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ABSTRACT:
INTRODUCTION: COVID-19 patients remain at higher risk for developing new-onset diabetes or related complications following viral clearance and recovery .An increased frequency of diabetes onset and diabetes complications has been reported in patients following COVID-19 diagnosis. COVID-19 may elevate the risk of hyperglycemia and other complications in patients with and without prior diabetes history. It is unclear whether the virus induces type 1 or type 2 diabetes or instead causes a novel atypical form of diabetes by decreasing insulin synthesis and increasing glucagon synthesis. Moreover, it remains unknown if recovering COVID-19 patients exhibit a higher risk of developing new-onset diabetes or its complications . Aim of study: To study the incidence of covid induced diabetes mellitus 

MATERIALS AND METHODS : All the patients  Admitted with RTPCR  positive   covid -19 , in  Government Medical College and ESI Hospital in Coimbatore, Tamilnadu India are taken for study  PERIOD OF STUDY : March2019 to November 2021

 RESULTS AND CONCLUSION: Total number of covid-19 positive patients admitted and treated are 29,170   of them 9421 are known diabetic,1023 are new onset diabetic patients(Hba1c-normal, RBS more than 200) , stress , drug induced , viral inflammation on pancreases, toxic effects of inflammatory markers like IL-6 are responsible for covid induced diabetes, further  studies and follow up are necessary for fully understand long term complications of covid-19
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INTRODUCTION.
	


ACE2 expression is detected across multiple tissues throughout the body , but pancreatic ACE2 expression is of clinical interest due to initial reports that detailed an increase in new-onset hyperglycemia and ketoacidosis cases, raising concerns that COVID-19 induced acute T1D through β-cell failure (BCF). Several research groups have examined nondiabetic, diabetic, and COVID-19 pancreatic tissues for the expression of canonical (ACE2 and TMPRSS2) and noncanonical SARS-CoV-2 entry factors to assess its diabetogenic potential, which has already been extensively reviewed Most studies agree that ACE2 and TMPRSS2 protein are found in pancreatic ducts and endothelial cells of the microvasculature that could support indirect impairments of pancreatic islet function in COVID-19. But data regarding ACE2 and TMPRSS2 expression in exocrine β-cell remain inconsistent as studies that find entry factors excluded from the β-cell do not detect SARS-CoV-2 nucleocapsid protein in COVID-19 pancreas tissues.

Patients with diabetes need to maintain regularity in daily diet. Care should be taken not to vary the calorie intake markedly. Healthy balanced diet with good amount of protein, fiber and limitation of saturated fats is important to maintain a good glycemic control.Home based exercise like cycling, treadmill, stationary jogging and resistance exercise with small weights are beneficial.

MATERIALS AND METHODS : 
All the patients  Admitted with RTPCR  positive   covid -19 , in  Government Medical College and ESI Hospital in Coimbatore, Tamilnadu India are taken for study  PERIOD OF STUDY : March2019 to November 2021

RESULT 

Total number of covid-19 positive patients admitted and treated are 29,170   of them 9421(39%) are known  diabetic,1023(7%) are new onset diabetic patients , 701(68%) MALES 322(32%)FEMALES, AFTER 60 DAYS 121 MALES AND 88FEMALES REMAINS HYPER GLYCEMIC.  stress , drug induced , viral inflammation on pancreases, toxic effects of inflammatory markers like IL-6 are responsible for covid induced diabetes, further  studies and follow up are necessary for fully understand long term complications of covid 19

	Sl no
	Male 
	female
	total

	ON ADMISSION
	701(68%)
	322(32%)
	1023(100%)

	AFTER 60 DAYS
	121(11%)
	86((%)
	207(20%)


DISCUSSION
Serum C-peptide and amylin were elevated in COVID-19 patients with ARDS, suggestive of hypersecretory β-cell phenotypes that are incongruent with hypotheses of widespread β-cell failure in COVID-19. COVID-19 patients with ARDS also had high C-peptide–to–glucose ratios, supporting rates of IR that were three- to-sixfold higher than among control subjects, and 62% of which had no prior diabetes history

Montefusco et al. shared similar insights into COVID-19 and IR but also tested long-term impairments in glucose homeostasis following acute COVID-19. Among 551 hospitalized Italian patients, 253 patients (46%) with no prior diabetes history exhibited new-onset hyperglycemia during acute COVID-19. Among this subset, 35% remained hyperglycemic 6 months after COVID-19 recovery while an additional 2% were diagnosed with T2D, indicating that new-onset hyperglycemia can predispose individuals to long-term glycemic abnormalities. Continuous glucose monitoring (CGM) revealed that glycemic profiles, including time blood glucose spent >140 mg ⋅ dL−1 and postprandial glycemia, were impaired during acute COVID-19 and persisted for 2 months following recovery. Similar to Reiterer et al. T2D patients, patients with acute COVID-19, or patients recovered from COVID-19 all displayed higher levels of insulin and C-peptide secretion in response to arginine stimulation, consistent with acute and long-term β-cell hypersecretion and IR following COVID-19. Larger studies are thus warranted to confirm if these long-term dynamics sufficiently alter new-onset diabetes incidence rates.

Most individuals with prediabetes in the remain unaware of their status and, as a result, have elevated risk for developing T2D.

Recently, COVID-19 has been found to produce new-onset diabetes in some patients manifesting as acute hyperglycemia in COVID-19 patients without diabetes history, diabetic ketoacidosis in COVID-19 patients with existing diabetes, and new-onset diabetes in COVID-19 patients, either during the course of disease or after convalescence. From current research, these risks can also lead to more severe complications such as ketosis, ARDS, maladaptive immune response, and higher mortality rates.

SARS-CoV-2 spike proteins can interact with the RAS hormonal system and enter the host cell by binding to ACE2 receptors found on the surface of several organs and tissues, specifically pancreatic β-cells. Upon entrance, increased viral load, immune dysregulation, alveolar and endothelial dysfunction, and increased systemic coagulation may place diabetes patients at risk for severe COVID-19 complications. Additionally, from limited research, both the viral entrance of SARS-CoV-2 and resulting upregulation of angiotensin II can lead to new-onset diabetes. As broader research efforts are being made to understand the complications of new-onset diabetes post–COVID-19 diagnosis, effective management of both conditions is very important.

COVID-19 has also been linked to new-onset T1DM with DKA and pancreatic auto-antibodies .

 It is attributed to the increased release of cytokines and inflammatory mediators, which led to increased insulin resistance and the associated hyperglycemia . In addition, it has been suggested that COVID-19 might be involved in developing acute diabetes mellitus in certain patients by targeting ACE2 receptors located in pancreatic islets resulting in pancreatic injury

Pathophysiology of diabetes mellitus and COVID-19

Infection with SARS-CoV-2 in the setting of Diabetes mellitus (DM) initiates a flywheel of cascading effects that result in increased mortality. Infection with COVID-19 predisposes infected individuals to hyperglycemia, leading to hyper glycosylation of ACE2 and increased viral proliferation Worsening of hyperglycemia induces inflammation, endothelial dysfunction, and thrombosis via the generation of oxidative stress driving the dysregulation of glucose metabolism and hyper coagulability further Severe infection in the individuals predisposed to vasculopathy and impaired immunity may accentuate thrombotic and ischemic complications associated with multi organ failure and increased mortality rates.

While the relationship between DM and COVID-19 remains complex, and aberrant immune responses may contribute to poor disease progression Alterations in innate and adaptive immunity, including abnormal cytokine responses, inhibition of leukocyte recruitment, and neutrophil dysfunction, are also driven by states of chronic hyperglycemia by accelerating thrombotic and ischemic complications associated with multiorgan failure and increased mortality.

the condition of hyperglycemia at the time of hospital admission is more relevant for prognostic purposes than the HbA1c. It is thought that COVID-19 predisposes infected individuals to hyperglycemia, leading to hyperglycosylation of the angiotensin-converting enzyme 2 (ACE2), the natural viral receptor on the host cell surface .

with T2DM tend to develop more severe forms of the disease and have a significant increase in inflammatory markers compared to non-diabetics (i.e., higher levels of C-reactive protein, procalcitonin, ferritin, lactate dehydrogenase, and d-dimer) . Furthermore, the prevalence of diabetes among the patients admitted to intensive care units for COVID-19 is two-to threefold higher, along with the mortality rate which is twice that of non-diabetic patients .

 Many anti diabetic oral hypoglycemic agents can not give adequate glycemic control during covid-19 hence Insulin therapy is preferred for hospitalized patients, including moderate to severe COVID-19 disease. For non-critical hospitalized patients, a basal plus bolus correction regimen is recommended with a target blood sugar range of 140–180 mg/dl .Critically ill COVID-19 diabetic patients in ICU are managed by intravenous insulin infusion. Intensive insulin therapy was found to exert an anti-inflammatory effect in critically ill patients and reduce the levels of inflammatory markers (C-reactive protein (CRP) and mannose-binding lectin (MBL)) compared to conventional insulin therapy .Whether the anti-inflammatory effect of insulin is beneficial in COVID-19 patients or not needs further 

A recent meta-analysis that assessed the outcomes of COVID-19 in patients with hyperglycemia reported death in 17% (0.10–0.25), 11% to have been admitted to the ICU, and 23% to have required mechanical or non-mechanical ventilation . Additionally, severe or critical COVID-19 was seen to develop in 72% of patients, acute cardiac injury in 14%, acute respiratory distress syndrome in 15%, and acute kidney injury in 5% . It is worth mentioning that acute kidney injury, whether associated with hyperglycemia or not, is a predictor of a poor outcome in COVID-19 patients. This meta-analysis confirms that hyperglycemia is a predisposing factor for the death and progression of non-critical to critical diseases in patients with COVID-19, both in diabetic and non-diabetic .

110 cases of DKA with COVID-19, with the majority (91/110) presenting with DKA and (19/110) had DKA/HHS; males represented 63% of the cohort, and 77% had a prior diagnosis of T2DM. Mortality reached 45%, and it was higher in the DKA/HHS group than the DKA group (67% vs. 29%). This high mortality rate could be related to COVID-19 or combining both factors. 

DKA has always been famous for thrombotic complications, and was found to be increased when combined with COVID-19 due to its potential thrombotic complications .highlighting the role of prophylactic anticoagulation in patients with DKA and COVID-19.

Steroids show severe negative effects on diabetics. They are a part of many medicines used for both short-term and long-term treatment. Primarily they are used for their anti-inflammatory and immunosuppressive actions with subsequent undesirable side effects such as osteoporosis, hypertension, hyperglycemia, and steroid-induced diabetes 

Many factors contribute to the degree of hyperglycemia, including duration of treatment, dosage, relative potency, and associated infection. The higher the dose of steroid therapy, the higher the risk of developing steroid-induced diabetes. The use of steroids in diabetic patients increases the risk of hospitalization due to uncontrolled blood sugar In the first few months of the pandemic, World Health Organization (WHO) recommended against corticosteroid treatment, based on historical evidence in clinical studies of Middle East Respiratory Syndrome-corona Virus (MERS-CoV) and SARS-CoV .that showed treatment complications such as delayed viral clearance, opportunistic infections, and hyperglycemia.

Following the warning, many institutions initiated observational studies and randomized controlled trials (RCT) on steroid therapy for COVID-19, with the most extensive study in the UK, also known as The RECOVERY trial, which showed dexamethasone as opposed to usual care reduced 28-day mortality in patients requiring oxygen therapy or mechanical ventilation .Following this study and as of September 2, 2020, the WHO changed the previous recommendations, and steroids remained as the only drug of proven benefit for Covid-19 patients.

Steroids have beneficial effects in the states of hyper inflammation, which is the hallmark of Covid-19 but at the expense of worsening hyperglycemia, new-onset diabetes, and hyperglycemic

SARS CoV-2utilises ACE-2 as receptor for entry into cell. ACE-2 is expressed not only in the type I and II alveolar epithelial cells in the lungs and upper respiratory tract, but also several other locations like heart, endothelium, renal tubular epithelium, intestinal epithelium, and pancreas. S-glycoprotein on the surface of SARS CoV-2 binds to ACE-2 and causes a conformational change in the S-glycoprotein. This allows proteolytic digestion by host cell proteases (TMPRSS2 and Furin) ultimately leading to internalization of the virion .Cellular entry of the virus triggers inflammatory response with recruitment of T helper cells which produce interferon γ. This leads of recruitment of other inflammatory cells leading to a ‘cytokine storm’ which could lead to organ damage and multi-organ failure seen in severe disease.

Increased ACE-2 Expression: Diabetic mice have been found to have increased expression of ACE-2 in renal cortex, liver and pancreas, but not in lungs .Recently, a phenome-wide Mendelian randomization study found diabetes to be causally related to ACE-2 expression .Though the significance of these observations is not clear at present, increased ACE-2 expression might predispose people with diabetes to infection with SARS CoV2.

Increased Furin: Diabetes is associated with an increase in furin, which is a type-1 membrane-bound protease, belonging to the proprotein convertase subtilisin/kexin family (PCSK). It is involved in the entry of coronaviruses into the cell and increased Furin has been reported in diabetes, which might facilitate viral replication .

Impaired T-Cell function: Alterations in CD4 lymphocytes have been reported in animal models with MERS. Lymphocytopenia has been observed in patients with COVID-19 and correlated with prognosis .

Increased Interleukin-6 (IL-6): Several cytokines are increased in COVID-19 infection. Amongst these, IL-6 is increased in diabetes and may play a more deleterious role in Covid-19 infection .Monoclonal antibody against IL-6 receptor (tocilizumab) is being tested  and found useful inCOVID-19 .

ACE-2 receptors are expressed in pancreatic islets and infection with SARS CoV-1 has been seen to cause hyperglycaemia in people without pre-existing diabetes. Hyperglycaemia was seen to persist for 3 years after recovery from SARS indicating a transient damage to beta cells .Though the similar effect has not been reported in COVID-19, it may be important to monitor blood glucose levels in acute stage and during follow up.

Glycemic control is important in any patient who has COVID-19. patients with poor glycemic control have increased risk of complications and death. Most patients with mild infection and with normal oral intake can continue the usual antihyperglycemic medications. 

Patients with diabetes need to maintain regularity in daily diet. Care should be taken not to vary the calorie intake markedly. Healthy balanced diet with good amount of protein, fiber and limitation of saturated fats is important to maintain a good glycemic control.Home based exercise like cycling, treadmill, stationary jogging and resistance exercise with small weights are beneficial.

SARS-CoV-2  infect human beta cells .virus can replicate in these insulin-producing beta cells, to make more copies of itself and spread to other cells .studies confirmed infection of pancreatic beta cells in autopsy samples from people who died of COVID-19. The new findings also show that the coronavirus infection changes the function of islets, reduced production and release of insulin from pancreatic islet tissue. infection leads directly to the death of some of those all-important beta cells. Encouragingly, they showed this could avoided by blocking NRP1. In addition to the loss of beta cells, the infection also appears to change the fate of the surviving cells. changes in the gene activity within pancreatic cells following SARS-CoV-2 infection showed that beta cells go through a process of transdifferentiation, in which they appeared to get reprogrammed. In this process, the cells begin producing less insulin and more glucagon, a hormone that encourages glycogen in the liver to be broken down into glucose. They also began producing higher levels of a digestive enzyme called trypsin 1. Importantly, they also showed that this transdifferentiation process could be reversed by a chemical (called trans-ISRIB) known to reduce an important cellular response to stress. The consequences of this transdifferentiation of beta cells aren’t yet clear, but would be predicted to worsen insulin deficiency and raise blood glucose levels. More study is needed to understand how SARS-CoV-2 reaches the pancreas and what role the immune system might play in the resulting damage. Above all, this work provides yet another reminder of the importance of protecting yourself, your family members, and your community from COVID-19 by getting vaccinated if you haven’t already—and encouraging your loved ones to do the same. 
CONCLUSION
Diabetes is associated with increased incidence and severity of COVID-19. There are evidences of the effect of diabetes on viral entry into cell and inflammatory response to the infection. Hyperglycaemia was seen to persist for 3 years after recovery from SARS indicating a transient damage to beta cells .Though the similar effect has not been reported in COVID-19, it may be important to monitor blood glucose levels in acute stage and during follow up.It is important to control blood glucose.and follow up with monthly blood sugar and once in three months HbA1c regularly .
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