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Predominant genetic mutations leading to or predisposing diabetes progress: 
A Review
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Abstract: Diabetes mellitus (DM) arises following poor capacity to generate or secrete insulin or insulin resistance; hence 
insulin production impairment creates the illness. Individuals can control their weight, impulsivity, blood pressure, and 
blood lipids at the commencement of the disease. A single genetic mutation affects nearly 3% of people with diabetes. 
Surprisingly, beta cell function is regulated by more than 20 genes. Benefits of genetic diagnosis include improved therapy, 
better prediction of illness prognosis and progression, genetic counseling, and possibly prevention. Alpha HNF1 mutations 
in the early stages may respond to the regimen. Still, most patients need it because they control their blood glucose and 
will be subject to microvascular or macrovascular complications. In cases where insulin does not control sugar, using 
low-dose sulfonylureas would be beneficial and lower four times the glucose metabolism of metformin. These patients 
are susceptible to sulfonylureas and may be treated for years in case of no blood glucose attack complications. The drug 
will start at one-fourth of the adult dose: MODY1. It is caused by a mutation in the alpha-HNF 4 gene and is relatively 
uncommon. The same is true, but the threshold for renal excretion is not low, and the incidence of upward alpha-HNF 4 
mutations in cases where there is a robust clinical panel for alpha HNF 1 but not confirmed by genetic sequencing should 
be considered. The disease is also susceptible to sulfonylureas: MODY4 with a mutation in the MODY6 gene, IPF1, with a 
mutation in MODY7, NeuroD1 is characterized by a carboxy sterilise mutation, which is not common: MODY2. In children 
and adolescents, an increment in fasting blood glucose of 100 to 150 mg/dl is not typical. The incidence of this condition is 
usually considered to be type 1 or 2 diabetes, but a large percentage of the above patients are heterozygote individuals, the 
glucokinase mutations. Specific mutations, including those rare variants in WFS1 and ABCC8 genes, insulin receptor (IR), 
fructose 6-phosphate aminotransferase (GFPT2), and nitric oxide synthase (eNOS), as well as mouse pancreatic β-cell 
lines (Min6 and SJ cells), showed that the HDAC4 variant (p. His227Arg) had been directly linked with T2DM.
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Introduction
Diabetes is a metabolic disorder that affects the human 

body1. The body's ability to produce or release insulin hor-
mone is lost or becomes insulin-resistant, resulting in de-
creased insulin production. The primary function of insulin 
is to reduce blood sugar levels through various processes2.

Diabetes can be categorized into two types. Pancreatic 
β-cell degeneration causes defective insulin production in 
type 1 diabetes. In contrast, in type 2 diabetes, a progres-
sive resistance to insulin occurs in the body that can even-
tually result in pancreatic-cell degeneration and complete 
insulin-producing insufficiency. Genetic factors, obesity, and 
dementia 3 influence type 2 diabetes.

Diabetes impairs the body's ability to use and meta-
bolize glucose and lower blood glucose levels, culminating 
in hyperglycemia2,4. Long-term sugar accumulation in the 
body destroys very small veins, affecting different organs 
such as the kidneys, eyes, and nerves5. Since diabetes rai-
ses the risk of cardiovascular disease, screening and early 
diagnosis of the condition in high-risk people can help pre-
vent these complications6.

Factors Affecting Type 2 Diabetes
Many factors contribute to the onset of diabetes, some 

of which can be controlled by individuals, such as weight, 
impulsivity, blood pressure, and lipids. Other cases, howe-
ver, appear to be linked to the disease7. For instance, if 
someone in your family has diabetes, you are also at risk 
of developing it (which points to genetic influences in the 
disease)7,8. Some surveys have found that certain breeds, 
including blacks, Spaniards, and American Indians, are 
more likely to show the impact of race on the disease9. The 
risk of developing diabetes, however, rises with age. The 
prevalence of diabetic patients with the polycystic ovarian 
syndrome was shown to be higher (PCOS) in females10-12.

Gestational Diabetes
Any elevation in blood glucose during pregnancy rea-

ching a high level of 5-10% of the population is called ges-
tational diabetes1. It has been determined that pregnancy 
itself can be one of the causes of diabetes. This effect is 
due to increased body resistance to insulin and increased 
insulin to compensate for this problem. Pregnancy can 
reveal even mild deficiencies of insulin secretion, leading 
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to glucose intolerance and gestational diabetes13. On the 
other hand, some patients with mildly diabetic glucose are 
screened during pregnancy under this group4. Gestational 
diabetes involves 3-8% of pregnancies and is also one of 
the risk factors for poor pregnancy outcomes. This condition 
can also cause type 2 diabetes. Research has outlined that 
almost half of these women will develop diabetes over the 
next 20 to 30 years14. Increased gestational diabetes has 
been reported in recent years. Several factors have contri-
buted to this increase. These include the high prevalence 
of obesity among young patients and improving the survival 
of female children whose birth weight is at the two ends of 
the normal birth weight range. In adulthood, these children 
have impaired insulin function or the ability to secrete insu-
lin that can predispose them to gestational diabetes15. Ges-
tational diabetes can cause serious complications for the 
mother and the baby. These complications can be mitigated 
by proper diagnosis and treatment. Women with high risk 
for 75G glucose tolerance test (OGTT) are tested at the first 
post-pregnancy visit, and a re-test is implemented at 24 to 
28 weeks of pregnancy. Treatment for gestational diabetes 
is primarily a diet and physical activity, and insulin therapy 
is used to control sugar in the absence of response. These 
women are also tested regularly after pregnancy16.

Other types of diabetes

Genetic defects of β-cells
Diabetes is a complex and heterogeneous condition 

characterized by persistent hyperglycemia caused by de-
fects in insulin secretion, insulin resistance, or a combina-
tion of the two. It has been estimated that roughly 5% of all 
types of diabetes are caused by these mutations. Neverthe-
less, accurate diagnosis is vital in treatment, prognosis, and 
assessment of the risk in the family17. The most frequent 
type is usually linked with an increase in low glucose levels 
(under 25 years of age) and is acknowledged as the most 
commonly diagnosed diabetes mellitus in young patients 
(called MODY, which is the acronym for maturity-onset dia-
betes of the young). This type is an autosomal recessive 
disorder which affects six chromosomal locations. The mu-
tations mainly occur (50-70 percent of cases) on chromo-
some 12 in the hepatic transcription factor, also known as 
HNF-1 mutation18.

The second one is associated with the glucokinase 
mutation on the 7p chromosome, leading to the production 
of a defective glucokinase molecule (the enzyme catalyzes 
the formation of glucose-6-phosphate) and stimulation of 
insulin secretion. Higher glucose levels are required for 
normal insulin secretion due to this mutation. Other gene 
transcription factors with sporadic mutations include HNF-
4α, HNF-1β, IPF-1 and NeuroD119. Genetic tests for this 
type are commonly used in cases where the incidence of 
diabetes is low and unusual symptoms associated with type 
1 diabetes and 2 are observed or a strong family history of 
this type is recommended20. Maternally Inherited Diabetes 
and Deafness (MIDD) is caused by an alteration or mutation 
in mitochondrial DNA (the most frequent change is known 
as 3243A>G) and was first identified in the early 1990s21. 
The disease is associated with diabetes and deafness22. 
The most common form of mutation in position 3243 is in 
the tRNA of the leucine gene. A similar lesion is observed in 
MELAS (Mitochondrial encephalopathy, lactic acidosis, and 
stroke-like episodes); however, diabetes is not part of the 

syndrome23. In small families, genetic disorders resulting in 
the inability to convert proinsulin to insulin have also been 
observed. This is inherited as an autosomal dominant trait. 
In this case, the glucose disorder is mild24. Neonatal dia-
betes mellitus is another heterogeneous group of diabetics 
that occurs up to 6 months of age and has an approximate 
incidence of 1:100,000 live births with variations within diffe-
rent ethnic groups. Several mutations that interrupt the pro-
cess of pancreatic organogenesis, the formation of -cells, 
and the production of insulin cause the disorder. Abnorma-
lities of the 6q24 region and mutations of the genes coding 
for the ATP-dependent potassium channel are the most 
common genetic causes of neonatal diabetes with normal 
pancreatic shape17.

Disorders of the insulin function
Genetic disorders of insulin function include unusual 

cases of diabetes. Metabolic disorders caused by these 
mutations comprise hyperinsulinemia, mild hyperglycemia, 
and severe diabetes. Some patients with these defects may 
have nigricans acanthosis25. Women may exhibit male body 
traits and have cystic ovaries. In the past, this syndrome 
was considered an insulin resistance type. Leprechaunism 
(also known as Donohue syndrome) and Rabson-Menden-
hall are two syndromes in children that contain mutations in 
insulin receptors resulting from severe insulin resistance26.

Outbreaks of pancreatic bronchitis
Diabetes is one of the chronic complications of chro-

nic pancreatitis. The difference in this type of diabetes is 
the destruction of the pancreatic endocrine, and therefore 
the glucagon secretion also mitigates; thus, in these diabe-
tic patients, the risk of hypoglycemia (a decrease in blood 
sugar) is sought after treatment27. Apart from pancreatitis, 
diabetes can be a complication of any damage to the pan-
creas, including infections, pancreatic surgery, and pan-
creatic cancer28.

Endocrine disorders
Several insulin-like hormones participate, and excessi-

ve discharge can lead to diabetes initiation. Usually, this si-
tuation is observed in patients predisposed to diabetes due 
to defective diabetes insulin secretion29. Increased growth 
hormone and cortisol are commonly caused by hormonal 
disorders that lead to diabetes, resulting in increased com-
plications and cardiovascular mortality in these diseases 
owing to diabetes. These hormonal disorders have been 
attributed. It is estimated that 16-56% of patients have acro-
megaly, and a 20-50% increase in diabetes mellitus occu-
rred in Cushing's syndrome30.

Diabetes through drugs or chemicals
Irreversible degeneration of β-cells may occur in rare 

cases following the administration of mouse poison vapor 
or intravenous pentamidine. Some medications can also 
interfere with insulin function. For example, nicotinic acid 
and glucocorticoids are from this category. Patients taking 
interferon-alpha also have antibodies to pancreatic anes-
thetics or severe insulin deficiency in some cases31. Some 
high-performance and relatively safe drugs are associated 
with an increased risk of diabetes, including anti-hyperten-
sion, statins and beta-blockers32. Regarding statins studies 
have exhibited that this increase in risk is meager, and at 
present, this increase in trouble does not justify stopping or 
reducing statin use33.
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Rare types
Infections: Some infections such as measles, conge-

nital cytomegalovirus, and coxsackie virus subtypes by 3 
and 434.

Types of Rare immunity: Stiff man's syndrome, anti-in-
sulin-receptor antibodies35.

Other genetic syndromes that are associated with in-
creased risk of diabetes include Down syndrome, Klin-
efelter syndrome, Turner syndrome, Wolfram Syndrome, 
Friedreich's ataxia (FRDA), Huntington's Disease, Lauren-
ce-Moon-Bardet-Biedl syndrome (LMBBS), Myotonic Dys-
trophy, Porphyria, and Prader Willi Syndrome (PWS)36.

Informal categories
The last official categorization of diabetes was by the 

American Diabetes Association in 1997, and despite its pro-
blems, it is still underlined by the main authorities37. Howe-
ver, diabetes has long been characterized by a heteroge-
neous disease and may require a new division. Below are 
some suggestions for categorization:

Type one and a half diabetes
Latent Autoimmune Diabetes of Adults (LADA), a sub-

type of type I that has characteristics of type 2 diabetes, is 
supposed to be one and a half in between the two types of 
diabetes38. Those under age 50 are slimmer, have a history 
of autoimmune diseases, and will likely require insulin within 
5 years after the onset of the disease39.

Type 3 diabetes
Epidemiologic and scientific evidence suggests a 

common pathophysiology of type 2 diabetes (T2DM) and 
Alzheimer's disease (AD). As far as the hypothesis is con-
cerned that AD may be "type 3 diabetes". Researchers have 
found that insulin resistance being the main marker as a 
mechanism for diabetes, also occurs in the brain. It is wor-
th considering that, unlike insulin-dependent members, the 
muscle, the liver, and the fatty tissue, the brain is one of the 
insulin-independent organs, not requiring insulin to enter 
glucose into the cells. Then they disclosed that the resistan-
ce is associated with Alzheimer's disease40. Another study 
outlined that Alzheimer's can develop in the brain without 
hyperglycemia41.

There is growing interest in detecting the role of insulin 
genes and insulin-like growth factor (IGF) and its related re-
ceptors (T2DM) in developing cognitive impairment, Alzhei-
mer's disease and Aβ lesions in the brain. This relationship 
suggests that insulin and the mechanism of insulin signaling 
are essential for the survival of neurons. Noticeably, stu-
dies have exhibited reduced brain growth and increased tau 
phosphorylation in insulin-receptor-2-impaired mice. On the 
other hand, various studies have revealed that extractable 
amyloid beta (ADDL) ligands may also be responsible for 
this phenomenon. ADDL has similar morphology and size 
oligomers to prions associated with neurodegenerative di-
seases. ADDLs may lower insulin levels and insulin resis-
tance in the brain of Alzheimer's patients. It is concluded 
that the term "type 3 diabetes" indicates that Alzheimer's 
disease is a type of diabetes that selectively involves the 
brain and has molecular and biochemical properties that 
overlap with type 1 and type 2 diabetes41-43.

Signs and symptoms
In the early stages, diabetes may be asymptomatic. 

Many patients are accidentally diagnosed in a test or during 
screening. As blood glucose levels enhance, symptoms of 
diabetes will become more apparent. Hyper-uremia, over-
drinking, overeating, and weight loss, despite high appetite, 
fatigue, and blurred vision, are common symptoms of dia-
betes. Many patients have had diabetes for several years 
at diagnosis and even have diabetes complications. In chil-
dren with type 1 diabetes, symptoms usually appear sud-
denly; these patients are generally healthy, while not obe-
se previously. In adults, these symptoms tend to be more 
pronounced. Ketoacidosis can be observed as a symptom 
of the onset of the disease in type 1 diabetes44. In type 2 
diabetes, an individual is usually asymptomatic for several 
years. Symptoms are generally mild and gradually deterio-
rate. Eventually, the person suffers from excessive fatigue 
and blurred vision and may develop dehydration. In these 
patients, the incidence of ketoacidosis is lower due to in-
sulin production. However, blood glucose can increase to 
very high levels, and the person may develop hyper-mus-
cular shock. The results of a study exhibit that stress and 
depression increase the likelihood of stroke and death from 
cardiovascular disease in patients with diabetes more than 
twice45.

Risk factors for type 2 diabetes
Some risk factors are as follows: 
·       Age over 40 years
·       First-degree family with type 2 diabetes
·       A history of pre-diabetic glucose disorders (impai-

red glucose tolerance, impaired fasting glucose)
·       The history of gestational diabetes
·       The history of the birth of a baby with macrosomia 

(overweight)
·       The presence of complications of diabetes on the 

organs of the body
·       There are risk factors for cardiovascular disease 

(such as high blood fat, high blood pressure, and obesity)
 ·       The presence of diabetes-related diseases (poly-

cystic ovarian syndrome, acanthosis nigricans, HIV infec-
tion, and some psychiatric disorders such as schizophrenia, 
depression and bipolar disorder)

 ·       Use of diabetes medications: Corticosteroids, 
atypical antipsychotics, HIV / AIDS treatment46-49.

Pre-diabetic disorders
In patients with type 2 diabetes, diabetes develops gra-

dually over several years. Patients undergo an asymptoma-
tic preparatory phase before reaching clear and distinct dia-
betes. The group prescribes pre-diabetes as some source 
of "increased risk of diabetes." The World Health Organiza-
tion also calls them "hyperglycemia"50,51.

In this group of patients, the criteria for diagnosis of dia-
betes, such as fasting plasma glucose FPG or hemoglobin 
A1C, or oral glucose tolerance test (OGTT), is higher than 
the normal values and does not go well enough to diagnose 
diabetes mellitus. Accordingly, in each of the three methods 
of diagnosis of diabetes, we are confronted with a group 
that has normal values ​​to diabetic levels in the middle52.

Regarding fasting blood glucose, the normal value is 
below 100 mg / dL, and the limit for diagnosis of diabetes 
is 126 mg / dL. Therefore, patients with fasting blood su-
gar of between 100 and 125 mg / dL, having dysfunction of 
pre-diabetics, are called "Impaired fasting glucose" (IFG).

In hemoglobin A1C, normal values ​​are below 5.6%, 
and the diagnostic limit of diabetes is more significant than 
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6.5%. Hence, individuals with values ​​between 5.7% and 
4.6% are included in the pre-diabetic group.

In the glucose tolerance test, normal blood glucose le-
vels are less than 140 mg / dL two hours after eating 75 
milligrams of sugar, whereas, for diabetes, this value should 
be greater than or equal to 200 mg / dL, which is why this 
subgroup of patients, whose values ​​range from 140 to 199 
milligrams per deciliter, is called "impaired glucose toleran-
ce" (IGT)53.

Patients in these three groups do not necessarily over-
lap. In other words, someone may have normal fasting 
blood glucose but with a diabetic pre-diabetic glucose to-
lerance test.

The next point is that, in the clinical practice field, the 
use of a sugar tolerance test, although accurate, is not usua-
lly recommended for diagnosis of diabetes, nor pre-diabetic 
diagnosis, and is most often used for research and epide-
miological research. The current criteria are fasting blood 
glucose or hemoglobin A1C, considered the most appro-
priate test for asymptomatic individuals50.

But the most crucial issue in diabetic patients is their 
outcome and how to deal with this disorder. Patients with 
type 2 diabetes should have a pre-diabetic condition before 
they develop diabetes, which will put them at risk of being 
able to prevent diabetes by appropriate treatment. Today, 
there is a controversy about the drug treatment of these pa-
tients. The American Diabetes Association ADA says that 
if a predisposed person has high-risk criteria (body mass 
index BMI greater than 35, a family history of diabetes in 
first-degree relatives or a woman who has a history of ges-
tational diabetes), it is better to use metformin to prevent the 
onset of diabetes. However, most patients do not have the-
se criteria and must change their lifestyles. These patients 
must have a curriculum to lose weight and increase physical 
activity by regular exercise at least five times a week. These 
patients should also be tested annually for diabetes, while 
they, besides diabetes, are at a higher risk for cardiovascu-
lar disease and therefore need to be screened for cardio-
vascular disease54.

Exercise and diabetes
Exercise helps people with diabetes avoid heart attac-

ks, blindness, and nerve damage. When you eat, your blood 
sugar levels increase. The more blood levels increase, the 
more sugar the cells stick. When sugar is attached to the 
cell, it can no longer be separated and become a harmful 
substance called sorbitol, which can cause blindness, deaf-
ness, brain damage, and burning legs syndrome55.

When sugar is delivered to your body, it can only be 
stored in the liver and muscle cells. The sugars have no 
place to go if the liver and muscle cells are saturated with 
carbohydrates. If the storage of muscle cells is consumed 
after exercise, after the meal, sugars are absorbed by the 
muscle, and their amount does not increase in the blood56.

However, transcription factors seem not to be the only 
factors involved in differentiating α to β cells. In a study in this 
regard, stem cells were used to create insulin-producing β 
cells. However, observations suggest that these cells cannot 
respond to glucose extracellular stimuli. By inserting these 
cells into mice's bodies and maturation of these cells for five 
months, these cells find the ability to balance the blood sugar 
relative to the extracellular stimulus of glucose. Epigenetic 
changes play a significant role in determining the fate of en-
docrine cells and their full maturity. In other words, transcrip-
tion factors and epigenetic modifications both play a role in 

deciding the fate of a cell and a specific feature of that cell57.
DNA methylation is one of the epigenetic changes con-

tributing to a cell's survival. Recent studies have exhibited 
that the role of methylation in α pancreatic cells is not limi-
ted to cell survival. In these cells, DNA methylation main-
tains the specific character of α cells and differentiates them 
from other endocrine cells. Dnmt1 is one of the enzymes 
involved in DNA methylation, and the researchers study si-
multaneously the enzyme and the Arx transcription factor to 
differentiate α to β cells58.

Removing the Arx transcription factor alone causes 
30% of α cells to become β-like cells after 12 weeks. Howe-
ver, newly created cells do not have specific markers of 
β-cell maturation. In contrast, with the removal of Dnmt1, 
none of the particular early factors of β cells occurred after 
10 months. In the next step, the removal of both Arx and 
Dnmt1 factors took place. In the 12th week, the elimination 
of these two factors resulted in more than 50% of α-cells 
able to produce insulin, and the expression of specific fac-
tors associated with β-maturity was observed. Notably, the 
newly produced β cells are similar to those of the β core in 
terms of their physiological properties. As a result of this 
research, the importance of two factors, Arx and Dnmt1, 
was identified in maintaining the characteristics of α cells. It 
was also exhibited that the elimination of these two factors 
contributes to the specific properties of β cells59. Diabetes 
treatment can also be considered. Treatment for diabetic 
wounds is implemented in different ways:

Foot care: This includes moisturizing the wound envi-
ronment by choosing the right ingredient, as well as keeping 
the edges of the wound dry. In patients with insulin-depen-
dent diabetes mellitus, care lasts for about 3 years.

Antibiotics: Antibiotics are prescribed even when infec-
tions have not occurred (prophylaxis) to prevent infection.

Blood Glucose Control: One of the causes of diabetic 
wounds is high blood sugar. High blood glucose reduces 
immunity and delay wound healing. Blood glucose control, 
either as a medicine or as a diet, as well as short-term insu-
lin administration, would improve ulcer healing.

Skin transplant: This can also treat diabetic wounds.
Surgery: Removing dead tissue around the wound site is 

usually implemented to cleanse and heal the wounds. Bypass 
surgery improves blood flow to the legs, which may help heal 
the wound and prevent amputation, and it is needed at the end 
of the amputation to stop the infection from spreading.

Hyperthermia Oxygen Therapy: Increasing the concen-
tration of O2 from 20% to 100% by 5 times and increasing 
its pressure from 1 atm to 2 atm total leads to a 10-fold in-
crease in oxygen content. One of its effects is the formation 
of more blood vessels in the area mitigating blood flow and 
more proper flow to areas that have blocked blood. Hyper-
baric oxygen therapy seems to help lower amputation.

American researchers believe that the current treatment 
of diabetes can help adults to live well with the aging process60.

Types of Monogenic Diabetes and Their Care

Diabetes mellitus under the age of six months and 
neonatal diabetes

There is usually no diabetes mellitus in this age ran-
ge. The HLA analysis also identifies more protective types 
against type one61. Neonatal diabetes begins at the begin-
ning of the first three months of life, and insulin needs to 
control the sugar. Clinically, there are two subgroups for the 
neonatal subgroup. The transient type of neonatal diabe-
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tes is characterized by an improvement of about 12 weeks, 
though more than 50% of them eventually relapse. This type 
needs lifelong treatment after diagnosis. There is a neonatal 
transitional diabetes mellitus and a neonatal mutation gene 
(ABCC8, KCNJ11 receptor sulfonylurea)62. For both cases, 
the use of sulfonylureas may be beneficial. If both parents 
have glucose intolerance, heterozygote or homozygote mu-
tations are common. At the onset of neonatal diabetes, it 
can be challenging to detect transient or persistent diabe-
tes. The common cause of transitional neonatal diabetes is 
a disorder of the gene 6 q2463. Parental or dystonic polysac-
charides and methylation are common disorders. Diabetes 
mellitus begins in the first week and recovers at 12 weeks. 
In 50% of cases, diabetes recurs in a child64.

Macroglossia is observed in 23% of cases. Blood glu-
cose is between 200 and 1000 mg/ dL and is needed to con-
trol insulin requirements, but insulin needs to be reduced 
quickly. In the phase of patient improvement, care should 
be taken65. Treatment with sulfonylureas and metformin has 
not been appropriately evaluated. The second most persis-
tent and transient diabetes infection in the first 6 months of 
the mutation is Kir 6.2 gene. While 10% may be temporary 
(although the likelihood of relapse is high), most cases of 
diabetes are due to this permanent gene deficiency. Most 
patients only have diabetes, but there may be neurologi-
cal manifestations in 20% of cases. In 90% of cases, the 
disease is due to a new mutation. Severe cases may be 
associated with severe developmental delay and epilepsy, 
similar to West syndrome. This condition is known as the 
DEND syndrome (Delay, Epilepsy Neonatal Diabetes De-
velopmental), with a complete clinical profile of insulin de-
pendence, and 30% of them are referred to by ketoacidosis. 
Peptide C levels cannot be measured, and in these patients 
with sulfonylureas, The whole face is not treated. Still, re-
latively good control can be given to them without the risk 
of hypoglycemia66. A dose of 0.5 mg/kg is used to manage 
glibenclamide properly.

Wolcott-Rallison syndrome is characterized by diabe-
tes, episodial dysplasia, renal dysfunction, acute liver fai-
lure, and developmental delay with recessive inheritance. 
This disease is associated with the mutation of E1F2AK3. 
Diabetes usually precedes early life. (Although there may 
be delayed onset), and decreasing beta cells and reducing 
insulin secretion by an immune mechanism67.

There is a need for insulin for treatment. This diagnosis 
should be considered in diabetic patients starting at age 3 
and with episodial dysplasia or acute renal failure68.

Familial types of diabetes
MODY3 The possibility of monogenic diabetes in cases 

where one of the parents is diabetic (type 1 or 2) should be 
considered69. The most common form of familial diabetes 
mellitus is due to the mutated nuclear factor of hepatocytes, 
alpha-HNF 1, which are characterized by: 

▪ Diabetes mellitus that begins in the lower ages but is not 
insulin-dependent (not associated with ketoacidosis, the low 
metabolic rate of insulin is produced appropriately). There is 
a secretion of the C Peptide outside the honeymoon period70.

▪ There is a family history of diabetes. Diabetes begins 
in parents at 20-30 or even at 40 and may be treated with 
either insulin. They may even have one of the grandparents 
or grandparents71.

▪ Glucose tolerance testing in the early stages of high 
blood sugar (usually more than 90 mg). Some patients may 
have normal fasting blood glucose. Still, at the second glu-

cose test, they reach the diagnostic range of diabetes72.
Blood glucose is often observed even though blood glu-

cose is average because the threshold for renal excretion is 
low in patients.

Severe hypersensitivity to sulfonylureas causes hypoglyce-
mia (despite poor glycemic control before the onset of the drug)73.

Major mutations in diabetes
Mutations are genetic sequence variations that can 

have a wide range of effects on a person's health86. A sin-
gle genetic mutation affects about 3% of diabetic patients. 
Surprisingly, more than 20 genes are involved in beta cell 
activity. Improved therapy, better prediction of disease prog-
nosis and progression, genetic counseling, and possibly 
prevention are all benefits of genetic diagnosis74.

Alpha HNF1 mutations in the early stages may respond 
to the regimen. Still, most patients need it because control 
of their blood glucose will be confused and subject to micro-
vascular or macrovascular complications. In cases where 
insulin does not control sugar, low-dose sulfonylureas will 
be beneficial and lower 4 times the glucose metabolism 
of metformin75 (Table 1). These patients are susceptible to 
sulfonylureas and may be treated for years if they have no 
problems with blood glucose attacks. Glycemic control with 
sulfonylureas will be better than insulin to avoid hypoglyce-
mic episodes. The drug will start at one-fourth of the adult 
dose: MODY176. It is caused by a mutation in the alpha-HNF 
4 gene and is relatively uncommon. The same is true, but 
the threshold for renal excretion is not low, and the inciden-
ce of upward alpha-HNF 4 mutations in cases with a solid 
clinical panel for alpha HNF 177, but not confirmed by gene-
tic sequencing, should be considered. The disease is also 
susceptible to sulfonylureas:

MODY4 mutation in the MODY6 gene, IPF1, with a mu-
tation in MODY7, NeuroD1, is characterized by a carboxy ste-
rilipase mutation, which is not typical: MODY2. The increase 
in fasting blood glucose in 100 to 150 mg/dl is uncommon 
in children and adolescents. The incidence of this condition 
is usually considered to be type 1 or 2 diabetes, but a large 
percentage of the above patients are heterozygote individuals, 
the glucokinase mutation mutations78 (figures 1 and 2).

Identifying the genetic mutations underlying early-onset 
diabetes is critical for determining the specific diabetes sub-
type, allowing for proper treatment and assessment of re-
currence risk in offspring. Given the disease's great genetic 
and clinical heterogeneity, high-throughput sequencing may 
provide additional diagnostic insight if Sanger sequencing 
is ineffective79. In one survey, 102 genes were re-sequen-
ced in 30 patients who tested negative for mutations in the 
GCK, GCK, HNF1α, HNF4α, HNF1β, and IPF1 genes using 
Sanger sequencing. Undetermined mutations in the RFX6 
gene were discovered in three patients, and rare variants 
in the WFS1 and ABCC8 genes were discovered in two of 
them23. All of the patients responded favorably to dipeptidyl 
peptidase-4 (DPP4) inhibitors. According to their findings, 
next-generation sequencing (NGS) is a susceptible method 
for identifying variants in new diabetes-causing genes. This 
path may help to understand the molecular etiology of dia-
betes and provide more personalized treatment for each 
genetic subtype80.

Diabetes mellitus is linked to several natural mutations 
in the human insulin gene. Wakayama, Los Angeles, and 
Chicago mutant molecules were evaluated using molecular 
docking and molecular dynamics (MD) to investigate me-
chanisms of deprived binding affinity for insulin receptors 
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Figure 1. Mutations in the human mitochondria and diabetes (Biorender Program).

Figure 2. Pediatrics diabetes and insulin mutations (Biorender Program).
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(IR)23. Insulin Wakayama, is a variant in which valine at po-
sition A3 is substituted by leucine. In contrast, in insulin, Los 
Angeles and Chicago, phenylalanine at positions B24 and 
B25 are replaced by serine and leucine, respectively81. The-
se mutations cause significant changes in IR binding affinity. 
The molecular docking was done using the ZDOCK server, 
and the MD study was done using AMBER 14. MD was also 
performed using the previously published crystal structure 
of IR bound to natural insulin. In detail, the binding interac-
tions and MD trajectories explained the critical factors for 
deprived binding to the IR. When valine was replaced by 
leucine, the surface area around position A3 increased. In 
contrast, at positions B24 and B25, the aromatic amino acid 
phenylalanine was replaced by non-aromatic serine and 
leucine, which may be responsible for fewer binding inte-
ractions at the IR binding site, leading to complex instability. 
The standard mode analysis, rmsd trajectories, and fluctua-
tion prediction in the MD simulation indicated instability of 
complexes with mutant insulin in the order of native insulin 
Chicago insulin, los Angeles insulin Wakayama molecules, 
which corresponds to the biological evidence of the mutant 
insulins' differing affinities for the IR81,82.

Direct sequencing was used to screen the INS gene. A 
mixed-meal test was performed on the probands and their 
affected relatives. I-TASSER was used to model mutation 
predictions, which were then visualized using Swiss-Pdb 
Viewer83. In three generations of patients with clinically 
distinct diabetes, a novel heterozygous frameshift muta-
tion p.Gln78fs in the INS gene was discovered. The single 
nucleotide deletion (c.233delA) is predicted to change and 
lengthen the amino acid sequence, resulting in aberrant 
proinsulin lacking native C-peptide and A-chain structures. 
The heterozygous mutation c.188-31G>A within the termi-
nal intron was discovered in the second family. The mother 
and her daughter were misdiagnosed with type 1 diabetes 
when they were 6 and 2 years old, respectively. This finding 
contrasts with the previously reported case of a carrier of 

the same mutation diagnosed with permanent neonatal dia-
betes. We discovered a new coding frameshift mutation and 
an intronic mutation in the INS gene that cause childhood 
diabetes. INS mutations can cause a variety of phenotypes, 
implying that additional mechanisms are at work in the pa-
thogenesis and clinical manifestation of diabetes84.

The glutamine fructose 6-phosphate aminotransferase 
(GFPT2) gene, which is located on the long arm of chromo-
some 5, has recently been linked to type 2 diabetes. The TT 
genotype was linked to the disease in one study. Compared 
to the control, the nitric oxide synthase gene (eNOS) muta-
tion in Glu 298 Asp was associated with type 2 diabetes23. 
Mendelian diabetes develops as a result of molecular me-
chanisms that modulate cell pathophysiology. As a result, 
Class IIa histone deacetylases (HDAC4, 5, 7, and 9) regula-
te pancreatic endocrine cell activity and glucose homeosta-
sis in mammals. Sanger sequencing on mouse pancreatic 
cell lines (Min6 and SJ cells) identified an HDAC4 variant 
(p.His227Arg) as a disease determinant. However, two 
other variants, p.Asp234Asn and p.Glu374Lys were also 
found in non-autoimmune diabetes85.

Conclusions
Diabetes mellitus (DM) is caused by a lack of ability to 

produce or secrete insulin or by insulin resistance; thus, in-
sulin production impairment causes the disease. Individuals 
can control some factors that contribute to the onset of the 
disease, such as weight, impulsivity, blood pressure, and li-
pids. A single genetic mutation affects about 3% of diabetic 
patients. Interestingly, more than 20 genes are involved in the 
function of beta cells. Improved therapy, better prediction of 
disease prognosis and progression, genetic counseling, and 
possibly prevention are all benefits of gene diagnosis.

Alpha HNF1 mutations in the early stages may respond 
to the regimen. Still, most patients need it because they 

Table 1. Major mutations in the T2DM
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control their blood glucose and will be subject to microvas-
cular or macrovascular complications. In cases where insu-
lin does not control sugar, using low-dose sulfonylureas will 
be beneficial and lower 4 times the glucose metabolism of 
metformin. These patients are susceptible to sulfonylureas 
and may be treated for years in case of no blood gluco-
se attack complications. The drug will start at one-fourth of 
the adult dose: MODY1. It is caused by a mutation in the 
alpha-HNF 4 gene and is relatively uncommon. The same 
is true, but the threshold for renal excretion is not low. The 
incidence of upward alpha-HNF 4 mutations in cases with 
a robust clinical panel for alpha-HNF 1 but not confirmed 
by genetic sequencing should be considered. The disease 
is also susceptible to sulfonylureas: MODY4 with a muta-
tion in the MODY6 gene, IPF1, with a mutation in MODY7, 
NeuroD1 is characterized by a carboxy sterilipase mutation, 
which is not typical: MODY2. The increase in fasting blood 
glucose in 100 to 150 mg/dl is uncommon in children and 
adolescents. The incidence of this condition is usually con-
sidered to be type 1 or 2 diabetes, but a large percenta-
ge of the above patients are heterozygote individuals, the 
glucokinase mutations. Other mutations associated with 
T2DM include rare variants in the WFS1 and ABCC8 ge-
nes, insulin receptor (IR), fructose 6-phosphate aminotrans-
ferase (GFPT2), nitric oxide synthase (eNOS), and mouse 
pancreatic cell lines (Min6 and SJ cells) revealed HDAC4 
variant (p.His227Arg).
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