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ABSTRACT: 

Type 2 Diabetes (T2D) poses a growing public 

health challenge in India, where its prevalence 

continues to rise at an alarming rate. Over recent 

decades, India has observed a sharp rise in diabetes 

prevalence, with national rates increasing alongside 

earlier age of onset. This trend not only highlights 

the scale of the burden but also raises important 

questions about the hereditary basis of Type 2 

Diabetes. Understanding its development is 

especially important in the South Asian context, 

where complex interactions between genetics, 

environment and lifestyle create unique patterns of 

risk. This review explores current evidence on the 

drivers of T2D, with attention to how both 

biological and socio-cultural influences shape 

susceptibility. 

Keywords: Type 2 Diabetes Mellitus, Genetic Risk 

Factors, Environmental Risk Factors, Single 

Nucleotide Polymorphisms. 

 

I. INTRODUCTION 
Type 2 Diabetes (T2D) Mellitus is a 

chronic metabolic disorder, commonly 

characterized by insulin resistance and persistent 

high levels of blood sugar. It develops when the 

body's cells become less responsive to insulin, and 

the pancreas can no longer produce enough insulin 

to compensate, leading to elevated blood glucose 

levels over time.  

Type 2 diabetes has multiple acute and 

chronic complications. Examples of acute 

complications are hyperglycaemia (high levels of 

blood sugar) and hypoglycaemia (low levels of 

blood sugar) which can occur because of either an 

incorrect dose of medication or an insufficient dose 

[1,2]. Diabetic ketoacidosis, a life-threatening 

condition that can be characterised as severe 

hyperglycaemia, normally affects patients with 

Type 1 Diabetes, but it can also occur in people 

with T2D. Type 2 Diabetes is also known to 

increase the risk of cardiovascular diseases [3]. 

According to the International Diabetes 

Federation (IDF), approximately 580 million adults 

between the ages 20-79 are living with diabetes, 

and more than 90% of these people have T2D. 

Alarmingly, by the year 2050, this number is 

estimated to increase to 853 million cases [4]. 

In India, the prevalence of diabetes has 

been growing rapidly, positioning the country as a 

key contributor to the global diabetes epidemic. In 

2016, the disability-adjusted life years (DALY) rate 

for diabetes was four times higher than in 1990, 

with the disease rising from the 35th to the 13th 

leading cause of DALYs nationally [5]. The 

presence of diabetes among Indians increased from 

7.1% in 2009 to 8.9% in 2019. Currently, India 

ranks second after China in the number of 

individuals with diabetes, with an estimated 77 

million cases, 12.1 million of whom are over the 

age 65. This number is projected to increase to 27.5 

million by 2045 [6]. There has also been a 

noticeable rise in T2D among younger individuals, 

with many cases linked to a genetic predisposition, 

due to a family history of the condition. Genetic 

susceptibility to insulin deficiency, as well as 

unfavourable fat distribution, are also key factors 

[7, 8].The phenotypic characteristics of T2D in 

Indian populations differ greatly from other 

populations. Many Asian Indians have several 

unique characteristics, collectively referred to as 

the ―Asian Indian Phenotype‖. This includes the 

―thin-fat‖ phenotype, which is defined as an 

individual who has a normal body weight but a 

disproportionately high body fat percentage, also 

known as ‗metabolic obesity‘ [9].  

Comparing South Asians with Europeans, 

South Asians tend to develop T2D earlier and at a 

lower body mass index (BMI) (even though they 

have a higher body fat percentage), with higher 

HbA1c and triglyceride levels than white 

Europeans [10]. HbA1c and triglyceride levels are 

often common features that help clinicians to 

identify T2D. Elevated triglyceride levels are one 

of the criteria to identify a patient who is at risk of 

T2D, usually elevated TG levels are strongly and 

positively associated with inadequate glycaemic 

control [11]. High levels of HbA1c, which is 

known as glycated haemoglobin, implies that there 

is too much sugar in the blood and the patient is 
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more likely to develop diabetes complication. An 

ideal HbA1c level for patients with, or at risk, of 

diabetes is 48 mmol/mol (6.5%) or 42 mmol/mol 

(6%), respectively [12]. 

This review aims to provide an overview 

of the factors that contribute to the high incidence 

of T2D in Indian populations, with a particular 

focus on both genetic and environmental 

contributors. We discuss the epidemiological 

burden and distinctive clinical characteristics of 

T2D in Indians, as well as key genetic risk factors, 

and environmental and lifestyle determinants that 

may interact with genetic susceptibility to 

exacerbate disease risk. Finally, we address the 

current challenges in genomics research specific to 

Indian populations and highlight the need for 

population-specific studies to improve 

understanding and inform precision medicine 

approaches. 

 

II. GENETIC RISK FACTORS IN INDIAN POPULATION 

 
 

Figure 1: Overview of the genetic risk factors associated with type 2 diabetes in Indian populations 

 

2.1. Adipokines and Metabolic Regulation 

Adipokines are proteins secreted by 

adipose tissue, which play a significant role in 

regulating insulin sensitivity and the homeostasis 

of glucose. One such adipokine, adiponectin, has 

been found to have an inverse relationship with 

insulin resistance and T2D risk in South Asians. 

Studies showed lower circulating levels of 

adiponectin in South Asians compared to 

Caucasians, which suggests a possible driver for 

the genetic disparity between the two populations 

[13]. 

According to Khan et al, the most studied 

variants of ADIPOQ – the gene that codes for 

adiponectin – were found to be +10211T/G 

(rs17846866), +45T/G (rs2241766), and +276G/T 

(rs1501299), which are frequently studied within 

Indian populations [14]. A large-scale South Indian 

study (CURES) identified several ADIPOQ single 

nucleotide polymorphisms (SNPs), including 

+276G/T, -4522C/T (rs822393), -11365C/G 

(rs266729), and +712G/A (rs3774261), as 

significantly associated with T2D, obesity, and 

hypoadiponectinemia [15]. Importantly, +45T/G 

(rs2241766) (Figure 1) has been found to confer 

T2D risk in Asian populations but not in 

Caucasians, highlighting the ethnic specificity of 

adiponectin-related genetic susceptibility [16]. 
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2.2 TCF7L2  

Transcription Factor 7-Like 2 (TCF7L2) is 

a transcription factor that is involved in the Wnt 

signalling pathway.[17] The Wnt signalling 

pathway regulates crucial cellular processes such as 

cell fate determination, neural patterning, cell 

migration, cell polarity and organ formation during 

embryonic development and later development 

[18]. As explained by Grant et al, variants of the 

TCF7L2 gene have been identified as a factor of 

susceptibility to T2D [19]. Moreover, a study 

performed on a group ethnic West-Indians patients 

with T2D showed that three TCF7L2 SNPs 

(rs7903146, rs12255372, and rs4506565) were 

significantly associated with increased diabetes 

risk. The risk was particularly pronounced in 

individuals homozygous for the risk alleles, with 

the strongest association observed at rs12255372 

(Figure 1). These genetic variants were associated 

with elevated fasting glucose, 2-hour post-load 

glucose, and insulin resistance in non-diabetic 

individuals, despite no association with BMI or 

waist–hip ratio [20]. This suggests that TCF7L2 

contributes to T2D risk independent of obesity, due 

to the mechanism involving both impaired insulin 

secretion and increased insulin resistance.  

In Indian populations, several additional 

genetic loci have been identified to contribute to 

type 2 diabetes risk, through their effects on insulin 

regulation and glucose metabolism. Variants in 

ADAM30 and CDKN2A/B have been associated 

with altered insulin sensitivity and ß-cell function, 

while NOTCH2 influences basal insulin secretion. 

Polymorphism in CDKAL1 and CXCR4 are linked 

with disturbances in fasting glucose homeostasis. 

Notably, the THADA locus confers diabetes risk 

independent of BMI, highlighting its direct role in 

disease predisposition [21].  

These findings highlight the need for large 

scale genetic studies in Indian populations, to 

betterunderstand disease susceptibility and inform 

precision medicine strategies. 

 

III. ENVIRONMENTAL RISK FACTORS IN INDIAN POPULATION 

 
Figure 2: Overview of the Environmental Risk Factors of Type 2 Diabetes in Indian Populations [22]. 

 

While genetic predispositions play an 

integral part in the high burden of T2D, especially 

amongst the Indian population, genetics alone 

cannot explain the rise in T2D incidence. These 

inherited risk factors often interact with 

environmental and lifestyle conditions, 

compounding the overall risk. Accordingly, it is 

essential to examine the environmental and 

lifestyle determinants of T2D, which not only 

amplify inherent genetic risk but also play a pivotal 

role in shaping disease onset and progression. 

Figure 2 gives a summary of the environmental risk 
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factors associated with the development of Type 2 

Diabetes. 

 

3.1 Dietary Patterns 
Refined rice, a major part of the typical 

South Asian diet, contributes to the incidence of 

T2D due to its high glycaemic index (GI). 

Approximately 23.1% of T2D cases are attributed 

to excess consumption of refined rice. The recent 

rise in T2D incidence has also been linked to the 

intake of refined wheat, which, like white rice has a 

high GI and lower dietary fibre content. This trend 

is closely linked to urbanization, India‘s rising 

economy, and dietary transitions influenced by 

globalization, which has led to the popularity of 

wheat-based foods such as breads and pastries [23]. 

Overconsumption of these refined grains 

is associated with frequent blood sugar spikes and 

reduced fibre intake, both of which increase the 

risk of insulin resistance, leading to a higher risk of 

developing T2D. 

 

3.2 Urbanisation and Effect of Migration 

Evidence from a sibling-paired study 

conducted in India demonstrated that rural-urban 

migrants exhibit a higher prevalence of diabetes, as 

well as obesity, compared to rural non-migrants. 

Migration was associated with higher fat intake and 

reduced physical activity, factors that likely 

contributed to the elevated levels of diabetes 

observed. Additionally, higher levels of serum 

insulin observed in urban migrant participants 

suggested that urbanization may contribute to 

tissue-level insulin resistance [24]. According to a 

recent study which compared the presence of 

diabetes amongst Indian immigrants in the US and 

Indians living in India, it was shown that the 

prevalence of diabetes was higher in the Indian 

cohort compared to the immigrants that were based 

in the U.S.  

On the other hand, pre-diabetes was more 

common in the U.S cohort [25]. Together, these 

findings highlight how different migration contexts 

shape diabetes outcomes, with urban transitions 

within India, and acculturation abroad, each 

exerting unique influences on metabolic risk. 

 

3.3 Early Life and Maternal Factors 

Early life factors may also contribute to 

T2D risk in Indian populations. Specifically, 

exposure to elevated maternal blood glucose levels 

during gestation has been associated with increased 

fat mass at birth, which may predispose the child to 

insulin resistance and impaired glucose regulation 

from an early age. In Indian populations, the 

previously discussed genetic and phenotypic traits, 

such as a tendency toward ―Thin-fat‖ body 

composition may amplify this risk for the mother 

[26]. 

 

3.4 Socioeconomic Status and Health Literacy 

Low literacy levels and limited 

community awareness, which can be observed in 

some cross-sections of Indian populations, can 

often result in poor understanding of the true 

prevalence of T2D, leading to a distorted 

perception of individual susceptibility and the 

seriousness of the disease. It can also lead to a 

delay in diagnosis, which can prove detrimental 

and lead to many complications for the patient in 

the future [27, 28]. Studies have shown that 

participants often lacked understanding of both 

biomedical and socio-spiritual causes of diabetes, 

and tended to dissociate their personal illness 

experience from general knowledge of its causative 

factors [29]. This may prevent individuals taking 

preventative measures, or seeking early diagnosis. 

 

3.5 Cultural Factors  

The South Asian cultural norms also play 

a contributing role in the development of T2D and 

often act as a barrier to healthy eating habits [28]. 

In South Asian communities, cultural and religious 

celebrations often play a central role in social life. 

These gatherings frequently involve the 

consumption of rich, calorie-dense foods that are 

high in refined carbohydrates, sugars, and saturated 

fats - all dietary patterns that have been linked to 

the development of T2D. Such occasions may 

contribute to habitual overeating, 

or make adherence to recommended 

dietary practice more difficult, especially for 

individuals 

at risk of or living with T2D.Gender roles 

in South Asian households also influence the 

patients' management of T2D, especially in 

females. The burden of overwhelming household 

responsibilities which may include preparing food 

for the entire extended family, including joint 

families, often makes it challenging for women to 

prioritise their own dietary needs. As a result, they 

may resort to quicker, more convenient food 

options that typically lack the nutritional quality 

necessary for effective T2D management [30]. 
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IV. CHALLENGES IN INDIAN 

GENOMICS RESEARCH FOR 

IDENTIFICATION OF GENETIC 

RISK FACTORS 
South Asia represents immense genetic 

and environmental diversity, with over 45,000 

anthropologically defined groups. However, South 

Asians remain underrepresented in genomic 

research, comprising less than 2% of global study 

participants, which constrains population-specific 

insights into disease risk and hampers efforts in 

precision medicine [31]. Precision medicine, 

though promising for tailoring interventions based 

on genetic, environmental and lifestyle factors, 

faces considerable challenges in India. These may 

be ethical, social or legal, and include concerns 

about informed consent, patient privacy, genetic 

discrimination, high costs, rural inaccessibility and 

weak regulatory framework [32]. Moreover, the 

principle of informed consent, central to 

biomedical ethics, is difficult to operationalize in 

India due to barriers such as illiteracy, poverty, 

socio-cultural resistance, paternalistic practices and 

inconsistent oversight, particularly among tribal 

and rural caste communities [33]. 

Given the high percentage of T2D patients 

in India, and the various genetic risks driving it, 

expanding genomic research and testing holds 

significant potential for early identification and 

intervention. However, identifying genetic risk 

factors for T2D that are specific to the Indian 

population remains challenging, primarily due to 

the limited availability of genotype-phenotype data 

tailored to this group. This shortage limits the use 

of genetic insights in clinical settings, such as for 

early detection and personalized treatment [34].  

But India is ever changing, and genome 

sequencing is becoming more widely available, one 

example being the Genome India project. Since 

2020, it aims to provide a detailed database of all 

the genetic variations within the diversity of India‘s 

population and as of January 2025, has sequenced 

the genomes of over 10,000 individuals across 99 

ethnic groups [35]. 

 

V. CONCLUSION 
The growing prevalence of T2D in India 

underscores the importance of addressing both 

genetic susceptibility and environmental 

influences. Expanding genomic research offers 

opportunities for earlier detection and tailored 

interventions, but meaningful progress will depend 

on bridging scientific advances with accessible 

healthcare and clear public policy. Looking ahead, 

the integration of genomics with lifestyle and 

environmental data could provide a more complete 

understanding of the risks, paving the way for 

equitable prevention and personalized treatment 

strategies across India‘s diverse population. 

 

REFERENCES 
[1]. Francisco J. Pasquel, Guillermo E. 

Umpierrez, 2014, “Hyperosmolar 

Hyperglycemic State: A Historic Review 

of the Clinical Presentation, Diagnosis, 

and Treatment”, Diabetes Care 

2014;37(11):3124–3131. (DOI: 

10.2337/dc14-0984). 

[2]. Paraskevi Farmaki, Christos Damaskos, 

Nikolaos Garmpis, Anna Garmpi, 

Spyridon Savvanis and Evangelos, 2020, 

―Complications of the Type 2 Diabetes 

Mellitus‖, Current Cardiology Reviews 

2020;6(4):249-251 (DOI: 

10.2174/1573403X1604201229115531). 

[3]. Fasanmade OA, Odeniyi IA, Ogbera AO. 

Diabetic ketoacidosis: diagnosis and 

management. Afr J Med Med Sci. 2008 

Jun;37(2):99-105.PMID: 18939392. 

[4]. International Diabetes Federation: Facts 

and Figures, Retrieved from 

https://idf.org/about-diabetes/diabetes-

facts-figures/. 

[5]. Indian Council of Medical Research, 

Public Health Foundation of India, and 

Institute for Health Metrics and 

Evaluation. India: Health of the Nation's 

States - The India State-Level Disease 

Burden Initiative. New Delhi: ICMR, 

PHFI and IHME; 2017. Available from: 

https://www.healthdata.org/sites/default/fil

es/files/policy_report/2017/India_Health_

of_the_Nation%27s_States_Report_2017.

pdf. 

[6]. Pradeepa Rajendra, Mohan Viswanathan, 

2021, ―Epidemiology of type 2 diabetes in 

India‖, Indian Journal of Ophthalmology 

2021;69(11):p 2932-2938, (DOI: 

10.4103/ijo.IJO_1627_21) 

[7]. Arun Nanditha, Priscilla Susairaj, 

Krishnamoorthy Satheesh, Arun 

Raghavan, Chamukuttan Snehalatha, 

Ambady Ramachandran, 2024, ―The 

rising prevalence of type 2 diabetes among 

the youth in southern India—An ancillary 

analysis of the Secular TRends in 

DiabEtes in India (STRiDE-I) study‖, 

https://doi.org/10.2337/dc14-0984
http://dx.doi.org/10.2174/1573403X1604201229115531
https://pubmed.ncbi.nlm.nih.gov/18939392/
https://idf.org/about-diabetes/diabetes-facts-figures/
https://idf.org/about-diabetes/diabetes-facts-figures/
https://www.healthdata.org/sites/default/files/files/policy_report/2017/India_Health_of_the_Nation%27s_States_Report_2017.pdf
https://www.healthdata.org/sites/default/files/files/policy_report/2017/India_Health_of_the_Nation%27s_States_Report_2017.pdf
https://www.healthdata.org/sites/default/files/files/policy_report/2017/India_Health_of_the_Nation%27s_States_Report_2017.pdf
https://www.healthdata.org/sites/default/files/files/policy_report/2017/India_Health_of_the_Nation%27s_States_Report_2017.pdf
https://journals.lww.com/ijo/toc/2021/11000
https://journals.lww.com/ijo/fulltext/2021/11000/epidemiology_of_type_2_diabetes_in_india.6.aspx
https://onlinelibrary.wiley.com/authored-by/Nanditha/Arun
https://onlinelibrary.wiley.com/authored-by/Susairaj/Priscilla
https://onlinelibrary.wiley.com/authored-by/Satheesh/Krishnamoorthy
https://onlinelibrary.wiley.com/authored-by/Raghavan/Arun
https://onlinelibrary.wiley.com/authored-by/Raghavan/Arun
https://onlinelibrary.wiley.com/authored-by/Raghavan/Arun
https://onlinelibrary.wiley.com/authored-by/Snehalatha/Chamukuttan
https://onlinelibrary.wiley.com/authored-by/Ramachandran/Ambady


 

  

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 5 Sept - Oct 2025, pp: 323-329 www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-1005323329          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 328 

Journal of Diabetes. 2024; 16(7):e13576. 

(DOI:10.1111/1753-0407.13576) 

[8]. Hodgson, S., Williamson, A., Bigossi, M. 

et al.―Genetic basis of early onset and 

progression of type 2 diabetes in South 

Asians‖. Nat Med 31, 323–331 (2025). 

(DOI:10.1038/s41591-024-03317-8). 

[9]. Kapoor N. ―Thin Fat Obesity: The 

Tropical Phenotype of Obesity‖. [Updated 

2021 Mar 14]. In: Feingold KR, Ahmed 

SF, Anawalt B, et al., editors. Endotext 

[Internet]. South Dartmouth (MA): 

MDText.com, Inc.; 2000-. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK

568563/. 

[10]. Sanjay Kalra, Ambrish Mithal, Abdul 

Hamid Zargar, Bipin Sethi, Mala 

Dharmalingam, Sujoy Ghosh, Ranjini Sen, 

2022, ―Indian Phenotype Characteristics 

Among Patients with Type 2 Diabetes 

Mellitus: Insights from a Non-

interventional Nationwide Registry in 

India‖, touchREVIEWS in Endocrinology. 

2022;18(1):63–70. 

(DOI:10.17925/EE.2022.18.1.63). 

[11]. Deqiang Zheng, Jingtao Dou, Guangxu 

Liu, Yuesong Pan, Yuxiang Yan, Fen Liu, 

Herbert Y Gaisano, Juming Lu, Yan He,  

2018, ―Association Between Triglyceride 

Level and Glycemic Control Among 

Insulin-Treated Patients With Type 2 

Diabetes‖, The Journal of Clinical 

Endocrinology & Metabolism, 

2019:104(4), 1211–1220, (DOI: 

10.1210/jc.2018-01656). 

[12]. Diabetes UK, n.d, ―What is HbA1c?‖, 

Retrieved from 

:https://www.diabetes.org.uk/about-

diabetes/looking-after-diabetes/hba1c. 

[13]. Wasim, H., Al-Daghri, N.M., Chetty, R. et 

al. , 2006, ―Relationship of serum 

adiponectin and resistin to glucose 

intolerance and fat topography in south-

Asians‖ Cardiovasc Diabetol 5, 10 (2006). 

(DOI: 10.1186/1475-2840-5-10). 

[14]. Mohammad Danish Khan, Rohit Kumar 

Srivastava, Tarun Kumar Upadhyay and 

Mohammad Mustufa Khan, 2024, ―A 

Systematic Narrative Review on ADIPOQ 

Gene Variants and its Association with 

T2DM in the Indian Population‖, 

Endocrine, Metabolic & Immune 

Disorders - Drug Targets 2024:24(10), 

1161-1168. (DOI: 

10.2174/011871530325783523111706292

8). 

[15]. Kandaswamy Ramya, Kuppuswamy 

Ashok Ayyappa , Saurabh Ghosh, 

Viswanathan Mohan , Venkatesan Radha, 

―Genetic association of ADIPOQ gene 

variants with type 2 diabetes, obesity and 

serum adiponectin levels in south Indian 

population‖, Gene 2013;532(2),253-262. 

(DOI: 10.1016/j.gene.2013.09.012.). 

[16]. Fan, Y., Wang, K., Xu, S., Chen, G., Di, 

H., Cao, M., & Liu, C. (2015). 

Association between ADIPOQ +45T>G 

Polymorphism and Type 2 Diabetes: A 

Systematic Review and Meta-Analysis. 

International Journal of Molecular 

Sciences, 16(1), 704-723. (DOI: 

10.3390/ijms16010704). 

[17]. Ken M. Cadigan, Marian L. Waterman, 

―TCF/LEFS and Wnt Signalling in the 

Nucleus‖, 2012. Cold Spring Harb 

PerspectBiol 4(11):a007906 (DOI: 

10.1101/cshperspect.a007906). 

[18]. Robertson, Sally. (2023, July 21). Wnt 

Signalling Pathway. News-Medical. 

Retrieved on August 27, 2025 from 

https://www.news-medical.net/life-

sciences/Wnt-Signalling-Pathway.aspx. 

[19]. Grant, S., Thorleifsson, G., Reynisdottir, I. 

et al, 2006, ―Variant of transcription factor 

7-like 2 (TCF7L2) gene confers risk of 

type 2 diabetes‖, Nat Genet 38, 320–323 

(2006). (DOI: 10.1038/ng1732). 

[20]. Chandak, G.R., Janipalli, C.S., Bhaskar, S. 

et al. ―Common variants in the TCF7L2 

gene are strongly associated with type 2 

diabetes mellitus in the Indian population. 

Diabetologia 50, 63–67 (2007). (DOI: 

10.1007/s00125-006-0502-20) 

[21]. Gupta, V., Vinay, D.G., Rafiq, S. et al. 

―Association analysis of 31 common 

polymorphisms with type 2 diabetes and 

its related traits in Indian sib pairs‖, 

Diabetologia 55, 349–357 (2012). (DOI: 

10.1007/s00125-011-2355-6) 

[22]. Created in https://www.biorender.com/ 

[23]. O‘Hearn, M., Lara-Castor, L., Cudhea, F. 

et al. ―Incident type 2 diabetes attributable 

to suboptimal diet in 184 countries‖, Nat 

Med 29, 982–995 (2023). 

(DOI:10.1038/s41591-023-02278-8) 

[24]. Ebrahim S, Kinra S, Bowen L, et al. ―The 

effect of rural-to-urban migration on 

obesity and diabetes in India: a cross-

https://doi.org/10.1111/1753-0407.13576
https://doi.org/10.1038/s41591-024-03317-8
https://www.ncbi.nlm.nih.gov/books/NBK568563/
https://www.ncbi.nlm.nih.gov/books/NBK568563/
https://doi.org/10.1210/jc.2018-01656
https://www.diabetes.org.uk/about-diabetes/looking-after-diabetes/hba1c
https://www.diabetes.org.uk/about-diabetes/looking-after-diabetes/hba1c
http://dx.doi.org/10.2174/0118715303257835231117062928
http://dx.doi.org/10.2174/0118715303257835231117062928
https://www.sciencedirect.com/author/7404807947/saurabh-ghosh
https://www.sciencedirect.com/author/57216603627/viswanathan-s-krishna-mohan
https://www.sciencedirect.com/author/35518546800/venkatesan-radha
https://www.sciencedirect.com/author/35518546800/venkatesan-radha
https://www.sciencedirect.com/author/35518546800/venkatesan-radha
https://cshperspectives.cshlp.org/search?author1=Ken+M.+Cadigan&sortspec=date&submit=Submit
https://cshperspectives.cshlp.org/search?author1=Marian+L.+Waterman&sortspec=date&submit=Submit
https://www.news-medical.net/life-sciences/Wnt-Signalling-Pathway.aspx
https://www.news-medical.net/life-sciences/Wnt-Signalling-Pathway.aspx
https://www.biorender.com/


 

  

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 5 Sept - Oct 2025, pp: 323-329 www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-1005323329          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 329 

sectional study‖, PLoS Med. 

2010;7(4):e1000268. Published 2010 Apr 

27. (DOI:10.1371/journal.pmed.1000268) 

[25]. Emma Nichols, Hunter Green, Haomiao 

Jin, David Flood, Elizabeth Rose Mayeda, 

M. Maria Glymour, Namratha R. Kandula, 

Alka M. Kanaya, Jinkook Lee,― 

Immigration, acculturation, and diabetes: 

A comparative study of diabetes 

prevalence among Asian Indian 

immigrants living in the United States and 

native-born populations in India and the 

United States‖, SSM - Population Health, 

Volume 31, 2025, 101777, ISSN 2352-

8273.(DOI: 

10.1016/j.ssmph.2025.101777). 

[26]. Stein, A.D., Obrutu, O.E., Behere, R.V. et 

al. ―Developmental undernutrition, 

offspring obesity and type 2 diabetes‖. 

Diabetologia 62, 1773–1778 (2019). 

(DOI: 10.1007/s00125-019-4930-1). 

[27]. Kindo BK, Himanshu R, Parmar K, Dube 

S, Ramesh J. ―Socioeconomic and 

demographic trends in the prevalence of 

type 2 diabetes in India‖. J Soc Health 

Diabetes 2016;4:90-101. 

[28]. Iqbal S. ―Cultural factors influencing the 

eating behaviours of type 2 diabetes in the 

British South-Asian population: a scoping 

review of the literature.‖, Journal of 

Global Health Reports. 2023;7:e2023050. 

(DOI:10.29392/001c.84191). 

[29]. Mendenhall E, Shivashankar R, Tandon 

N, Ali MK, Narayan KM, Prabhakaran D, 

―Stress and diabetes in socioeconomic 

context: a qualitative study of urban 

Indians.‖, 2012, Soc Sci Med. 

2012;75(12):2522-2529. (DOI: 

10.1016/j.socscimed.2012.09.040). 

[30]. Deol RM, Thompson LM, Chun KM, 

Chesla C, ―Managing Type 2 Diabetes: 

Beliefs and Daily Practices in First 

Generation Asian Indians in the United 

States.‖ SAGE Open Nursing. 2022;8. 

(DOI:10.1177/23779608211054814). 

[31]. Dokuru DR, Horwitz TB, Freis SM, 

Stallings MC, Ehringer MA, ―South Asia: 

The Missing Diverse in Diversity.‖ Behav 

Genet. 2024 Jan;54(1):51-62. (DOI: 

10.1007/s10519-023-10161-y.). 

[32]. Tripura, Utpal; Nagrale, Ninad Vilas; 

Singh, Oinam Gambhir; Dey, Arijit; 

Venkatesh, J., 2025, ―Ethical, Social, and 

Legal Issues Related to Precision 

Medicine in India: Challenges and 

Solutions‖, Annals of African 

Medicine():10.4103/aam.aam_13_25, June 

27, 2025. (DOI: 

10.4103/aam.aam_13_25). 

[33]. Patra, P.K., Sleeboom-Faulkner, M. 

―Informed consent in genetic research and 

biobanking in India: some common 

impediments‖, Life Sci Soc Policy 5, 100 

(2009). 9(DOI: 10.1186/1746-5354-5-1-

100). 

[34]. Pemmasani Sandhya Kiran , Raman 

Rasika , Mohapatra Rajkishore , 

Vidyasagar Mathukumalli , Acharya 

Anuradha, ―A Review on the Challenges 

in Indian Genomics Research for Variant 

Identification and Interpretation‖, 2020, 

Frontiers in Genetics, Volume 11 - 2020. 

(DOI:10.3389/fgene.2020.00753). 

[35]. Taken from the article ―Genome India 

2025: A year of progressive achievements 

in healthcare‖ featured in The Times of 

Indiahttps://genomeindia.in/ 

 

https://doi.org/10.29392/001c.84191
https://doi.org/10.1177/23779608211054814

