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    Abstract
The pandemic of COVID-19 has presented new challenges to endocrine physicians and diabetologists in providing care for infected patients with dysglycemia, who may already be having diabetes and who present with newly diagnosed diabetes. The additional burden of metabolic decompensation, effect of treatment on glycemia, and the presence of comorbid complications make the management challenging. The presence of diabetes as a comorbid condition has shown to be associated with poorer outcomes in patients with COVID-19 infection. In addition, the effects of treatments such as the use of medications such as glucocorticoids and hydroxychloroquine may further add to the variability in glycemic control. Appropriate glycemic management leads to improvement in clinical outcomes, which involves intensive bedside glucose monitoring, intravenous and subcutaneous insulin administration, transition from intravenous to subcutaneous insulin, as well as interventions for hypoglycemia events. A uniform treatment protocol related to insulin administration and glucose monitoring is essential for improved clinical outcomes in admitted patients. Where feasible, continuous glucose monitoring systems have been proposed as an option for reducing time spent with patients, but they are not available everywhere and not many personnel are experienced in its usage. In-patient care of diabetes is an important issue that needs to be addressed if it is used in hospitalized patients.
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    Introduction


    The ongoing pandemic of COVID-19 has presented new challenges to the health-care personnel caring for these patients. Available data suggest that most people with COVID-19 have comorbidities, the most prevalent of which are diabetes, cardiovascular disease, and hypertension.[bookmark: ft1][1] Associated comorbidities such as diabetic complications, gender, advanced age, immunocompromised conditions, and patients with a history of organ transplant have a relatively higher mortality, for whom appropriate glycemic management may contribute to a reduction in adverse clinical outcomes.[bookmark: ft1][1],[bookmark: ft2][2],[bookmark: ft3][3],[bookmark: ft4][4] Hyperglycemia increases risk for infections by altering leukocyte function and increasing the virulence of some pathogens, enhances risk for cardiac arrhythmias, prolongs hospital length of stay, and increases mortality, while hypoglycemia in critically ill patients portends a poorer outcome. Rising glucose levels are associated with increased risk of mortality, as well as the risk of dehydration, hypotension, eventual renal shutdown, poor healing, and impaired immune system function.[bookmark: ft5][5],[bookmark: ft6][6],[bookmark: ft7][7],[bookmark: ft8][8]


    Managing in-patient glycemia can be challenging and complex for the treating healthcare professionals as it involves frequent bedside blood glucose together measures with structured insulin regimens to avoid glycemic variability. The use of medications which may worsen glycemic control further confounds the problems.


    The Potential Link between Diabetes and COVID-19


    The understanding about increased predisposition of diabetes to COVID-19 is based on potential assumptions. The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus hijacks angiotensin-converting-enzyme 2 (ACE2) pathway to gain entry into the target cell which reduces ACE2 expression inducing cellular damage, hyperinflammation, and respiratory failure. Acute hyperglycemia has been shown to upregulate ACE2 expression on cells which might facilitate viral cell entry. Chronic hyperglycemia, on the other hand, causes downregulation of ACE2 expression, making the cells vulnerable to the inflammatory and damaging effect of the virus. Furthermore, the expression of ACE2 on pancreatic β-cells can lead to a direct effect on β-cell function, leading to additional increases in insulin requirements and also new-onset diabetes.[bookmark: ft9][9],[bookmark: ft10][10],[bookmark: ft11][11] As of now, there are no indications to discontinue ongoing ACEi therapy.


    Another area of interest is the dipeptidyl peptidase-4 (DPP-4) enzyme, a commonly targeted pharmacological enzyme in people with type 2 diabetes, which was identified as a functional receptor for human coronavirus-Erasmus Medical Center (hCoV-EMC), the virus responsible for MERS.[bookmark: ft11][11] Antibodies directed against DPP-4 inhibited hCoV-EMC infection of primary cells. It is still not known whether these also apply to COVID-19 and treatment with DPP-4 inhibitors will influence the course of the infection; however, if these mechanisms do translate to SARS-CoV-2, the use of these agents could reduce DPP-4 concentrations and could provide therapeutic opportunities for the treatment of COVID-19.[bookmark: ft12][12]


    In-Patient Management of Hyperglycemia


    The basic principles of in-patient management of glycemia, whether new-onset or already diagnosed diabetes, remain the same. It is imperative that the hospitals dealing with COVID-19 patients follow the available best practice guidelines and can alter them depending on the individual clinical scenarios.


    Noninsulin Therapies


    As a rule of thumb, it is recommended to discontinue noninsulin medications and initiate insulin therapy for patients with diabetes or newly recognized hyperglycemia at the time of hospital admission.[bookmark: ft13][13] In patients with milder symptoms, or who are recovering, and not requiring too much of insulin to maintain glycemia within the target range, there is a role for noninsulin therapies. There are several small studies demonstrating safety and efficacy of the DPP-4 inhibitors sitagliptin and linagliptin in selected inpatients with type 2 diabetes.[bookmark: ft14][14],[bookmark: ft15][15],[bookmark: ft16][16],[bookmark: ft17][17] These may be continued in hospitalized patients with type 2 diabetes and milder degrees of hyperglycemia or in the recovery phase of COVID-19 infection in the absence of any contraindications. Use of saxagliptin and alogliptin is not recommended due to concerns of an increased incidence of heart failure.[bookmark: ft18][18],[bookmark: ft19][19] However, use of these medications alone is unlikely to control the sugars; most of the trials with these class of drugs were conducted in combination with correction insulin and several in combination with basal insulin therapy.


    Quite a few of patients with diabetes may be on daily or weekly formulations of glucagon-like receptor analogs (GLP1RA). Although there have been a few studies indicating their use in critical care settings, at present, it is advisable to discontinue them in patients with COVID-19.[bookmark: ft20][20] Sodium-glucose cotransporter 2 inhibitors (SGLT2i) have been associated with the risk for euglycemic diabetic ketoacidosis and volume depletion;[bookmark: ft21][21],[bookmark: ft22][22] it is advisable to discontinue these class of agents in hospitalized patients.


    Sulfonylureas and other insulin secretagogues have a potential to cause severe hypoglycemia – these need to be used cautiously if at all and discontinued for patients with declining renal function, who are elderly, or receiving insulin therapy due to concerns of hypoglycemia.[bookmark: ft23][23] Metformin should be discontinued as it has the potential to precipitate risk of acidosis, in those with hemodynamic instability, hypoxia, and/or severe renal impairment.[bookmark: ft24][24] Thiazolidinediones, although demonstrated to be having anti-inflammatory properties, are associated with fluid retention, aggravating risk for heart failure, and should not be used.[bookmark: ft25][25] There is no available literature for use of alpha-glucosidase inhibitors also [Table - 1].
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        	Table 1: Noninsulin therapies consideration in hospitalized patients with COVID-19
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    Insulin Therapy


    Insulin therapy is the mainstay for managing glycemia in critically ill patients.[bookmark: ft26][26] It is important to remember that there is no ideal protocol for the management of hyperglycemia in the critical patient. In addition, there is no clear evidence demonstrating the benefit of one protocol/algorithm versus the other. Insulin regimens may comprise long-acting and short- or rapid-acting insulin in not so sick patients with or without continuation of ongoing oral antidiabetic agents or intravenous insulin infusions, with the recommended range for achieving glycemic targets 140–180 mg/dl in critically ill patients [Table - 2].[bookmark: ft27][27],[bookmark: ft28][28] Using basal insulin during an intravenous insulin infusion can facilitate transition to SC insulin without rebound hyperglycemia. Use of sliding scale for insulin is not recommended, as leads to variability in glycemia.[bookmark: ft29][29] Glucose monitoring, needed for adjusting insulin requirements to achieve target blood glucose levels, may be done as per the clinical scenario - before meals and at bedtime for patients who are eating; every 4–6 h for patients who are not eating or who are receiving enteral or parenteral nutrition; every hourly or 2ndhourly in patients on insulin infusion. It is important to remember that in patients with critical COVID-19 infections, there is remarkable variability in insulin sensitivity over the course of the illness.[bookmark: ft30][30] In addition, treatment with glucocorticoids, vasopressors, and hydroxychloroquine leads to significant variability in both subcutaneous and intravenous insulin requirements from low to very high.[bookmark: ft31][31] Patients with preexisting chronic kidney disease or who experience acute kidney injury as part of COVID-19 infection may be particularly sensitive to insulin and risk for hypoglycemia.[bookmark: ft31][31],[bookmark: ft32][32],[bookmark: ft33][33] For the patients who are already on continuous subcutaneous insulin infusion (CSII), it is advisable to disconnect these devices as the nursing staff may not have adequate training to be proficient with its usage and to remove the infusion catheter also as it may be a potential source of infection. In patients, who are not critically ill, CSII may be continued, but these patients should be monitored frequently to assess changing insulin requirements as per the clinical status.
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        	Table 2: Guide to initiating insulin in in-patient settings
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    Blood Glucose Monitoring


    Most of the health-care facilities are using point-of-care glucometers as the standard of care in hospitalized patients, despite identified issues relating to accuracy and precision of several of these devices.[bookmark: ft34][34] It is important to realize that the exposure of health-care staff attending to these patients need to be minimized. One of the ways to do it is to decrease the frequency of blood glucose checking once every 4–6 h when infusion rates are stable. With recent allowances by the Food and Drug Administration for use of continuous glucose monitoring (GGM) devices, some hospitals are using these noninvasive remote monitoring devices for tracking of glycemic data.[bookmark: ft35][35] CGM offers a potential way for facilitating care in COVID-19 patients while also decreasing exposure through reduced frequency of testing. Two such devices are Freestyle Libre and Dexcom G6 continuous glucose monitoring devices which are easy to adapt for use in in-patient settings. The downside is it needs extensive training and education of nursing personnel involved in these projects. The accuracy of CGM can be diminished during the conditions of altered tissue perfusion as well as use of certain medications such as dopamine, heparin, or ascorbic acid, which are commonly being used in these patients,[bookmark: ft36][36] and exposure to radiologic procedures including magnetic resonance imaging, computed tomography scanning, or even routine X-rays can potentially damage sensor components again leading to inaccurate glycemic measures.


    Several studies using different CGM devices in critical care areas have demonstrated reductions in nurse time at the bedside, with some but not all studies demonstrating reductions in time spent in hypoglycemia but not mean blood glucose.[bookmark: ft37][37],[bookmark: ft38][38] Importantly, they provide with “tends”, leading to earlier recognition of potential hypoglycemic episodes and “time-in-range” measurements, which further aid in clinical care. Until there are studies validating their safety and efficacy in acute care setting, CGM devices should be viewed as a supplement to and not a replacement for point-of-care glucometers.[bookmark: ft39][39]


    Discharge Planning


    Diabetes education and training is a key part of comprehensive diabetes care and should remain a part of discharge planning in patients with diabetes hospitalized with COVID-19 infection. Most of the patients with preexisting diabetes have an appropriate knowledge regarding diabetes self-management at home. Newly diagnosed diabetics need to be counseled regarding the diabetes self-management at home. Patients new to insulin have to be trained for self-administration using devices (vials and syringes, pen devices) they will be using at home. A medication sheet should be provided to the patients and their attendants detailing how and when to take their diabetes medications, monitor blood glucose levels, adjust therapy for low or high blood glucose values, and whom to contact in the event of glycemic emergencies. Explanation regarding recognition and management of hypoglycemia, especially in newly diagnosed diabetes discharged on insulin or insulin secretagogues, is imperative.[bookmark: ft40][40] Where possible and if the patient agrees, teleconsultation is a good option for continuing care.[bookmark: ft41][41]


    Conclusions


    In noncritically ill patients, therapeutic strategies aiming to control glycemia should consider use of regimens with low risk of hypoglycemia. They may be continued on already existing treatment with close observation to identify clinical deterioration and modification of treatment as necessary. For critically ill patients, insulin infusions are necessary to control the glycemia for improved clinical outcomes. It is important to remember that no algorithm has shown to be superior to other and they need to be adapted according to the current clinical scenario. Utilization of technological advances such as the use of GGM, remote glucose monitoring, and telemedicine reduces the exposure time of the health-care personnel, and although there are some limitations to its use, it should be used wherever feasible. Discharge planning is an important aspect, especially in newly diagnosed diabetes, and explanation regarding hypoglycemia management is essential.
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