. Smoking can damage
pancreatic beta cells and worsen insulin
resistance [17].

The domino effect resulting from un-
controlled diabetes and its complications

Chronic hyperglycaemia (high blood
sugar) can trigger a cascade of events lead-
ing to severe health complications. These
include cardiovascular diseases, neuropa-
thy, nephropathy, retinopathy, foot ulcers
and amputations etc.

Diabetes significantly increases the

risk of heart attack, stroke, and peripheral
artery disease. High blood sugar can dam-
age nerves throughout the body, causing
pain, numbness, tingling, and weakness,
particularly in the feet and legs. Diabetes
is a leading cause of chronic kidney dis-
ease, which can eventually lead to kidney
failure. Damage to the blood vessels in the
retina can lead to vision problems, includ-
ing blindness. Nerve damage and poor cir-
culation in the feet can lead to foot ulcers,
increasing the risk of amputation. These
complications highlight the importance of
maintaining good blood sugar control to
prevent or delay their onset and progres-
sion [18].

Possible link between Melatonin, Diabetes and other Related Disorders

Melatonin influences day and night cy-
cle, is produced by pineal gland. Synthetic
melatonin drug is not approved by the US
Food and Drug Administration for any pur-
pose. It is confirmed that melatonin recep-
tor agonists - ramelteon and tasimelteon
are US Food and Drug Administration ap-
proved and are considered by the American
Academy of Family Physicians for the treat-
ment of sleep disorders. There are many
medicines that consist melatonin, so it is
possible to investigate effects of this hor-
mone besides sleep control.

Nowadays, the most promising non-in-
somnia indications are for treating is-
chemia/reperfusion injury, primary head-
ache disorders, fibromyalgia, glucose
control, and blood pressure control. Most
of the studies were preclinical and in in vivo
and in vitro phases. More clinical trials are
needed before recommending melatonin as
a treatment in clinical practice [19].

Melatonin has adaptogenic proper-
ties that improve homeostasis. Nowadays
many authors consider that melatonin pro-
duction is influenced the appearance and
development of osteoporosis in postmeno-
pausal period. Administration of melatonin
is effective for bone tissue restoration and

https:/ /science.bsmu.edu.ua/

rise skeletal strength. Melatonin could pre-
vent and be useful in treatment of post-
menopausal osteoporosis, according to its
biological effects.

Level of melatonin in blood plasma is
considered to bone tissue, the determi-
nation of which is one of the methods for
the diagnostic of osteoporosis. Melatonin
has a big influence on bone restoring by
stimulating osteogenesis and suppressing
osteoclasts action. Melatonin controls the
biological rhythm of bone tissue, which
improves its osteogenic effect. Besides,
melatonin takes place in the modulation
of the bone microenvironment. Melatonin
decreases the damage induced by oxidative
stress and inflammation on osteoblasts
and prevents osteolysis from reactive oxy-
gen species and inflammatory agents.

As an addition drug against osteopo-
rosis, melatonin can improve the gut mi-
croflora, remodel microbiota composition,
regulate substance absorption and keep
metabolic balance, all of which are ben-
eficial for the health of bone tissue. This
all taken into account, demonstrates the
effects of melatonin on bone metabolism.
So, melatonin could be important for the
diagnostic, prevention and medication of
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postmenopausal osteoporosis [20].

Melatonin is a sleeping hormone from
the pineal gland that released in the dark
and suppressed during the day. Melatonin
has interactions with insulin. There are ev-
idences, that melatonin has positive effect
in the treatment of diabetes mellitus (DM).
Elevated production of free radicals is a
characteristic of DM associated with dia-
betic neuropathy, retinopathy, nephropa-
thy and cardiovascular disorders.

Reactive oxygen species are produced

in big amounts in reactions of glucose and
lipid peroxidation, caused diabetic compli-
cations.

These events influence the biomolecules
and activate apoptosis. Melatonin has an-
tioxidative properties, mitigates oxidative
stress caused by free radical reactions. Ad-
ditionally, melatonin injection is believed to
have other antidiabetic influences such as
decreasing cellular apoptosis and enhanc-
ing the production of antioxidants [21].

III. Investigations of melatonin effects in diabetes mellitus conditions

It is necessary to control the concentra-
tion of glucose in the blood to prevent com-
plications in patients with diabetes. Me-
latonin and its metabolites have powerful
antioxidant/anti-inflammatory properties.
To determine the effect of melatonin on the
level of glucose, the content of malondial-
dehyde (MDA), the activities of the enzymes
pyruvate kinase and glucose-6-phosphate
dehydrogenase (G6PDH) were measured in
the blood of rats with impaired glucose tol-
erance (PTG).

The research was carried out in ac-
cordance with the bioethics of examination
of preclinical and other scientific research
conducted on animals (Kyiv, 2006). Diabe-
tes mellitus was induced by intraperitoneal
administration of 5% solution of alloxan
monohydrate at the rate of 170 mg/kg of rat
body weight. Four days after the induction
of diabetes, rats were divided into a group
of animals with impaired glucose tolerance
(fasting plasma glucose <5.6 mmol/L; post-
prandial glycemia (2 hours after exercise)
7.8-11.0 mmol/L) ) and a group of animals
with PTH receiving injections of melatonin
(5 mg/kg «Sigma» USA, daily and intraperi-
toneally for 42 days, starting on the 5th
day).

Statistical analysis was performed us-
ing Statistica 10 StatSoft Inc. Injections of
melatonin caused a normalization of the
serum glucose profile of animals with PTH
compared to the corresponding values be-

https:/ /science.bsmu.edu.ua/

fore treatment. According to our results,
the activities of pyruvate kinase in eryth-
rocytes of animals with PTH decreased by
18%, while the activity of G6PDH increased
by 35% respectively compared to the con-
trol (intact).

The level of MDA was 23% higher in
the group of rats with PTH than in the con-
trol group. Melatonin prevented the diabe-
tes-induced increase in MDA levels in the
blood of PTH rats. We achieved restoration
of pyruvate kinase and normalization of
G6PDH activities in the blood of rats with
PTH using melatonin injections.

Perhaps this is explained by the fact
that the pro- and antioxidant components,
as well as the concentration of glucose in the
blood after melatonin treatment are equal-
ized: glucose enters the peripheral tissues
through open glucose channels, damage
to the B-cells of the islets of Langerhans is
stopped by the activation of the glutathione
system of antioxidant protection. We deter-
mined that long-term melatonin injections
improved glucose tolerance in alloxan dia-
betic rats [22,23].

Interesting are investigations about in-
fluence of melatonin in a dose of 10 mg of
body weight daily on energy metabolism in
diabetic rats. In the liver of rats with DM,
under the conditions of equinox, activities
of G-6-PDH, 6-PGDH and TK decreased by
42, 32 and 40% respectively compared to
control. The activities of G-6-PDH, 6-PGDH
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in animals with latent diabetes were 77
and 64% higher respectively than in con-
trol ones. In the liver of animals that were
under conditions of constant darkness,
the activities of G-6-PDG, 6-PGDH and TK
increased by 38, 29, and 12% respective-
ly while under conditions of constant light
these indicators decreased by 18, 10 and
15% respectively in comparison with con-
trol.

In animals with DM under conditions
of constant darkness the activities of G-6-
PDG, 6-PGDH and TK increased by 32, 22
and 19% respectively; under conditions of
constant light — decreased by 34, 17 and
28% respectively compared to the control.
With constant darkness against the back-
ground of latent diabetes, the activities of
G-6-PDG, 6-PGDH and TK increased by
115, 95 and 30%, respectively; under con-
ditions of constant light they were 24, 16,
and 22% lower respectively than control.

Administration of melatonin to animals
with DM led to:

A Global Challenge: The Rising Tide of Diabetes

Diabetes has become a global health
epidemic. According to the International
Diabetes Federation (IDF), approximately
463 million people worldwide live with dia-
betes in 2019, with a projected rise to 700
million by 2045.

This alarming increase is attributed to
various factors, including ageing popula-
tion, urbanization, life style changes, and

1) an increase in the activity of G-6-
PDH, 6-PGDH, and TK by 40, 31, and 25%
respectively compared to the parameters of
control;

2) normalization of the indicated pa-
rameters under conditions of constant
darkness;

3) an increase in the activities of G-6-
PDH, 6-PGDH, and TC by 140, 123, and
60% respectively compared to the con-
trol, under conditions of constant light.
In animals with latent diabetes under the
influence of melatonin in all types of illu-
minations, the specified indicators were
normalized (except for the activity of G-6-
PDH under conditions of constant light that
increased by 20% compared to control).

So, the introduction of melatonin at a
dose of 10 mg/kg of weight contributed to
the restoration of the amphibolic and en-
ergetic function of the pentose phosphate
pathway of glucose-6-phosphate oxidation
under the conditions of diabetes on the
background of a changed photoperiod [22].

increased obesity rates.

As populations age, the risk of diabe-
tes increases. Urbanization often leads to
sedentary lifestyles and unhealthy dietary
patterns. The global rise in obesity rates is
a significant contributor to type 2 diabetes.

The economic burden of diabetes is also
substantial. The IDF estimates the global
cost of diabetes at $760 billion in 2019 [24].

IV. Taking Control: Management Strategies for Diabetes

Fortunately, diabetes is a manageable
condition. Effective management strategies

Lifestyle Modifications:

Maintaining a healthy weight through a
balanced diet and regular physical activity
is crucial for managing all types of diabetes.

Dietary strategies include consuming

Medication:
Type 1 diabetes requires lifelong insu-
lin therapy to replace the missing insulin.

https:/ /science.bsmu.edu.ua/

can help control blood sugar levels and pre-
vent complications. These include:

plenty of fruits, vegetables, whole grains,
and lean protein while limiting sugary
drinks, refined carbohydrates, and un-
healthy fats [25].

Type 2 diabetes management may involve
various medications depending on individ-
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ual needs, such as oral medications like
metformin that improve insulin sensitivity
or injectable medications like GLP-1 recep-
tor agonists that stimulate insulin secre-
tion and slow down food absorption. Ges-

Blood Sugar Monitoring:
Regularly monitoring blood sugar levels
at home allows individuals to adjust their

Patient Education:

Empowering individuals with diabetes
knowledge about the disease, treatment op-
tions, and healthy lifestyle choices is cru-
cial for self-management and preventing
complications.

Additional tools that assess patients’
reading ability include the Rapid Estimate

V. Discussion and conclusion

Rates of both diabetes and low health
literacy are higher in populations from low
socioeconomic backgrounds. People living
in disadvantaged communities face many
barriers when seeking health care, includ-
ing inconsistent housing, lack of transpor-
tation, financial difficulties, differing cultur-
al beliefs about health care, and mistrust of
the medical professions.

People with high rates of medical mis-
trust tend to be less engaged in their care
and to have poor communication with
HCPs, which is another factor HCPs need to
address when working with their patients
with diabetes. The cost of medical care for
people with diabetes was $327 billion in
2017, a 26% increase since 2012.

Many of these medical expenditures
are related to hospitalization and inpatient
care, which accounts for 30% of total med-
ical costs for people with diabetes. People
with diabetes also may neglect self-man-
agement tasks for various reasons, includ-
ing low health literacy, lack of diabetes
knowledge, and mistrust between patients
and HCPs.

These challenges can be even more
pronounced in vulnerable populations be-

https:/ /science.bsmu.edu.ua/

tational diabetes may be managed through
lifestyle modifications alone or may require
medication like insulin to maintain healthy
blood sugar levels during pregnancy [26].

diet, medication, and physical activity as
needed to maintain optimal control.

of Adult Literacy in Medicine (REALM) and
the Literacy Assessment for Diabetes.
Tests that assess diabetes numeracy
skills include the Diabetes Numeracy Test,
the Newest Vital Sign (NVS), and the Sin-
gle-Item Literacy Screener (SILS) [27].

cause of language barriers and patient-pro-
vider mistrust. Rates of diabetes are higher
among racial and ethnic minority groups;
15.1% of American Indians and Alaskan
Natives, 12.7% of Non-Hispanic Blacks,
12.1% of Hispanics, and 8% of Asian Amer-
icans have diagnosed diabetes, compared
with 7.4% of non-Hispanic Whites.

Additionally, patient-provider relation-
ship deficits can be attributed to challenges
with communication, including HCPs’ lack
of attention to speaking slowly and clearly
and checking for patients’ understanding
when providing education or gathering in-
formation from people who speak English
as a second language demonstrated that
patients with higher provider mistrust felt
that their provider’s communication style
was less interpersonal and did not feel wel-
come as part of the decision-making pro-
cess [28]. Living with a chronic condition
like diabetes can be stressful. Counselling
and support groups can help individuals
cope with the emotional challenges and
maintain healthy behaviours.

While type 1 diabetes cannot be pre-
vented, there are significant opportunities
to prevent type 2 diabetes and gestation-
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al diabetes through lifestyle modifications,
maintaining a healthy weight, healthy
eating and regular physical activity. Los-
ing weight or maintaining a healthy body
weight can significantly reduce the risk of
type 2 diabetes.

Adopting a balanced diet rich in fruits,
vegetables, whole grains, and lean protein
while limiting unhealthy fats, processed
foods, and sugary drinks promotes healthy
blood sugar levels. Engaging in regular
physical activity, such as brisk walking or
cycling for at least 30 minutes most days of
the week, improves insulin sensitivity and
helps control blood sugar.

Maintaining a healthy weight before
and during pregnancy, consuming a bal-
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anced diet, and exercising regularly can
significantly reduce the risk of gestational
diabetes. Diabetes is a complex and multi-
faceted challenge [29].

Effective management strategies, in-
cluding lifestyle modifications (sleep and
awake cycle), medication, and ongoing sup-
port, individuals with diabetes can live long
and healthy lives. Public health initiatives
focused on promoting healthy lifestyles,
early diagnosis, including measurement of
melatonin levels and access to quality care
are crucial for tackling this global health
epidemic.

By working together, we can empower
individuals with diabetes and prevent the
disease from impacting future generations.

The authors declare no financial or other conflicts of interest that could affect the results, interpretation and conclu-

sions of the study.

References

1. Zhang Y, Fang X, Wei ], Miao R, Wu H, Ma K, Tian
J. PDX-1: A Promising Therapeutic Target to Reverse
Diabetes. Biomolecules [InTeprer]. 30 mcrom. 2022
[tmmroBano 20 Tpas. 2024];12(12):1785. JocTynHo Ha:
https://doi.org/10.3390/biom12121785

2. Alsaedi R, McKeirnan K. Literature Review of Type
2 Diabetes Management and Health Literacy.
Diabetes Spectr [IaTepret]. 27 mum. 2021 [umnToBaHO
20 tpas. 2024]:ds210014. JoctynHo Ha: https://doi.
org/10.2337/ds21-0014

3. Gerber PA, Rutter GA. The Role of Oxidative Stress
and Hypoxia in Pancreatic Beta-Cell Dysfunction in
Diabetes Mellitus. Antioxid Amp Redox Signal [IaTep-
Het]. KBiT. 2017 [1tmToBarO 20 Tpas. 2024];26(10):501-
18. HoctyHo Ha: https:/ /doi.org/10.1089/
ars.2016.6755

4. Bockenhauer D, Bichet DG. Pathophysiology,
diagnosis and management of nephrogenic diabetes
insipidus. Nat Rev Nephrol [Iurepret]. 16 ueps. 2015
[tmmroBano 20 Tpas. 2024];11(10):576-88. [JocTymHO Ha:
https://doi.org/10.1038 /nrneph.2015.89

5. Milano S, Carmosino M, Gerbino A, Svelto M, Procino
G. Hereditary Nephrogenic Diabetes Insipidus:
Pathophysiology and Possible Treatment. An Update.
Int ] Mol Sci [IaTeprer]. 10 ymcron. 2017 [mmToBarHo
20 Tpas. 2024];18(11):2385. Hoctymro Ha: https://doi.
org/10.3390/ijms18112385

6. Javeed N, Matveyenko AV. Circadian Etiology of Type
2 Diabetes Mellitus. Physiology [IuTepret]. 1 Gepes.

https:/ /science.bsmu.edu.ua/

2018 [ourosano 20 Tpas. 2024];33(2):138-50. HocTymHo
Ha: https://doi.org/10.1152 /physiol.00003.2018

7. Szmuilowicz ED, Josefson JL, Metzger BE. Gestational
Diabetes Mellitus. Endocrinol Metab Clin North
Am [Iareprer]. Bepec. 2019 [omroBaHo 20 TpaB.
2024];48(3):479-93. Hocrymuo Ha: https://doi.
org/10.1016/j.ec1.2019.05.001

8. Anik A, Catli G, Abac1 A, Bober E. Maturity-onset
diabetes of the young (MODY): an update. ] Pediatr
Endocrinol Metab [Inreprer]. 1 ciu. 2015 [mmMTOBa-
Ho 20 Tpas. 2024];28(3-4). JoctynHo Ha: https://doi.
org/10.1515/jpem-2014-0384

9. De Franco E. Neonatal diabetes caused by disrupted
pancreatic and -cell development. Diabet Med [IuTep-
Het]. 26 xo0BT. 2021 [mmMToBaHO 20 Tpas. 2024];38(12).
Hocrymmo Ha: https://doi.org/10.1111/dme.14728

10. Urano F. Wolfram Syndrome: Diagnosis, Management,
and Treatment. Curr Diabetes Rep [IuTeprer]. Ciu.
2016 [mmToBaro 20 Tpas. 2024];16(1). HocTymHo Ha:
https://doi.org/10.1007/s11892-015-0702-6

11.Tsang SH, Aycinena ARP, Sharma T. Ciliopathy:
Alstrom  Syndrome [Internet]. Advances in
Experimental Medicine and Biology. Springer
International Publishing; 2018. p. 179-80. Available
from:  http://dx.doi.org/10.1007/978-3-319-95046-
4 35

12.Hu J, Zhang R, Zou H, Xie L, Zhou Z, Xiao Y.
Latent Autoimmune Diabetes in Adults (LADA):
From Immunopathogenesis to Immunotherapy.

ISSN: 3083-5887 online

Rana A, Kushnir O. Diabetes a global challenge and the impact of melatonin
References

20


https://science.bsmu.edu.ua/ 
https://doi.org/10.3390/biom12121785
https://doi.org/10.2337/ds21-0014 
https://doi.org/10.2337/ds21-0014 
https://doi.org/10.1089/ars.2016.6755
https://doi.org/10.1089/ars.2016.6755
https://doi.org/10.1038/nrneph.2015.89 
https://doi.org/10.3390/ijms18112385
https://doi.org/10.3390/ijms18112385
https://doi.org/10.1152/physiol.00003.2018
https://doi.org/10.1016/j.ecl.2019.05.001
https://doi.org/10.1016/j.ecl.2019.05.001
https://doi.org/10.1515/jpem-2014-0384
https://doi.org/10.1515/jpem-2014-0384
https://doi.org/10.1111/dme.14728
https://doi.org/10.1007/s11892-015-0702-6
http://dx.doi.org/10.1007/978-3-319-95046-4_35
http://dx.doi.org/10.1007/978-3-319-95046-4_35

[ TpuponHMyi, MaTeMaTYHI HayKy Ta OCBiTa B MeIMIIVIHI

Natural & Mathematical Sciences in Medicine and Medical Education

1(1) 2024

Pospin 1. [Tpupopsmdi HayKv B MeIVIIVIHI
Section 1. Natural sciences in medicine

Front Endocrinol [laTeprer]|. 21 mm. 2022 [mmrro-
BaHo 20 Tpas. 2024];13. Hoctynno Ha: https://doi.
org/10.3389/fendo.2022.917169

13. Bhattamisra SK, Siang TC, Rong CY, Annan NC, Sean
EH, Xi LW, Lyn OS, Shan LH, Choudhury H, Pandey
M, Gorain B. Type-3c Diabetes Mellitus, Diabetes
of Exocrine Pancreas - An Update. Curr Diabetes
Rev [Iareprert]. 20 cepm. 2019 [mmroBaro 20 Tpas.
2024];15(5):382-94. HoctymHo Ha: https://doi.org/10
.2174/1573399815666190115145702

14. Drucis M, Irga-Jaworska N, Mysliwiec M. Steroid-
induced diabetes in the paediatric population. Pediatr
Endocrinol Diabetes Metab [IaTepret]. 2018 [1mToBa-
Ho 20 Tpas. 2024];24(3):136-9. docTtynHo Ha: https://
doi.org/10.5114/pedm.2018.80995

15.Radtke T, Nevitt SJ, Hebestreit H, Kriemler S.
Physical exercise training for cystic fibrosis. Cochrane
Database Syst Rev [IaTeprer]. 1 mucrom. 2017 [1m-
TosaHo 20 Tpas. 2024]. HoctynHo Ha: https://doi.
org/10.1002/14651858.cd002768.pub4

16.Redondo M], Gignoux CR, Dabelea D, Hagopian
WA, Onengut-Gumuscu S, Oram RA, Rich SS. Type
1 diabetes in diverse ancestries and the use of genetic
risk scores. Lancet Diabetes Amp Endocrinol [InTep-
Hert]. Yeps. 2022 [murosano 20 Tpas. 2024]. JocTy1mHo
Ha: https:/ /doi.org/10.1016/52213-8587(22)00159-0

17.Nassar CM, Montero A, Magee MF. Inpatient
Diabetes Education in the Real World: an Overview
of Guidelines and Delivery Models. Curr Diabetes
Rep [ImTepret]. 12 Bepec. 2019 [umToBaro 20 Tpas.
2024];19(10). docrymHo Ha: https://doi.org/10.1007/
$11892-019-1222-6

18.Refardt J. Diagnosis and differential diagnosis of
diabetes insipidus: Update. Best Pract Amp Res Clin
Endocrinol Amp Metab [IuTepret]. Bepec. 2020 [mm-
toBaro 20 Tpas. 2024];34(5):101398. doctymHo Ha:
https:/ /doi.org/10.1016/j.beem.2020.101398

19. Leelaviwat N, Mekraksakit P, Cross KM, Landis
DM, McLain M, Sehgal L, Payne ]JD. Melatonin:
Translation of Ongoing Studies Into Possible
Therapeutic Applications Outside Sleep Disorders.
Clin Ther [IaTepret]. KsiT. 2022 [mmrroBaro 20 Tpas.
2024]. Hocrymuo Ha: https://doi.org/10.1016/].
clinthera.2022.03.008

20.Yang K, Qiu X, Cao L, Qiu S. The role of melatonin
in the development of postmenopausal osteoporosis.
Front Pharmacol [laTepret]. 7 xost. 2022 [mmmTO-
BaHo 20 Tpas. 2024];13. Hoctynxo Ha: https://doi.
org/10.3389/fphar.2022.975181

21. Mok JX, Ooi JH, Ng KY, Koh RY, Chye SM. A new

https:/ /science.bsmu.edu.ua/

prospective on the role of melatonin in diabetes
and its complications. Horm Mol Biol Clin Investig
[lmTeprer]. 25 xoBT. 2019 [mOmroBarno 20 Tpas.
2024];40(1). Hocrymro Ha: https://doi.org/10.1515/
hmbci-2019-0036

22.Yaremii IM, Kushnir OY, Yaremii KM. Impact of
melatonin on some indicators of carbohydrate
metabolism in liver of rats with dexamethasone-
induced diabetes. AkT. mpobmemm cydac. Memu-
myau [lareprer]. 20 rpyn. 2023 [umroBano 19 mm-
crom. 2024];23(4):261-5. Hoctymao Ha: https://doi.
org/10.31718/2077-1096.23.4.261

23. Onaolapo AY, Onaolapo OJ. Circadian dysrhythmia-
linked diabetes mellitus: Examining melatonin’s
roles in prophylaxis and management. World ]
Diabetes [Iureprer]. 15 mmm. 2018 [mmroBaro 20
TpaB. 2024];9(7):99-114. Hoctymro Ha: https://doi.
org/10.4239/wjd.v9.i7.99

24.7Zhu Y, Zhang C. Prevalence of Gestational Diabetes
and Risk of Progression to Type 2 Diabetes: a Global
Perspective. Curr Diabetes Rep [IaTeprer]. Ciu.
2016 [mmroBaro 20 Tpas. 2024];16(1). HocTymnHo Ha:
https:/ /doi.org/10.1007 /s11892-015-0699-x

25.Shahid R, Iahtisham-Ul-Haq, Mahnoor, Awan
KA, Igbal MJ, Munir H, Saeed I. Diet and lifestyle
modifications for effective management of polycystic
ovarian syndrome (PCOS). ] Food Biochem [IaTep-
Hert]. 24 moT. 2022 [ttnrosano 20 Tpas. 2024]. JocTyn-
Ho Ha: https:/ /doi.org/10.1111/jfbc.14117

26. Christ-Crain M, Gaisl O. Diabetes insipidus. Presse
Medicale [Imrepmer]. I'pym. 2021 [omToBamo 20
Tpas. 2024];50(4):104093. docrymHo Ha: https://doi.
org/10.1016/j.1pm.2021.104093

27.Nassar CM, Montero A, Magee MF. Inpatient
Diabetes Education in the Real World: an Overview
of Guidelines and Delivery Models. Curr Diabetes
Rep [ImTepret]. 12 Bepec. 2019 [umToBaro 20 Tpas.
2024];19(10). docrymHo Ha: https://doi.org/10.1007/
s11892-019-1222-6

28.Milano S, Carmosino M, Gerbino A, Svelto M, Procino
G. Hereditary Nephrogenic Diabetes Insipidus:
Pathophysiology and Possible Treatment. An Update.
Int ] Mol Sci [IaTepret]. 10 mmcron. 2017 [mmToBanHO
20 Tpas. 2024];18(11):2385. HocTymHo Ha: https://doi.
org/10.3390/ijms18112385

29. UranoF. Wolfram Syndrome: Diagnosis, Management,
and Treatment. Curr Diabetes Rep [IuTeprer]. Ciu.
2016 [mmroBaro 20 Tpas. 2024];16(1). HocTymnHo Ha:
https:/ /doi.org/10.1007/s11892-015-0702-6

DOI: 10.24061 /3083-5887.j.nmsmme.2024.1.1.1

Rana A, Kushnir O. Diabetes a global challenge and the impact of melatonin
Natural & Mathematical Sciences in Medicine and Medical Education

21


https://science.bsmu.edu.ua/
http://doi.org/10.24061/3083-5887.j.nmsmme.2024.1.I.1
https://doi.org/10.3389/fendo.2022.917169
https://doi.org/10.3389/fendo.2022.917169
https://doi.org/10.2174/1573399815666190115145702
https://doi.org/10.2174/1573399815666190115145702
https://doi.org/10.5114/pedm.2018.80995
https://doi.org/10.5114/pedm.2018.80995
https://doi.org/10.1002/14651858.cd002768.pub4
https://doi.org/10.1002/14651858.cd002768.pub4
https://doi.org/10.1016/s2213-8587(22)00159-0
https://doi.org/10.1007/s11892-019-1222-6
https://doi.org/10.1007/s11892-019-1222-6
https://doi.org/10.1016/j.beem.2020.101398
https://doi.org/10.1016/j.clinthera.2022.03.008
https://doi.org/10.1016/j.clinthera.2022.03.008
https://doi.org/10.3389/fphar.2022.975181
https://doi.org/10.3389/fphar.2022.975181
https://doi.org/10.1515/hmbci-2019-0036 
https://doi.org/10.1515/hmbci-2019-0036 
https://doi.org/10.31718/2077-1096.23.4.261
https://doi.org/10.31718/2077-1096.23.4.261
https://doi.org/10.4239/wjd.v9.i7.99
https://doi.org/10.4239/wjd.v9.i7.99
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1111/jfbc.14117 
https://doi.org/10.1016/j.lpm.2021.104093
https://doi.org/10.1016/j.lpm.2021.104093
https://doi.org/10.1007/s11892-019-1222-6 
https://doi.org/10.1007/s11892-019-1222-6 
https://doi.org/10.3390/ijms18112385
https://doi.org/10.3390/ijms18112385
https://doi.org/10.1007/s11892-015-0702-6

	Diabetes: a global challenge and the impact of melatonin
	Introduction
	I. Unveiling the Different Faces of Diabetes
	II. Identification of risk factor for diabetes
	III. Investigations of melatonin effects in diabetes mellitus conditions
	IV. Taking Control: Management Strategies for Diabetes
	V. Discussion and conclusion
	References


