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Abstract

The interrelationship between COVID-19 and diabetes is a critical area of study, given their bidirectional influence on dis-
ease severity and outcomes. COVID-19, caused by SARS-CoV-2, has led to significant global morbidity and mortality, par-
ticularly affecting individuals with preexisting conditions such as diabetes mellitus. Patients with diabetes are at an in-
creased risk of severe COVID-19 complications, including acute respiratory distress syndrome, hyperglycemia, and inflam-
matory dysregulation. Additionally, SARS-CoV-2 may exacerbate metabolic disturbances, potentially leading to new-onset
diabetes. This article explores the pathophysiological mechanisms underlying the COVID-19-diabetes nexus, including the
role of angiotensin-converting enzyme 2 (ACE2) receptors, inflammatory responses, and glucose metabolism dysregulation.
Furthermore, we discuss the therapeutic challenges posed by COVID-19 in diabetic patients, including the impact of com-
mon antidiabetic and antiviral treatments. The potential role of bioactive compounds such as quercetin, kaempferol, and
curcumin in mitigating disease progression is also examined. Understanding the intricate relationship between these condi-

tions is crucial for developing targeted interventions and improving patient outcomes.
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Introduction

Severe acute respiratory syndrome corona-virus 2
(SARS-CoV-2), the novel coronavirus which causes
COVID-19, was first reported into Wuhan, China, around
December 2019. As of 15th August 2022, India has
44,268,381 reported cases of COVID-19 with 527,069
deaths  (https://covid19.who.int/region/searo/country/in).
Globally, there are 588,331,997 positive cases about
COVID-19 in 198 Countries, which resulting in 6,432,704
deaths as per the report of World Health Organization (http-
s://covid19.who.int/ ). The WHO declared the virus as a
global epidemic on March 11, 2021 expressing situation
over the alarming occurrence or prevalence regarding the

disease.

The burden of diabetes is high and increasing
worldwide, and in developing countries such as India, par-
ticularly fueled by the growing rate of unhealthy lifestyles
[1]. Around 463 million people worldwide was diabetic in
2020 whereas 88 million people of them only from the
Southeast Asian region alone. Of these 88 million people, 77
million were Indians. This diabetic count is expected to rise
over 134 million by 2045 (Ref). About 57% of these people
are still undiagnosed. According to the World Health Or-
ganization (WHO), non-communicable diseases (NCDs)
accounted for 74% of deaths worldwide by 2019, of which
diabetes has killed 1.6 million people, making it the ninth
leading cause of death worldwide (http://www.who.in-
t/en/news-room/fact-sheets/detail/the-top-10-causes-of-dea
th). By the year 2035, around 592 million people might die
because of diabetes as predicted [2]. Diabetes has reached
epidemic proportions in many developing economies, such
as China and India. According to the WHO, the incidence
of diabetes is growing rapidly in low- and middle-income
countries. Rapid socio-economic changes along with urban
and industrial growth are the leading causes of diabetes in
the world, with other risk factors associated with population
growth, unhealthy eating habits, and sedentary health also

play an important role [3].

There is a two-way relationship between Covid-19
and diabetes. At one hand, diabetes is associated with an in-
creased risk of severe Covid-19. Early diabetes and severe

metabolic complications of pre-existing diabetes, including
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diabetic ketoacidosis and hyperosmolarity where high in-
sulin levels are noted, have been seen in patients with
Covid-19. This manifestation of diabetes poses challenges
to clinical management and raises the complex
pathophysiology of Covid-19-related diabetes [4]. Patients
with diabetes, especially those with COVID-19, are at risk
of developing serious illnesses. In a study of 1000
COVID-19 patients, diabetes was present in 16.2% of pa-
tients with severe illness, The end result for these patients
was mechanical ventilation and / or death. This shows a
fourfold increase in COVID-19 mortality among patients
with diabetes or hyperglycemia. In a retrospective study of
72,314 COVID-19 patients, the mortality rate (7.3%) was
significantly higher in patients with diabetes.

Severe acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), the Covid-19 virus, binds to angiotens-
in-converting enzyme 2 (ACE2) receptors, which are ex-
pressed in vital metabolic organs and tissues, including
pancreatic beta cells, adipose tissues, small intestines, and
kidneys. Therefore, it appears that SARS-CoV-2 may cause
a pleiotropic modification of glucose metabolism that may
complicate the pathophysiology of existing diabetes or lead

to new mechanism of the disease [3].

Glucose-lowering drugs commonly used in the
treatment of diabetes may contribute to COVID-19 pathoge-
nesis, and these effects may influence the treatment of dia-
betic patients and COVID-19. (The most promising treat-
ment is remdesivir. Remdesivir has potent in vitro activity
against SARS-CoV-2. A few drugs, such as Rivatirin, inter-
feron (IFN), favipiravir (FPV), and lopinavir (LPV) / riton-
avir (RTV), have been used in patients with SARS or MERS.
Arbidol Inhibits viral cell membrane binding by membrane
lipids. Drugs that inhibit viral RNA replication include
lopinavir / ritonavir and darunavir. The use of lopinavir / ri-
tonavir (LPVr) in severe acute respiratory syndrome
(SARS) has shown a positive clinical response, but in the
SARS-CoV-2 infection, it shows limited efficacy. Emdesivir
shortens the duration of COVID-19 but does not affect mor-
tality. Favipiravir inhibits the activity of RNA polymerase,
but this drug is currently being tested in the treatment of
COVID-19. Also, the use of an classical anticoagulant treat-
ment such as heparin was first used in COVID-19 patients

at risk for thrombotic and thromboembolic events.
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There are a good number of secondary metabo-
lites, especially high-dose flavonoids, which are given
antibacterial or other beneficial health functions such as im-
mune rejuvenation or anti-inflammatory action that may
play a role in preventing or alleviating viral infections and /
or preventing the development of SARS induced novels.
coronavirus. Recently, Solnier et al. promote quercetin as an
effective plant bio active for SARS-CoV-2. In fact, several fla-
vanols have shown antiviral activity against coronaviruses
(such as SARS-Cov and MERS-CoV) by inhibiting 3CL and
PL pro proteases. Anther important flavanol is kaempferol,
the second major metabolite found in a variety of edible
plants. The highest dose of this compound is found in
capers and saffron (259 and 205 mg / 100 g, respectively).
The glycoside form of kaempferol is astragalin, which is
well known for its many therapeutic properties such as an-
tioxidant, anti-inflammatory and antiviral. Curcumin, a
phenolic compound present in the roots of Curcuma longa
is another popular phytochemical because it has been tested
as a SARS-CoV-2 inhibitors. Among other phenolics ex-
hibiting antiviral activity, phloretin should also be consid-
ered a Covid antidote because it is found everywhere in veg-
etables and fruits (among them, apples and pears) and
epigallocatechin gallate (commonly found in green tea,
onions, plum, apple skin) because, in addition to being giv-
en antimicrobial properties, it has the potential to reduce
the risk of infections that appear to be part of chronic in-
flammation. Finally, sulforaphanes comprising
sulforaphanes, distributed to cruciferous plants such as
broccoli, may be particularly interesting antiviral shelters
because their action depends on the action of transcription
factors that change the cellular mechanisms responsible for
antiviral effects. The effect of celastrol, a pentacyclic triter-
penoid, may be a promising bioactive for the treatment of
COVID-19 due to its ability to inhibit TMPRSS2 proteins
and, thus, reduce S protein cracking and subsequent viral in-

filtration.

Pumpkin seeds have exhibited acute hypog-
lycaemic activity (blood sugar lowering). D-chiro-Inositol
was identified in pumpkin (especially in Cucurbita ficifolia)
and this compound has been considered as an insulin
action mediator (insulin sensitiser). Phenolic
phytochemicals of pumpkin have antidiabetic effects in

terms of b-glucosidase and a-amylase inhibition. Further-
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more, hypoglycaemic substances from pumpkin, isolated
from protein-bound polysaccharide of the pumpkin fruits.
When this protein-bound polysaccharide from pumpkin
fruits (PBPP) was evaluated, it was found that PBPP can in-
crease the levels of serum insulin, reduce the blood glucose

levels and improve tolerance of glucose.

Quercetin has been shown to help reduce the sever-
ity of numbness, movement pain, and irritability in patients
with type 2 neuropathy. Kaempferol may be a naturally
occurring antidiabetic compound that protects the survival
of pancreatic beta cells and acts in a hostile environment
that could lead to type 2 diabetes. Curcumin slows down
the development of diabetes improves beta-cell function,
prevents beta-cell death, and reduces insulin resistance.
Another bioactive compound is sulforaphane, which is
found in broccoli and other vegetables. It has been shown
that sulforaphane inhibits glucose production in enlarged
cells and improves glucose tolerance in mice in a high-fat or
high-fructose diet. Sulforaphane containing broccoli sprout
extract was well tolerated and improved fasting glucose in

obese human patients and dysregulated type 2 diabetes.

Discussion

Side effect: Remdesivir is not approved by the US
Food and Drug Administration and is currently being test-
ed in ongoing randomized trials. Oseltamivir has not been
shown to be effective and corticosteroids are not currently
recommended. Current clinical evidence does not support
discontinuation of angiotensin converting enzyme in-
hibitors or angiotensin receptor blockers in patients with
COVID-19. A severe COVID-19 infection and its treatment
with steroids can have a specific adverse effect on diabetes it-
self and lead to worsening of hyperglycemia through in-
creased insulin resistance and reduced B-cell secretary func-
tion. Worsening hyperglycemia, in turn, may adversely af-
fect the course of COVID-19.

Diabetes - Covid Fatal Mechanism

Presence of diabetes mellitus and individual de-
gree of hyperglycemia appear to be independently associat-
ed with COVID-19 severity and increased mortality. In addi-
tion, the presence of typical complications of diabetes melli-

tus (CVD, heart failure and chronic kidney disease) increas-
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es COVID-19 mortality. Some pathophysiological mech-
anisms leading to increased cardiovascular and all-cause
mortality after SARS-CoV-2 infection in patients with dia-
betes mellitus (T2DM). Infection with severe acute respira-
tory syndrome coronavirus2 (SARS-CoV-2) can lead to in-
creased blood pressure levels of inflammatory mediators in
the blood, including lipopolysaccharide, inflammatory cy-
tokines, and toxic metabolites. Modulation (increase or de-
crease) of natural killer cell activity and IFNy production
can increase interstitial and/or vascular permeability for
proinflammatory products. In addition, infection with
SARS-CoV-2 causes increased production of reactive oxy-
gen species (ROS). These effects lead to lung fibrosis, acute
lung injury and acute respiratory distress syndrome (ARD-
S).

Critically ill patients with COVID-19 admitted to
intensive care units in the USA found the prevalence of dia-
betes mellitus 58% and 33%, suggesting a link between se-
vere COVID-19 and diabetes mellitus. Various mechanisms
are thought to be responsible for the apparent clinical severi-
ty of COVID-19 in persons with diabetes mellitus. In addi-
tion, drugs commonly used in the clinical care of
COVID-19 patients, such as systemic corticosteroids or an-
tiviral agents, may contribute to worsening of hyperg-
lycemia. Darker red indicates highlighted processes in pa-
tients with type 2 diabetes (T2DM). Severe acute respiratory
syndrome coronavirus2 (SARS-CoV-2) infection causes tis-
sue hypoxia by increasing metabolic rate, resulting in inter-
stitial lung injury and acute respiratory distress syndrome.
Patients with diabetes mellitus and coronavirus disease
2019 (COVID-19) exhibit dysregulation of glucose homeos-
tasis, exacerbation of inflammation and impaired immune
system function. These conditions increase oxidative stress,
cytokine production, and endothelial dysfunction, resulting
in an increased risk of thromboembolism and damage to vi-
tal organs. All these factors contribute to the increased sever-
ity of COVID-19 and rapid progression to cardiorespiratory

failure in patients with diabetes mellitus.

Bio Actives in Relation with Covid 19 and Diabetic
Comorbidity

Recently, Solnier et al. They suggested quercetin
as a good SARS-CoV-2 candidate. In fact, several flavanols
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showed antiviral activity against coronaviruses (such as
SARS-Cov and MERS-CoV) through inhibition of 3CL and
PLpro proteases. Since old SARS-CoV and new SARS-
CoV-2 show high sequence similarity in spike
glycoproteins, flavanols can also be expected to inhibit entry
of SARS-CoV-2 into host cells. Moreover, the spike protein
of the novel virus binds to the ACE2 receptor with higher
affinity compared to SARS-CoV. Therefore, inhibition of
ACE2 through a competitive binding appears to be a good
approach to prevent SARS-CoV-2 infections. In this con-
text, quercetin exerts potent inhibitory effects on ACE2 in
vitro as well as in vivo. Quercetin's antidiabetic qualities in-
clude stimulation of glucose uptake via a MAPK in-
sulin-dependent mechanism. Stimulation of the mechanism
in skeletal muscles resulted in the displacement of glucose
transporter 4 (GLUT4). This role of MAPK differs from its
role in the liver, where it decreases sugar production mostly
through down-regulation of essential gluconeogenesis en-

zymes, type 2 diabetes neuropathy.

Kaempferol showed potent antiviral properties
due to inhibition of protein kinase B (Akt) signaling. The
potency of kaempferol in blocking a cation-selective chan-
nel expressed in the infected cell of SARS-CoV (3a channel)
has been demonstrated. Kaempferol (20 pM) blocked more
than 50% of these channels. In an in vivo study, kaempferol
(15 mg/kg, eg) reduced pulmonary edema, lung wet/dry
weight, myeloperoxidase activity, pulmonary capillary
permeability, and inflammatory cell count in BALB/C mice
intranasally infected with HON2 influenza virus. Kaempfer-
ol also decreased TNF-a, IL-1f and IL-6 production and
ROS activity and malondialdehyde production while in-

creasing superoxide dismutase activity.

Kaempferol, a flavonol compound, has cytoprotec-
tive effects on cultured clonal beta cells and pancreatic
human islets. Kaempferol treatment dose-dependently in-
creased viability, inhibited cellular apoptosis, and decreased
caspase-3 activity in beta cells and human islets chronically
exposed to high glucose. Kaempferol may be a naturally
occurring anti-diabetic compound by preserving pancreatic
beta cell survival and function in a hostile environment that

could otherwise lead to type 2 diabetes.

Curcumin has different pharmacological and
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biological effects. The functional mechanism by which
curcumin exerts its effect appears to be the modulation of
many signaling molecules. Curcumin extract delays the de-
velopment of diabetes, improves {3 cell functions, prevents [3
cell death and reduces insulin resistance. Curcumin is a na-
tural phenolic compound found in turmeric (Curcuma
longa L.), a plant native to India and Southeast Asia, where
curcumin is used as a traditional medicine to treat a variety
of disorders. In Europe, this molecule is used as a food dye
due to its yellow color and is classified as a food additive. It
is active against various human viruses, bacteria and fungi.
Today, foods high in curcumin are considered as SARS-
CoV-2 inhibitors. Despite its poor bioavailability, some
nanoparticle-based approaches have been developed recent-
ly. It has also been shown that different compounds can in-
crease the bioavailability of curcumin. It can increase the
bioavailability of curcumin by up to 20 times, especially
when combined with piperine, the main active ingredient in

black pepper.

Sulforaphanes are not phenolic compounds, but
have antiviral potential. They belong to the isothiocyanate
group of nitrogen-containing plant secondary metabolites

and are classified as sulfur compounds. Sulforaphanes are
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stored as their inactive form, glucoraphan. This natural
compound is mainly found in cruciferous vegetables (such
as broccoli), used to prevent and support chronic diseases,
and is presumed to play a role in human aging. It has also
been suggested that sulforaphane, like other natural
phytochemicals, can be used in the treatment of SARS-
CoV-2. Cruciferous plants can release glucoraphanin,
which is converted by the plant to sulforaphane, which ac-
tivates Nrf2, an important transcription factor that induces
an antiviral effect and prevents oxidative stress. Nrf2 activi-
ty decreases with age, making the elderly more susceptible
to oxidative stress-mediated diseases. It can reverse the dis-
ease signature. Sulforaphane suppressed glucose production
from hepatic cells by nuclear translocation of nuclear factor
erythroid 2-related factor 2 (NRF2) and reduced the expres-
sion of key enzymes in gluconeogenesis. Furthermore,
sulforaphane reversed the disease signature in the livers of
diabetic animals and attenuated the exaggerated glucose pro-
duction and glucose intolerance with a magnitude similar to
that of metformin. Finally, sulforaphane provided as a
concentrated broccoli sprout extract reduced fasting blood
sugar and glycosylated hemoglobin (HbAlc) in obese pa-
tients with irregular type 2 diabetes.

J Food Nutr 2025 | Vol 11: 102



References

1. Pradeepa R, Mohan V (2021) Epidemiology of type 2
diabetes in India. Indian journal of ophthalmology. 69: 2932.

2. Tao Z, Shi A, Zhao J (2015) Epidemiological perspec-
tives of diabetes. Cell biochemistry and biophysics. 73: 181-5.

3. Ramachandran S, Pillai RM, Kartha CC (2017) Mono-
cyte Factors in Pathogenesis of Vascular Lesions in Diabetes.
Mechanisms of Vascular Defects in Diabetes Mellitus.
141-58.

4, Rubino F, Amiel SA, Zimmet P, Alberti G, Bornstein
S, Eckel RH, et al. (2020) New-onset diabetes in Covid-19.
New England Journal of Medicine. 383: 789-90.

5. WuF, Zhao S, Yu B, Chen YM, Wang W, Song ZG, et
al. (2020) new coronavirus associated with human respirato-
ry disease in China. Nature. 579: 265-9.

6. Yang X, Yu 'Y, Xu J, Shu H, Liu H, Wu Y, Zhang L, et
al. (2020) Clinical course and outcomes of critically ill pa-
tients with SARS-CoV-2 pneumonia in Wuhan, China: a sin-
gle-centered, retrospective, observational study. The lancet re-

spiratory medicine. 8: 475-81.

7. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et
al. (2020) Clinical characteristics of coronavirus disease 2019

in China. New England journal of medicine. 382: 1708-20.

8. Remuzzi A, Remuzzi G (2020) COVID-19 and Italy:
what next?. The lancet. 395: 1225-8.

9. Memish ZA, Perlman S, van Kerkhove MD, Zumla A
(2020) Middle East respiratory syndrome. Lancet. 395:
1063-77.

10. Rubino F, Amiel SA, Zimmet P, Alberti G, Bornstein
S, Eckel RH, et al. (2020) New-onset diabetes in Covid-19.
New England Journal of Medicine. 383: 789-90.

11. de Almeida-Pititto B, Dualib PM, Zajdenverg L, Dan-
tas JR, De Souza FD, Rodacki M, Bertoluci MC (2020)
Brazilian Diabetes Society Study Group (SBD). Severity and
mortality of COVID 19 in patients with diabetes, hyperten-
sion and cardiovascular disease: a meta-analysis. Diabetology

& metabolic syndrome. 12: 1-2.

JScholar Publishers

6

12. Totura AL, Whitmore A, Agnihothram S, Schifer A,
Katze MG, Heise MT, et al. (2015) Toll-like receptor 3 signal-
ing via TRIF contributes to a protective innate immune re-
sponse to severe acute respiratory syndrome coronavirus in-
fection. MBio. 6: €00638-15.

13. Tacobellis G (2020) COVID-19 and diabetes: can DP-
P4 inhibition play a role?. Diabetes research and clinical prac-

tice. 162.

14. Guo W, Li M, Dong Y, Zhou H, Zhang Z, Tian C, et
al. (2020) Diabetes is a risk factor for the progression and
prognosis of COVID-19. Diabetes/metabolism research and

reviews. 36: e3319.

15. Lima MM, Nuccio JC, Villalobos M, Torres C, Balla-
dares N (2010) Sistema renina angiotensina y riesgo car-
dio-Metabolico. Revista Venezolana de Endocrinologia y
Metabolismo. 8: 3-10.

16. Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong
JC, Turner AJ, et al. (2020) Angiotensin-converting enzyme
2: SARS-CoV-2 receptor and regulator of the renin-an-
giotensin system: celebrating the 20th anniversary of the dis-
covery of ACE2. Circulation research. 126: 1456-74.

17. Vaduganathan M, Vardeny O, Michel T, McMurray
J], Pfeffer MA, Solomon SD (2020) Renin-angiotensin-aldos-
terone system inhibitors in patients with Covid-19. New Eng-
land Journal of Medicine. 382: 1653-9.

18. Djomkam AL, Olwal CO, Sala TB, Paemka L (2020)
Commentary: SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease in-
hibitor. Frontiers in oncology. 10: 1448.

19. South AM, Diz DI, Chappell MC (2020) COVID-19,
ACE2, and the cardiovascular consequences. American Jour-

nal of Physiology-Heart and Circulatory Physiology.

20. Jaeckel E, Manns M, Von Herrath M (2002) Viruses
and diabetes. Annals of the New York Academy of Sciences.
958: 7-25.

21. Liu F, Long X, Zhang B, Zhang W, Chen X, Zhang Z
(2020) ACE2 expression in pancreas may cause pancreatic da-
mage after SARS-CoV-2 infection. Clin Gastroenterol Hepa-
tol. 18: 2128-30.

J Food Nutr 2025 | Vol 11: 102



22. Zhu L, She Z, Cheng X, Qin J, Zhang X, Cai ], et al.
(2020) Association of blood glucose control and outcomes in
patients with COVID-19 and pre-existing type 2 diabetes.
Cell Metab. 31: 1068-77.

23. Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-
Melody J, et al. (2001) Role of AMP-activated protein kinase
in mechanism of metformin action. J Clin Invest. 108:
1167-74.

24, Sharma S, Ray A, Sadasivam B (2020) Metformin in
COVID-19; a possible role beyond diabetes. Diabetes Res
Clin Pract. 164: 108183.

25. Pal R, Bhadada SK (2020) Should anti-diabetic medi-
cations be reconsidered amid COVID-19 pandemic? Dia-
betes Res Clin Pract. 163: 108146.

26. Carboni E, Carta AR, Carboni E (2020) Can pioglita-
zone be potentially useful therapeutically in treating patients
with COVID-19? Med Hypotheses. 140: 109776.

27. Gonzalez JS, Fisher L, Polonsky WH (2011) Depres-
sion in diabetes: have we missing something important? Dia-
betes Care. 34: 236-9.

28. Bellido V, Pérez A (2020) Consecuencias de la
COVID-19 sobre las personas con diabetes. Endocrinol Dia-
betes Nutr. 67: 355-6.

29. Pérez A, Ramos A, Carreras G (2020) Insulin therapy
in hospitalized patients. Am J Ther. 27: 71-8.

30. Bornstein SR, Rubino F, Khunti K, Mingrone G, Hop-
kins D, Birkenfeld AL, et al. (2020) Practical recommenda-
tions for the management of diabetes in patients with
COVID-19. Lancet Diabetes Endocrinol. 8: 546-50.

31. Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN
(2020) Cardiovascular disease, drug therapy, and mortality in
Covid-19. N Engl ] Med. 382: 102.

32. Zhang P, Zhu L, Cai ], Lei F, Qin JJ, Xie J, et al.
(2020) Association of inpatient use of angiotensin-converting
enzyme inhibitors and angiotensin II receptor blockers with
mortality among patients with hypertension hospitalized
with COVID-19. Circ Res. 126: 1671-81.

JScholar Publishers

7

33. Riddle MC, Buse JB, Franks PW, Knowler WC, Ratn-
er RE, Selvin E, et al. (2020) COVID-19 in people with dia-
betes: urgently needed lessons from early reports. Diabetes
Care. 43: 1378-81.

34. Vivas D, Roldan V, Esteve-Pastor MA, Roldan I, Tel-
lo-Montoliu A, Ruiz-Nodar JM, et al. (2020) Recomenda-
ciones sobre el tratamiento antitrombético durante la pan-
demia COVID-19. Posicionamiento del grupo de trabajo de
trombosis cardiovascular de la Sociedad Espaiiola de Cardi-
ologia. Rev Esp Cardiol. 73: 749-57.

35. Gregg EW, Sattar N, Ali MK (2016) The changing
face of diabetes complications. Lancet Diabetes Endocrinol.
4:537-47.

36. Rema M, Premkumar S, Anitha B, Deepa R, Pradee-
pa R, Mohan V (2005) Prevalence of diabetic retinopathy in
Urban India: The Chennai Urban Rural Epidemiology Study
(CURES) Eye Study - 1. Invest Ophthal Vis Sci. 46: 2328-33.

37. Rajalakshmi R, Behera UC, Bhattacharjee H, Das T,
Gilbert C, Murthy GVS, et al. (2020) Spectrum of eye disor-
ders in diabetes (SPEED) in India. Report #2. Diabetic retino-
pathy and risk factors for sight threatening diabetic retinopa-
thy in people with type 2 diabetes in India. Indian ] Ophthal-
mol. 68: S21-6.

38. Unnikrishnan RI, Rema M, Pradeepa R, Deepa M,
Shanthirani CS, Deepa R, et al. (2007) Prevalence and risk fac-
tors of diabetic nephropathy in an urban South Indian popu-
lation: The Chennai Urban Rural Epidemiology Study
(CURES 45) Diabetes Care. 30: 2019-24.

39. Pradeepa R, Rema M, Vignesh J, Deepa M, Deepa R,
Mohan V (2008) Prevalence and risk factors for diabetic neu-
ropathy in an urban south Indian population: The Chennai
Urban Rural Epidemiology Study (CURES-55) Diabet Med.
25:407-12.

40. Pradeepa R, Chella S, Surendar J, Indulekha K, Anja-
na RM, Mohan V (2014) Prevalence of peripheral vascular
disease and its association with carotid intima-media thick-
ness and arterial stiffness in type 2 diabetes: The Chennai ur-
ban rural epidemiology study (CURES 111) Diab Vasc Dis
Res. 11: 190-200.

J Food Nutr 2025 | Vol 11: 102



41. Mohan V, Deepa R, Rani SS, Premalatha G (2001)
Chennai Urban Population Study (CUPS No. 5) Prevalence
of coronary artery disease and its relationship to lipids in a se-
lected population in South India: The Chennai Urban Popula-
tion Study (CUPS No. 5) ] Am Coll Cardiol. 38: 682-7.

42. Mohan V, Deepa M, Pradeepa R, Prathiba V, Datta
M, Sethuraman R, et al. (2012) Prevention of diabetes in rural
India with a telemedicine intervention. ] Diabetes Sci Tech-
nol. 6: 1355-64.

43, Anjana RM, Mohan V, Rangarajan S, Gerstein HC,
Venkatesan U, Sheridan P, et al. (2020) Contrasting associa-
tions between diabetes and cardiovascular mortality rates in
low-, middle-, and high-income countries: Cohort study data
from 143,567 individuals in 21 countries in the PURE study.
Diabetes Care. 43: 3094-101.

44, Zargar AH, Wani Al, Masoodi SR, Bashir MI, Laway
BA, Gupta VK, et al. (2009) Causes of mortality in diabetes
mellitus: Data from a tertiary teaching hospital in India. Post-
grad Med J. 85: 227-32.

45. Anjana RM, Unnikrishnan R, Mugilan P, Jagdish PS,
Parthasarathy B, Deepa M, et al. (2018) Causes and predic-
tors of mortality in Asian Indians with and without dia-
betes-10 year follow-up of the Chennai Urban Rural Epidemi-
ology Study (CURES - 150) PLoS One. 13: e0197376.

JScholar Publishers

8

46. India state level disease burden report. Available
from: https://vikaspedia.in/health/health-directory/india-s

tate-level-disease-burden-report-released .

47. Tripathy JP (2018) Burden and risk factors of dia-
betes and hyperglycemia in India: Findings from the Global
Burden of Disease Study 2016. Diabetes Metab Syndr Obes.
11: 381-7.

48. International Diabetes Federation (2019) IDF Dia-
betes Atlas. 9th ed. Brussels, Belgium: International Diabetes

Federation.

49. World Health Organization. The top 10 causes of
death. http://www.who.int/en/news-room/fact-sheets/de

tail/the-top-10-causes-of-death.

50. Tao Z, Shi A, Zhao J. Epidemiological perspectives of
diabetes. Cell Biochem Biophys. 73: 181-5.
51. World Health Organization. Diabetes. https://www.
who.int/health-topics/diabetes#tab=tab_]1.

52. Pradeepa R, Mohan V (2017) Prevalence of type 2 dia-
betes and its complications in India and economic costs to
the nation. Eur J Clin Nutr. 71: 816-24.

53. Van Dieren S, Beulens JW, van der Schouw YT,
Grobbee DE, Neal B (2010) The global burden of diabetes
and its complications: An emerging pandemic. Eur J Cardio-
vasc Prev Rehabil. 17: S3-8.

J Food Nutr 2025 | Vol 11: 102



-
Submit your manuscript to a JScholar journap
and benefit from:

Convenient online submission

Rigorous peer review

Immediate publication on acceptance
Open access: articles freely available online
High visibility within the field

Better discount for your subsequent articles

L R Y T |

Submit your manuscript at
http://www.jscholaronline.org/submit-manuscript.php

JScholar Publishers ] Food Nutr 2025 | Vol 11: 102



