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ABSTRACT

This review attempts to summarize the literature findings of Matured Onset Diabetes in
Young which is known as MODY, highlighting the perspective of the Indian population.
This article provides a gist of the prevalence, clinical features, methods of diagnosis and
probable treatment methods of the disease having an updated list of references of all
recent published articles available in the public domain. An increasing number of people
worldwide, including India is being misdiagnosed as Type 1 or Type 2 Diabetes in spite
of having MODY. Faulty eating habits, sedentary life style and mismanagement of stress
and poor work-life balance is causing the chronic disease on the rise. Misdiagnosis
results in delay of the actual treatment of the disease. Uncontrolled blood sugar levels
for a very long time may lead to several macrovascular and microvascular complications.
This review aims to bring an awareness among people to understand the characteristics
of the disease, the possible ways of managing the disease and the precautions to be
taken in order to prevent it. The possible reasons and probable solution for the problem
of the alarming increase of the disease in India is being discussed here.
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INTRODUCTION

Diabetes is a metabolic disease having
clinical characteristics of chronic
hyperglycaemia due to defective insulin
secretion and/or action. Low levels of
insulin cause prolonged rise in blood
sugar which causes polydipsia, polyuria,
polyphagia, blurred vision and weight loss.
If left untreated, it may cause diabetic keto
acidosis, stupor coma and even death. It
is called as the epidemic of the century.!
Diabetes is one of the oldest diseases
known, reported in Egyptian manuscripts
around 3000 years ago. People having
diabetes suffer from short term and long
term complications which may be fatal.” It
has been reported that approximately 415
million people in the World are living with
diabetes currently.’ Maturity Onset Diabetes
Mellitus of the young, abbreviated as
MODY is a heterogeneous disease resulting
due to genetic mutations which causes
dysfunctioning of B-cell of pancreas.”

Tatersall ez al. reported in 1974 MODY in a
family having mild clinical characteristic of
Diabetes Mellitus.* Heterozygous mutations
of glucokinase gene were recognized in
1992 as the cause of MODY.? The clinical
characteristics of MODY include common
Type I and Type 11 diabetes symptoms.

LITERATURE REVIEW AND SEARCH
STRATEGY

A thorough literature search was done for
relevant articles in databases like Science
Direct, Pubmed, Cochrane library, Medline,
Embase and general google search. Search
terminologies used included but were
limited to Diabetes review, treatments
for diabetes, incidence and prevalence of
Diabetes in India and the wotld and Diabetic
complications. Relevant articles which were
suitable for writing this review were included
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while old articles dated in 1980 or before were excluded
since the medical treatments have evolved a lot in recent
times. Articles having information on other chronic
diseases like hypertension were not included in this review.
Research papers containing both positive and negative
outcomes have been taken into consideration in order
to make this review non-biased. Articles published after
the year 2000 have been referred in order to make this
review an updated one.

INDIAN PERSPECTIVE

As per International Diabetes Federation, Atlas India is
the second largest country in the World having Diabetic
patients. 62 million people are affected presently and
the Figure is expected to rise by more than one hundred
million by 2030. Type 1 and Type 2 diabetes are common
in India accounting for greater than 95% of the cases.
MODY was reported in India in 1985.

The number of Type 2 Diabetes Mellitus cases in India
is exponentially increasing since the last 30 years. 8-10
percent and 15 percent of the population of India are
having Type 2 Diabetes and pre diabetes respectively.
MODY cases in India are also often misdiagnosed as Type
1 Diabetes Mellitus and wrongly treated with insulin.®

MODY is reported to occur in 1-2% of diabetic cases.
Owing to high cost of genetic testing and similar clinical
characteristics with Type 1 and Type 2 Diabetes, it is often
misdiagnosed.’

The disease Diabetes causes deterioration in Quality of
Life. They have problems with freedom to eat and drink;
living conditions and reaction of people."

TYPES OF DIABETES

The following are the types of the disease:

1. Type 1 Diabetes Mellitus: It is also called as
Autoimmune type 1 diabetes constituting about 5-10%
of diabetic patients. 80-90 percent of children and
young adults are diagnosed with this type of diabetes.
It results due to destruction of pancreatic {8 cells. Type
2 Diabetes Mellitus: It is the most common type of
Diabetes Mellitus affecting adults between 40 and 59
years of age.

2. Monogenic Diabetes: This is caused due to genetic
defects in § cells of pancreas. MODY is a category
of this disease which affects adults less than 25 years
of age.

3. Gestational Diabetes: Hyperglycaemia due to
Type 2 diabetes during pregnancy is known as
gestational diabetes. Risks associated with it are
macrosomia, caesarean delivery, pre term birth and
preeclampsia.! Gestational diabetes generally occurs
in the second or third trimesters of pregnancy and
usually did not have the disease before.

INCIDENCE AND PREVALENCE

It has been reported that more than 400 million people
wortldwide is suffering from Diabetes."

Around 80% of people living in low income and middle
income countries are suffering from Diabetes. 439 million
people are expected to have the disease by 2030. Majority
of Diabetes cases are Type 11, the rest are Type 1."?

The Western Pacific Region has the highest number of
diabetic adults (37.5%).

Type I Diabetes is called as the Disease of Wealth as an
increasing number of western countries are having the
disease. Diabetes is expected to increase in huge numbers
in the regions of Asia, Africa and Middle East."”

As many individuals as 80 percent of young population
having diabetes are misdiagnosed as having Type I or
Type 1I diabetes. It is a common form of monogenic
disease, affecting 1-2% of diabetics in Europe. Genetic
mutations also result in many cases of MODY in UK.*

6.5% of Norwegian children having diabetes have been
reported to have MODY."

One of the most well-known forms of monogenic
diabetes is MODY. Neonatal diabetes occurring before
six months of age is also categorized here. Itis suspected
in individuals having positive family history, lack of
risk factors of type 2 diabetes, type 1 diabetes markers,
auto-antibodies and levels of C-peptide assay should be
investigated to conclude MODY diabetes."

MODY is well available among people of Europe and
United Kingdom. Prevalence of the disease in South
America, Africa, Asia and Middle East is not known.
Further research regarding this is required.'s

MODY is also reported in Asian Indians.

MODY is also reported in European countries of
Greece, Denmark, Czech Republic, Netherlands, United
Kingdom, Italy, Spain, Germany and Austria.’
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MODY has also been reported in school going children
in Japan."”

POSSIBLE CAUSES OF THE DISEASE

Type 2 Diabetes Mellitus mainly results due to genes,
insufficient physical activity, sedentary habits, excessive
smoking and drinking.'?

The most common causes of MODY are mutations of
glucokinase (causes MODY 2) and genes of hepatocyte
nuclear factor (HNF) 1A/4A (causes MODY 1 and
MODY 3). The former is mild, asymptomatic and normal
glucose levels; while the latter cause a gradual destruction
of pancreatic § cells and hyperglycaemia which may result
in microvasculat complications.*

As per a reported study, smoking was associated with risk
of Diabetes Mellitus."

Figure 1 Represents pictorially the major causes for
MODY in India.

PATHOPHYSIOLOGY

Insulin insensitivity due to insulin resistance which
results in reduced insulin production and $-cell damage.
Glucose transport ratio gets reduced in liver, muscle and
fat cells. This in turn causes more fat breakdown and
hyperglycaemia.'?

MODY is caused by a group of monogenetic form of
the disease. High blood sugar levels causes stress in 3
cells which causes cell death. It is generally inherited
in autosomal dominant way affecting families having
diabetes for many generations.'

Diabetic patients with MODY have symptoms of
carly onset of Diabetes and do not have features of
autoimmunity and insulin resistance."”

Single gene mutation of the pancreatic B-cells causes the
endocrine disorder which results in MODY.!¢

Increased stress

\
v

MODY in India

Underage smoking and Sedentary life

Drinking

Faulty eating habits
Figure 1: Possible causes of the Disease in India.
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Mutations of 14 genes have been identified till date which
causes MODY.*

Genetic mutations causing MODY have been observed in
HNF1B, INS, NEUROT1, PDX1, PAX4, ABCCS8, GCK,
HNF1A, HNI4.A4, KCNJ11, KL.F11, CEL, APPL.T and
BLK?

Genetic mutation of the gene HNF1A is a common cause
of MODY. It is a polymorphic gene having over 1200
pathogenic and non-pathogenic vatiants.”

In MODY only insulin secretion is impaired, insulin
action is not affected.”

Pharmacological treatment is not usually required for the
glycemic control of MODY.*

DIAGNOSIS

Glycosylated Hemoglobin, also called as HbA, _provides
the integrated glycaemic index of 120 days lifespan of
RBC. A value of more than 6% HbA, _indicates Diabetes.
For well controlled diabetes, HbA value should be kept
below 6.5%.%

Proper diagnosis of MODY is required in order to
differentiate it from the other types of diabetes. In the
United States, a large volume of young adults were
diagnosed with MODY by molecular methods. Prior to
that, they were mistakenly given treatments for Type 1
ot Type 2 diabetes.*

As per the SEARCH study conducted on youth, 36%
of MODY patients having mutated gene variants were
misdiagnosed as having Type 1 diabetes and only 19%
of them received appropriate treatment.”

Islet antibodies GADA, 1A-2A, HLA, TAA, ZnT8A,
HbA, and C-peptide are collected during diagnosis.
Serum C-peptide from random blood sugars are
measured. MODY is diagnosed by identifying pathogenic
ot likely variants in the genes.®

Genetic testing is possible since the 1990s for identification
of genes causing MODY.*

Molecular genetic testing to detect MODY include
single or multi gene serial gene-targeted testing and
chromosome microarray or exome sequencing analysis
called as comprehensive genomic testing.”’

Once a patient gets genetic diagnosis of MODY, genetic
testing may be offered to other family members in order
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to rule out genetic predisposition. This phenomenon is
called cascade testing.”®

Since MODY diabetes is a genetic disease, DNA analysis
of family members of patients may be done.”

C-peptide assay may be conducted for suspected MODY
individuals like onset before 45 years of age, absence of
B-cell autoimmunity and insulin resistance. This assay
characterises the functioning of pancreatic B-cells. Insulin
treatment is not required if its level is more than 200
pmol/L following 3 years of insulin treatment."”

India is making rapid advances in genetic testing.
Molecular genetic testing is available in the country for
diagnosis of MODY.’

However, in Asian diabetics, rate of detection of
autoantibodies is low and is expensive.”

TREATMENT

Insulin is used to treat Type I diabetes mellitus. It is also
used as an add on therapy with oral hypoglycaemic agents
for the treatment of Type II diabetes. Types of insulin’s
used include long and intermediate acting insulin’s like
Neutral protamine Hagedorn (NPH), lente and ultralente
insulin. They cause irregular absorption, hypoglycaemia
may result at the peak time of action.

Most of the MODY patients do not require treatment
due to the characteristics of mild hyperglycaemia and
no long term microvascular complications. Progressive
B-cell damage require treatment with low dose
sulphonylurea.”’

MODY due to mutations of HNF4A and HNF1A genes
require treatment with oral hypoglycaemic agents like
sulphonylureas. Medical treatment involves the practice
of “Precision Medicine”. It refers to the knowledge and
application of one’s intuition, susceptibility and etiology
of disease and treatment response. Low carbohydrate
diet may be followed as the HbAlc values for these
individuals come in the non-diabetic range. When glucose
control becomes ineffective after many years, diet and
oral hypoglycaemic agents may be used for the disease
management.”

Insulin lispro and as part are rapid acting in nature. Insulin
glargine is a long acting peak less insulin."

Low dose insulin may be used for the treatment of
MODY.*
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The following is a Table (Table 1) representing oral
hypoglycaemic agents which may be used for the
treatment of MODY:"'*

MANAGEMENT OF THE DISEASE

Maintaining a healthy body weight, BMI of within 25
kg/m?, consumption of high fibers, regular exercise and
cutting down of unsaturated fats, trans-fats and foods
having a high glycaemic index are essential for managing
the disease propetly.”

A diabetic diet may be used to control hyperglycaemia
in pregnancy.”

Yoga and meditation is non pharmacological way of
managing the chronic disease. A literature study reported
that practice of meditation for six months lowered
blood sugar and improved the HbAlc value of diabetic
patients.”

COMPLICATIONS DUE TO DIABETES

Type 1 and Type 2 diabetes is associated with chronic
macrovascular complications like stroke, peripheral
vascular disease and coronary heart disease; and
microvascular complications like diabetic neuropathy,
retinopathy and amputation of lower extremities.
Acute complications associated with Diabetes are
diabetic ketoacidosis, lactic acidosis, hypoglycaemia
and hyperosmolar state. Diabetic patients are at an
increased risk of having infections like tuberculosis,
urinary tract infection, hospital acquired postoperative
infection and tropical diseases. They are also at risk of
suffering from anxiety, dementia, eating disorders, and
psychiatric disorders like mental illness, dementia and
major depressive disorders.’

In a reported study conducted in France, proteinutia,
retinopathy and peripheral neuropathy occurred in 4-6%
of MODY individuals.*

Both microvascular and macrovascular complications
occurring in MODY patients were found to be similar
to that of Type 1 and Type 2 diabetic patients.’

MODY genes damage insulin production which causes
hyperglycaemia resulting in damage to eyes, nerves,
kidneys and blood vessels. The disease will get detected
upon routine testing as long term diabetic complications
do not develop in MODY.™
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Table 1: Summary of anti-diabetic drugs

Class of Drugs

Drugs under the category

Mechanism of Action

Major Adverse events

Sulphonylureas

a-Glucosidase Inhibitors

Biguanides

Thiazolidinediones

Sodium Glucose Co-transporter-2
inhibitors

DPP-4 Inhibitor

Tolbutamide, Clorpropamide,
Gliclazide, Glipizide,
Glibenclamide, Glimepiride

Acarbose, Miglitol, Voglibose

Metformin, Phenformin

Pioglitazone
Rosiglitazone

Dapagliflozin

Canagliflozin

Empagliflozin
Ipragliflozin

Sitagliptin

Stimulates insulin secretion
from B-cells of pancreas,
decreases hepatic clearance
of insulin

Delays absorption of
carbohydrates from small
intestine; lowers blood
glucose

Decreases hepatic glucose
production, intestinal glucose
absorption, improves insulin

sensitivity
Decreases insulin resistance
by activating PPARY
receptors

Inhibits SGLT2 in proximal
convoluted tubule, prevents

reabsorption and promotes
excretion of glucose in urine

Inhibits the enzyme DPP-4

Hypoglycaemia

Gastrointestinal disturbances

Nausea, diarrhoea,
abdominal cramps, appetite
loss

Cardiovascular toxicity, risk
of bone fracture, bladder
cancer
Urinary infection, vulvitis
and vaginitis (women),
balanoposthitis and balantis
(men)

Extremity pain

Vildagliptin
Saxagliptin
Linagliptin
Alogliptin
Dutogliptin
Gemigliptin

which regulates activity

of glucagon-like-peptide

and glucose-dependent
insulinotropic peptide

As per a reported literature, patients having GCK-
MODY have mildly raised blood sugar concentration.
This usually does not require treatment and don’t lead
to complications associated with diabetes.”

Another published literature reported that microvascular
and macrovascular diabetic complications are rare in
MODY due to GCK. Hyperglycaemia treatment is not
necessary for MODY unless for pregnancy. The treatment
depends on the genotype of foetus and how it responds
and senses maternal hyperglycaemia.’

DISCUSSION

General guidelines to manage diabetes involve physical
exercise, maintenance of healthy body weight, abstaining
tobacco and alcohol use. Families having positive family
history may prevent it by consuming diet rich in fiber
and grains, choosing healthy polyunsaturated fats like
fish, nuts and vegetable oils; limiting sugar and red meat
consumption. Well controlled diabetes may delay and
prevent the occutrrence of Diabetic complications.*

As per published literatures, many Indians regularly
consume alcohol. The age of drinking is going down
considerably. Many teenage people in India have started
abusing alcohol.*
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Yoga originated in India more than 5000 years ago. It
helps to balance the mind, body emotions. It regulates
eating patterns and helps in the management of eating
disorders. Yoga and meditation have been reported in
published literatures to be helpful in managing stress and
for controlling diabetes.”

CONCLUSION AND FUTURE PROSPECTIVE

Several hospitals are available in India for exclusive
treatment and care of Diabetic patients.

MODY which occurs in young adults and even teenagers
are becoming widely prevalent in India currently. This is
occurring due to the increased number of students and
young professionals for mismanaging stress, sedentary
lifestyle, consumption of fast food and unchecked
abuse of tobacco and alcohol. People in India should be
counselled about stress management and practice yoga
and meditation. They should be warned about the dangers
and health hazards of underage smoking and drinking,
Further, children and adolescents should be encouraged
to participate in outdoor activities and sports instead of
spending too much time on mobile phones, television
and other electronic gadgets.
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Physicians practicing in India should take adequate care
not to misdiagnose MODY as Type 1 or Type 2 Diabetes.
MODY is having good pancreatic B-cell functioning
does not need insulin treatment. Improper diagnosis and
treatment of MODY may cause uncontrolled glycaemic
levels for several years, resulting in complications at a
later stage.

Further, the molecular genetic testing in India for
the diagnosis of MODY is expensive considering the
economy of India. These tests may be made available to
common people at a subsidised rate.

ACKNOWLEDGEMENT

The authors are thankful to GITAM University for
allowing them to conduct this review.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ABBREVIATIONS

MODY: Matured Onset Diabetes of the Young; HNF:
Hepatocyte Nuclear Factor; HbAlc: Haemoglobin Alc;
NPH (insulin): Neutral Protamine Hagedorn; SGLT2:
Sodium Glucose Co-transporter-2; DPP-4: Dipeptidyl
Peptidase-4.

REFERENCES

1. Kharroubi Akram T, Darwish Hisham M. Diabetes mellitus: The epidemic of the
century. World J Diabetes. 2015;6(6):850-67. doi: 10.4239/wjd.v6.i6.850. PMID
26131326.

2. Ovsyannikova AK, Rymar OD, Ivanoshchuk DE, Mikhailova Svetlana V,
Shakhtshneider EV, Orlov PS, et al. A case of maturity onset diabetes of
the young (MODY3) in a family with a novel HNF1A gene mutation in five
generations. Diabetes Ther. 2018;9(1):413-20. doi: 10.1007/s13300-017-0350-8,
PMID 29222740.

3. Harding Jessica L, Pavkov Meda E, Magliano Dianna J, Shaw Jonathan E,
Gregg Edward W. Global trends in diabetes complications: A review of current
evidence. Diabetologia. 2019;62(1):3-16. doi: 10.1007/s00125-018-4711-2,
PMID 30171279.

4. Anik Ahmet, Cath Gonul, Abaci Ayhan, Béber Ece. Maturity-onset diabetes of
the young (MODY): An update. J Pediatr Endocrinol Metab. 2015;28(3-4):251-63.
doi: 10.1515/jpem-2014-0384, PMID 25581748.

5. Chakera Ali J, Steele Anna M, Gloyn Anna L, Shepherd Maggie H, Shields
Beverley, Ellard Sian, et al. Recognition and management of individuals with
hyperglycemia because of a heterozygous glucokinase mutation. Diabetes
Care. 2015;38(7):1383-92. doi: 10.2337/dc14-2769, PMID 26106223.

6. Carlsson Annelie, Shepherd Maggie, Ellard Sian, Weedon Michael, Lernmark
Ake, Forsander Gun, et al. Absence of islet autoantibodies and modestly
raised glucosevalues at diabetes diagnosis should lead to testing for MODY:
Lessons from a 5-year pediatric Swedish national cohort study. Diabetes Care.
2020;43(1):82-9. doi: 10.2337/dc19-0747, PMID 31704690.

7. Nair Veena V, Chapla Aaron, Arulappan Nishanth, Thomas Nihal. Molecular
diagnosis of maturity onset diabetes of the young in India. Indian J Endocrinol
Metab. 2013;17(3):430-41. doi: 10.4103/2230-8210.111636, PMID 23869298.

8. Dutta Deep, Ghosh Soumitra. Young-onset diabetes: An Indian perspective.
Indian J Med Res. 2019;149(4):441-2. doi: 10.4103/jmr.lJMR_1938_18, PMID
31411167.

9. Alvelos Maria I, Gongalves Catarina |, Coutinho Eduarda, Almeida Joana T,
Bastos Margarida, Sampaio Maria L, et al. Maturity-onset diabetes of the young
(MODY) in Portugal: Novel GCK, HNFA1 and HNFA4 mutations. J Clin Med.
2020;9(1):288. doi: 10.3390/jcm9010288, PMID 31968686.

10. Szopa Magdalena, Matejko Bartlomiej, Ucieklak Damian, Uchman Agata,
Hohendorff Jerzy, Mrozinska Sandra, et al. Quality of life assessment in
patients with HNF1A-MODY and GCK-MODY. Endocrine. 2019;64(2):246-53.
doi: 10.1007/s12020-018-1812-0, PMID 30421137.

11. Padhi Santwana, Nayak Amit Kumar, Behera Anindita. Type |l diabetes
mellitus: A review on recent drug based therapeutics. Biomed Pharmacother.
2020;131:110708. doi: 10.1016/j.biopha.2020.110708. PMID 32927252.

12. Olokoba Abdulfatai B, Obateru Olusegun A, Olokoba Lateefat B. Type 2
diabetes mellitus: A review of current trends. Oman Med J. 2012;27(4):269-73.
doi: 10.5001/0mj.2012.68, PMID 23071876.

13. Forbes Josephine M, Cooper Mark E. Mechanisms of diabetic complications.
Physiol Rev. 2013;93(1):137-88. doi: 10.1152/physrev.00045.2011, PMID
23303908.

14. Trojanowski Bernadette M, Salem Heba H, Neubauer Heike, Simon Eric,
Wagner Martin, et al. Elevated B-cell stress levels promote severe diabetes
development in mice with MODY4. J Endocrinol. 2020;244(2):323-37. doi:
10.1530/JOE-19-0208, PMID 31682591.

15. Kleinberger Jeffrey W, Pollin Toni I. Undiagnosed MODY: Time for action. Curr
Diab Rep. 2015;15(12):110. doi: 10.1007/s11892-015-0681-7, PMID 26458381.

16. Nkonge Ken Munene, Nkonge Dennis Karani, Nkonge Teresa Njeri. The
epidemiology, molecular pathogenesis, diagnosis, and treatment of maturity-
onset diabetes of the young (MODY). Clin Diabetes Endocrinol. 2020;6(1):20.
doi: 10.1186/s40842-020-00112-5, PMID 33292863.

17. Urakami T. Maturity-onset diabetes of the young (MODY): Current perspectives
on diagnosis and treatment, Dovepress,12; 2019. p. 1047-56.

18. Shi Liang, Shu Xiao-Ou, Li Honglan, Cai Hui, Liu Qiaolan, Zheng Wei, et al.
Physical activity, smoking, and alcohol consumption in association with
incidence of Type 2 diabetes among middle-aged and elderly Chinese men.
PLOS ONE. 2013;8(11):e77919. doi: 10.1371/journal.pone.0077919, PMID
24223743.

19. Bishay Ramy H, Greenfield Jerry R. A review of maturity onset diabetes of
theyoung (MODY) and challenges in the management of glucokinase-MODY.
Narrative review; 2016.

20. Urbanova Jana, Brunerova Ludmila, Nunes Marisa, Broz Jan. Identification of
MODY among patients screened for gestational diabetes: a clinician’s guide.
Arch Gynecol Obstet. 2020;302(2):305-14. doi: 10.1007/s00404-020-05626-y,
PMID 32495018.

21. Hoffman Laura S, Fox Tamaryn J, Catherine Anastasopoulou, Ishwarlal Jialal.

=

Maturity onset diabetes in the young. Stat. 2020.

22. Valkovicova Terezia, Skopkova Martina, Stanik Juraj, Gasperikova
Daniela. Novel insights into genetics and clinics of the HNF1A-MODY. Endocr
Regul. 2019;53(2):110-34. doi: 10.2478/enr-2019-0013, PMID 31517624.

23. Ming-Qiang Zhu, Yang-Li Dai, Ke Huang, Wei W, Jun-Fen F, Chao-Chun Zou,
et al. Maturity onset diabetes of the young (MODY) in Chinese children: Genes
and clinical phenotypes. J Pediatr Endocrinol Metab. 2019;32(7):759-65. doi:
10.1515/jpem-2018-0446, PMID 31216263.

24. Shields BM, Hicks S, Shepherd MH, Colclough K, Hattersley AT, Ellard S.
Maturity-onset diabetes of the young (MODY): how many cases are we
missing? Diabetologia. 2010;53(12):2504-8. doi: 10.1007/s00125-010-1799-4,
PMID 20499044.

. Chris Florkowski. HbA, as a diagnostic test for diabetes mellitus ~Reviewing
the evidence. Clin Biochem Rev. 2013;34.

26. Kleinberger Jeffrey W, Copeland Kenneth C, Gandica Rachelle G, Morey W,

Haymond Lynne L, Linder Levitsky Barbara, et al. Monogenic diabetes in

2

(&

overweight and obese youth diagnosed with type 2 diabetes: The TODAY
clinical trial, Monogenic diabetes in overweight and obese youth diagnosed
with type 2 diabetes: The TODAY clinical trial; 2017.

27. Naylor Rochelle, Knight Johnson Amy, Del Gaudio Daniela. Maturity-onset
diabetes of the young overview. United States National Library of Medicine;
2018.

Indian Journal of Pharmacy Practice, Vol 15, Issue 1, Jan-Mar, 2022



28.

29.

30.

3

S

32.

33.

34.

Sarkar and Rajamani.: Review on MODY in India

Weinreich Stephanie S, Bosma Astrid, Henneman Lidewij, Rigter Tessel, Spruijt
Carla MJ, Grimbergen Anneliese JEMA, et al. A decade of molecular genetic
testing for MODY: A retrospective study of utilization in the Netherlands. Eur
J Hum Genet. 2015;23(1):29-33. doi: 10.1038/ejhg.2014.59, PMID 24736738.
Gardner Daphne SL, Tai EShyong. Clinical features and treatment of maturity
onset diabetes of the young (MODY). Diabetes Metab Syndr Obes. 2012;5:101-8.
doi: 10.2147/DMS0.S23353, PMID 22654519.

Delvecchio Maurizio, Pastore Carmela, Giordano Paola. Treatment options
for MODY patients: A systematic review of literature. Diabetes Ther.
2020;11(8):1667-85. doi: 10.1007/s13300-020-00864-4, PMID 32583173.

. Sola Daniele, Rossi Luca, Schianca Gian Piero Carnevale, Maffioli Pamela,

Bigliocca Marcello, Mella Roberto, et al. Sulfonylureas and their use in clinical
practice. Arch Med Sci. 2015;11(4):840-8. doi: 10.5114/aoms.2015.53304,
PMID 26322096.

Van De Laar Floris A, Lucassen Peter L, Akkermans Reinier P, Van De Lisdonk
Eloy H, Rutten Guy E, Van Weel Chris. Alpha-glucosidase inhibitors for patients
with type 2 diabetes: Results from a Cochrane systematic review and meta-
analysis. Diabetes Care. 2005;28(1):154-63. doi: 10.2337/diacare.28.1.154,
PMID 15616251.

Keen H, Jarrett RJ. The uses of biguanides in diabetes mellitus. Postgrad Med
J. 1968;44(512):466-8. doi: 10.1136/pgm;j.44.512.466, PMID 5665747.
Lebovitz Harold E. Thiazolidinediones: The forgotten diabetes medications.
Curr Diab Rep. 2019;19(12):151. doi: 10.1007/s11892-019-1270-y, PMID
31776781.

Indian Journal of Pharmacy Practice, Vol 15, Issue 1, Jan-Mar, 2022

35.

36.

37.

38.

39.

40

4

e

Kalra Sanjay. Sodium glucose Co-Transporter-2 (SGLT2) inhibitors: A review
of their basic and Clinical Pharmacology. Diabetes Ther. 2014;5(2):355-66. doi:
10.1007/s13300-014-0089-4, PMID 25424969.

Dickens Laura T, Letourneau Lisa R, Sanyoura May, Greeley Siri Atma W,
Philipson Louis H, Naylor Rochelle N. Management and pregnancy outcomes
of women with GCK-MODY enrolled in the US Monogenic Diabetes Registry.
Acta Diabetol. 2019;56(4):405-11. doi: 10.1007/s00592-018-1267-z, PMID
30535721.

Sinha Shashank Shekhar, Jain Ajay Kumar, Tyagi Sanjay, Gupta SK, Mahajan
Aarti Sood. Effect of 6 months of meditation on blood sugar, glycosylated
hemoglobin, and insulin levels in patients of coronary artery disease. Int J Yoga.
2018;11(2):122-8. doi: 10.4103/ijoy.lJOY_30_17, PMID 29755221.

Yahaya Tajudeen O, Ufuoma Shemishere B. Genetics and pathophysiology of
maturity-onset diabetes of the young (MODY): Areview of current trends. Oman
Med J. 2020;35(3):e126. doi: 10.5001/0m;j.2020.44, PMID 32489678.

Luca DL, Owens E, Sharma G. The effectiveness and effects of alcohol
regulation: Evidence from India. IZA J Develop Migration. 2019;9(1):4. doi:
10.1186/s40176-018-0139-1.

. Raveendran Arkiath Veettil, Deshpandae Anjali, Joshi Shashank R. Therapeutic

role of yoga in Type 2 diabetes. Endocrinol Metab (Seoul). 2018;33(3):307-17.
doi: 10.3803/EnM.2018.33.3.307, PMID 30112866.

. Gupta Vishal, Kalra Sanjay. Choosing a gliptin. Indian J Endocrinol Metab.

2011;15(4):298-308. doi: 10.4103/2230-8210.85583, PMID 22029001.



