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Abstract

:

Background: Given the mortality risk in COVID-19 patients, it is necessary to estimate the impact of glycemic control on mortality rates among inpatients by designing and implementing evidence-based blood glucose (BG) control methods. There is evidence to suggest that COVID-19 patients with hyperglycemia are at risk of mortality, and glycemic control may improve outcomes. However, the optimal target range of blood glucose levels in critically ill COVID-19 patients remains unclear, and further research is needed to establish the most effective glycemic control strategies in this population. Methods: The investigation was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Data sources were drawn from Google Scholar, ResearchGate, PubMed (MEDLINE), Cochrane Library, and Embase databases. Randomized controlled trials, non-randomized controlled trials, retrospective cohort studies, and observational studies with comparison groups specific to tight glycemic control in COVID-19 patients with and without diabetes. Results: Eleven observational studies (26,953 patients hospitalized for COVID-19) were included. The incidence of death was significantly higher among COVID-19 patients diagnosed with diabetes than those without diabetes (OR = 2.70 [2.11, 3.45] at a 95% confidence interval). Incidences of death (OR of 3.76 (3.00, 4.72) at a 95% confidence interval) and complications (OR of 0.88 [0.76, 1.02] at a 95% confidence interval) were also significantly higher for COVID-19 patients with poor glycemic control. Conclusion: These findings suggest that poor glycemic control in critically ill patients leads to an increased mortality rate, infection rate, mechanical ventilation, and prolonged hospitalization.
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1. Introduction


In 2020, the world was hit by the unprecedented SARS-CoV2 pandemic, which pushed scientists to quickly understand the virus, the human immune system, and its response to COVID-19 infection. Early on during the study of the virus and its infection, multiple epidemiological studies proved that elevated blood sugar is a significant risk factor for mortality in COVID-19 patients [1,2]. Before the pandemic in the 2000s, diabetes was already a known risk factor for negative results in other disease epidemics, such as SARS-CoV-1 infections, in which hyperglycemia was regarded as an independent marker of mortality [3]. The prevalence of hyperglycemia among COVID-19 patients does not significantly differ from that of the general population, suggesting that the conditions do not increase the risk of contracting COVID-19 infection but can substantially make the outcomes worse [2,4,5,6]. Multiple clinical studies have shown that high blood sugar is a major risk factor for increased fatality and severity of COVID-19 infection [7,8]. COVID-19 patients with uncontrolled hyperglycemia are more likely to end up in the ICU, and the mortality rate is estimated to be approximately three times higher than that of patients without hyperglycemia [9]. According to previously published literature, hyperglycemic patients, whether they have diabetes or not, have an increased risk of mortality, morbidity, and hospitalization; however, better blood glucose control can help improve clinical outcomes [10,11,12].



Multiple mechanisms (glycemic and hyperglycemic control, inflammatory response, and impaired immune function due to hyperglycemia) have been linked to worse COVID-19 prognosis over time [13,14]. Poor or a lack of glycemic control has been linked to worse outcomes, such as prolonged hospitalization, higher health costs, higher mortality and morbidity, and multi-organ injuries [6,15]. Hyperglycemic patients’ conditions (with or without diabetes) harm the efficacy of coronavirus therapies such as tocilizumab [8,16]. Although many other mechanisms lack scientific explanation, optimization of glycemic control can significantly improve COVID-19 outcomes. Well-controlled blood glucose levels (70–180 mg/dL) reduce clinical intervention, all-cause mortality, and major organ deterioration [17]. According to Fadini et al., for every 10 mg/dL decrease in sugar levels between hospitalization and 18 days, there is a relative drop of 11% in severe infection risk in glycemic patients [4].



The limited literature suggests that blood glucose control in COVID-19 inpatients is inadequate. This could be due to inflammation, high-stress levels, insulin resistance, and a cytokine-mediated state with poor blood glucose control measures [14,18,19]. Scientists also note the likelihood of SARS-CoV-2 penetrating pancreatic islets, which can cause damage to beta cells and hence insulin deficiency [5,20]. Such conditions can significantly worsen glycemic control or trigger acute hyperglycemia in patients with normal blood sugar levels. In contrast, reports show a significant number of hypoglycemic cases from inpatients, most likely due to anorexia, one of the COVID-19 symptoms, without first adapting to drugs used to lower glucose levels [13,21]. Other factors are also linked to blood glucose fluctuation, particularly in COVID-19 patients, including the use of glucocorticoids that can cause glycemic excursions; thus, their impact should be considered during insulin pattern setup [22]. Additionally, health practitioners may encounter situations that require careful attention. Specialists from all departments might find themselves dealing with COVID-19 patients outside their usual line of work; thus, all clinicians must learn how to manage hyperglycemia [23,24,25].



Identifying the risk factors for SARS-CoV-2 infection progression and fatality provides substantial evidence supporting appropriate clinical control and the optimized allocation of medical resources. Hyperglycemia is a crucial risk factor for COVID-19 progression; hence, extensive investigations are needed. The above literature review implies that high blood glucose levels are a major determinant of mortality among COVID-19 patients. Given the mortality risk in COVID-19 patients, it is essential to estimate the impact of glycemic control and mortality rates among inpatients to design and implement evidence-based BG control methods for these inpatients. Due to a lack of sufficient data investigating this subject matter, reviewers decided to systematically assess the available published literature and draw conclusions that will help guide future clinical procedures in glycemic management, particularly among critically ill COVID-19 patients. This systematic review and meta-analysis will help us better understand BG management and its influence on COVID-19 inpatients. Therefore, this review will seek to answer the question: “How does glycemic control in critically ill COVID-19 patients affect the treatment outcomes?”. The review was based on previously conducted studies; hence, it may include studies with or without human or animal participants performed in any of the selected clinical studies.




2. Materials and Methods


2.1. Study Design


This systematic review follows the Cochrane guidelines [26] and is conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [27]. This systematic review and meta-analysis were conducted in accordance with the Preferred Reported Items for Systematic Review and Meta-Analysis (PRISMA) guidelines. The protocol for this systematic review and meta-analysis was registered with the International Prospective Register of Systematic Reviews (PROSPERO) prior to conducting the literature search (registration number CRD42023394275). All steps taken in the review process are reported in accordance with the PRISMA statement.



The approach guides the study search, development of the inclusion criteria, and final study selection processes of the review, subsequently reducing vulnerability (to internal or external sources). The quality of the overall evidence was evaluated using RevMan.




2.2. Literature Search


A comprehensive search was performed using the Cochrane Library, PubMed, Embase, ScienceDirect, and Google Scholar electronic databases. Owing to the scarcity of published studies in this area, several databases were selected with additional studies identified from the reference lists of other studies. An experienced reference librarian was included in the design and conduct of the search strategy with input from the principal reviewers. First, a more general search was performed to establish the link between high blood glucose recovery and COVID-19 infection, which produced a variety of studies that did not meet the requirements of the study objectives to answer the research question accurately. Then, within the above-mentioned electronic databases, reviewers used keywords including “glycemic, hyperglycemia, COVID-19, SARS-CoV-2, hyperglycemia management/control, coronavirus, diabetes, blood glucose, and mortality”. Boolean operators (AND/OR) combined the keywords to produce more relevant outcomes within the selected databases. In PubMed, MeSH terms and Boolean operators were used to refine the search terms to generate relevant articles. Additionally, a reputable expert in the field was contacted to confirm the identification of all potentially relevant articles. Additional studies were performed by manually searching reference lists.




2.3. Eligibility Criteria


Two independent investigators reviewed all the relevant articles and selected those that were suitable for inclusion. Any disagreement was resolved by reaching a consensus or by a third reviewer. The systematic review applied the PICO to the inclusion and exclusion criteria. All included articles met the following inclusion criteria: (1) population (subjects were COVID-19 patients and hyperglycemic), (2) intervention (management of BG), (3) control (control group whose BG was not controlled), and (4) study outcomes (mortality and complications of coronavirus patients with hyperglycemia). Studies were excluded if they did not have relevant data necessary for the meta-analysis or other issues, such as duplicate publications, editorials, reviews of original studies, position papers, articles without full-text access, letters to the editors, and any study not written in English.




2.4. Data Extraction


Working independently, the two reviewers extracted data from different sources. Before extracting the data, the selected studies were assessed for risk of bias according to Cochrane methodological standards [26]. The data extraction phase was conducted by the same researchers involved in the selection of articles. The reviewers extracted specific relevant data using a standardized Excel sheet. The charted variables included authors, location of the study, publication date, study design and population, clinical outcomes, mortality, and COVID-19 complications.




2.5. Statistical Analysis


Two types of analyses were used in this investigation. Qualitative (systematic review) and quantitative (meta-analysis) assessments were also performed. A literal analysis was adopted to conduct a systematic review of the evidence provided by all included studies. We then employed Review Manager version 5.4 (RevMan 5.4; The Nordic Cochrane Center, The Cochrane Collaboration, 2014) to perform a meta-analysis of studies reporting quantitative data in line with the outcomes of this review. A fixed-effects model was used to compute effect size. Dichotomous effect sizes were expressed as event rates (ERs) and used to populate the software. The fixed-effects odds ratio (OR) was calculated at a 95% confidence interval (CI), and the level of significance was reported as the p-value. Statistical significance was set at p < 0.05. Heterogeneity was expressed using the I2 statistic and was judged according to the value, which ranged from 0% (complete consistency) to 100% (complete inconsistency). The results of the meta-analysis were reported using a forest plot and publication bias among the analyzed studies was expressed using a funnel plot.





3. Results


3.1. Study Selection


A total of 229 sources were selected for review; however, 53 articles were excluded based on duplication, and 176 submitted articles were collected for the title and abstract screening. At this stage, the reviewers selected 52 reviews, 23 commentaries, 21 supplementary studies, and 9 irrelevant studies, all of which were excluded from the systematic review. Next, full-text screening was performed for 71 studies, and 57 articles were eliminated because they either did not have a full-text publication or had other eligibility reasons such as studies written in languages other than English. Eleven articles (Table 1.) were selected for inclusion, with an additional three articles added from the reference lists (bibliographies and citations) of previous meta-analyses and systematic reviews. Figure 1 shows the PRISMA 2020 flow [27] with a summary of the selection criteria explained above.




3.2. Meta-Analysis Results


Comparison 1: Diabetic vs. Non-Diabetic COVID-19 Patients.



	
Death






Three [4,25,33] of the eleven included studies reported incidences of death among COVID-19 patients diagnosed with diabetes compared to those without a diabetes diagnosis. We employed a fixed-effects model to calculate the odd ratio of mortality between the two groups and found an OR of 2.70 [2.11, 3.45] at a 95% confidence interval. The current analysis showed a moderately high level of heterogeneity, as evidenced by the I-statistics (I2 = 64%). A test for overall effects showed Z = 7.92 (p < 0.00001), which is an indicator of a significant difference between the included studies. Figure 2 and Figure 3 present the Forest and funnel plots used for this analysis.



Comparison 2: Well-controlled vs. Poorly Controlled Blood Sugar.



	
Death






Another set of three studies [3,29,30] compared the populations of COVID-19 patients who had to undergo glycemic control. In this comparison, the analysis sought to compare two groups undergoing different forms of glycemic control, judged as either well-controlled or poorly controlled. Four data comparisons were obtained, and a fixed effects model OR of 3.76 (3.00, 4.72) at a 95% confidence interval was determined. There was a high level of heterogeneity between studies (I2 = 93%). The test for overall effect was found to be Z = 11.42 (p < 0.00001), which indicates a significant difference between the groups. Figure 4 and Figure 5 show the Forest and funnel plots of this analysis.




3.3. Complications


Another set of three studies [29,30,31] that compared the populations of COVID-19 patients who had to undergo glycemic control was assessed. The outcome of this comparison was the incidence of disease complications between the two glycemic control modalities. Four data comparisons were obtained, and a fixed effects model OR of 0.88 [0.76, 1.02] 95% confidence interval was determined. There was a low level of heterogeneity between studies (I2 = 20%). The test for the overall effect was found to be Z = 1.70 (p < 0.09), which indicated a lack of significant difference between the groups. Figure 6 and Figure 7 present the Forest and funnel plots, respectively, for this analysis.





4. Discussion


The results of this meta-analysis indicate that diabetes is a key factor among the most common comorbidities, as it is significantly associated with the severity and mortality of coronavirus infection. The main goal of this study was to determine whether there is a link between glycemic control and death rate or complications in critically ill COVID-19 patients. Healthcare workers use several blood-glucose-lowering medications to treat COVID-19. According to the results obtained from our meta-analysis, glycemic management is heavily linked to mortality and the incidence of severe complications, including ICU admission and COVID-19 in patients with diabetes. This review provides evidence of the impact of glycemic management in this group of patients. However, due to the limitations of studies concerning glycemic control interventions among COVID-19 patients in our meta-analysis, the relationship between various treatments and outcomes in critically ill patients with hyperglycemia and COVID-19 infection needs to be analyzed in more extensive clinical studies.



4.1. Glucose Control in Hospital


Insulin therapy remains the most commonly used glucose-lowering medication in critically ill patients. The main aims of treatment are to minimize BG variability, reduce the risk of hypoglycemia, and develop optimal glycemic management. However, there is no ideal treatment protocol for hyperglycemia management in critically ill patients or clear evidence to demonstrate the benefit of one approach over the other(s). A study by Yang et al. indicated that insulin treatment may increase fatality and several complications in patients with diabetes and COVID-19 admitted to the ICU [9]. Although there was no substantial association between insulin treatment and in-hospital admission, the use of insulin to manage blood sugar levels may result in prolonged hospitalization. Continuous intravenous insulin infusion, according to computerized protocols or validated written protocols, is the most effective approach for achieving BG targets [17,32]. However, most healthcare workers prefer protocols that require fewer or no calculations of insulin dosage to those that require such calculations. Training healthcare practitioners on how to efficiently use the protocol and predefine adjustments before changing blood sugar or in any situation in which parenteral nutrition, vasopressors, and corticosteroids, among others, are either added or removed is important for protocol safety [25]. Perez-Belmonte et al. (2020) reported that the use of at-home metformin, insulin, DPP-4i, metformin plus insulin, and metformin plus SGLT-2 was significantly associated with in-hospital mortality, complications requiring ICU admission, mechanical ventilation, and longer hospitalization in COVID-19 patients with diabetes [30]. In contrast, a retrospective investigation by Raoufi et al. indicated that COVID-19 patients with poorly or well-controlled diabetes did not present significant differences in chest CT severity scores and clinical outcomes [29].




4.2. Association between Glycemic Control and COVID-19 Outcomes


Patients with COVID-19 and hyperglycemia present with a variety of symptoms, the majority of which can progress to serious complications [9,28,34]. Zhang et al. reported improved clinical outcomes in patients with COVID-19 but with well-controlled BG [9]. The study by Kapoor et al. illustrated the risk of a higher fatality rate with uncontrolled blood sugar levels based on a sample of 5693 hospitalized patients [20]. HbA1C > 7.5% is heavily linked with an increased number of deaths among these patients. The in-hospital fatality rate among patients with more than 70–150 mg/dL (>85 mg/dL) in patients without coronavirus infections was better than that in those with less than 85% [33]. Wang et al. emphasized that poorly managed BG leads to more deaths among patients with diabetes and SARS-CoV-2 infection [34]. The study population involved in specific investigations helps explain these observations. The study included all hospitalized patients, whereas most other studies were limited to ICU patients. Furthermore, the principal mechanisms explaining the link between insulin treatment and poor outcomes among COVID-19 patients with diabetes are unclear; however, there are different explanations for this relationship. Klonoff et al. reported that high blood sugar levels lead to a lower outcome of chronic inflammation, distinguished by adaptive and innate inflammation systems [3]. This condition disrupts the regulation of immune system responses with high levels of pro-inflammatory factors and low levels of anti-inflammatory cytokines. The authors indicated that insulin treatment increased the levels of inflammatory cytokines produced by macrophages in patients with lipopolysaccharide-induced sepsis [35]. Therefore, insulin infusion can rapidly correct complications arising from hyperglycemia, including adhesion molecules and lipid peroxidation. This crucial observation has therapeutic implications for the development of chronic or acute complications in COVID-19 patients with high BG levels.




4.3. Diabetes-Associated Complications


Several hypotheses have been proposed to explain the relationship between hyperglycemia and the progression of viral respiratory infections. Hyperglycemia may adversely affect the function of the pulmonary system, suppress immune responses, and increase the production of inflammatory cytokines [17,28]. Furthermore, angiotensin-converting enzyme 2 expression occurs in the pancreas, and it has been suggested that SARS-CoV-2 can cause direct damage to pancreatic islets [17]. However, the influence of BG on the progression of coronavirus infection requires further study. A recent study by Zhu et al. investigated the link between BG control and clinical outcomes in 952 COVID-19 patients with diabetes [33]. The authors found a slightly lower prevalence of diabetes (8.6%) in this population, despite reporting a 13% prevalence among all participants. In another study, the prevalence of diabetes among COVID-19 patients was 8.9%, which presents a huge comparison between the reviewed studies [31]. Similar to the findings of Zhu et al. (17%) [33], approximately 18% of patients with diabetes developed complications, including ARDS [29]. However, there was a major difference between these two studies [29,33] regarding the definitions of poorly controlled and well-controlled BG. Most articles show that COVID-19 patients with well-managed BG have a remarkably lower in-hospital fatality rate than those with poor or uncontrolled BG. The most recent studies on hospitalized patients with COVID-19 and diabetes support the findings of the present meta-analysis. For example, unlike many studies, Mehta et al.’s clinical study did not associate HbA1c values with a higher death rate or poor clinical outcomes such as mechanical ventilation in COVID-19 patients (which contradicts our findings) [36]. Multiple studies have presented that glycemic management may significantly impact the patient’s prognosis with COVID-19 and a co-existing hyperglycemia condition [17,28,29]. An investigation by Wang et al. states that the death rate of in-hospital COVID-19 patients with high BG is approximately 22%, while another study by Zhang et al. was nearly 29% [9,31]. The death rates were significantly higher than those reported in patients with COVID-19 but without diabetes. Bhatti et al. also affirmed the assumption that glycemic management when a patient is admitted to the ICU is directly related to poor clinical outcomes in COVID-19 patients with hyperglycemia [32]. However, ICU admission or mechanical ventilation leading to death was minimal, with reasonable glycemic control during the hospital stay, which was true in most reviewed studies.




4.4. Interpretation


Mean blood glucose levels were closely associated with mortality among hospitalized COVID-19 patients with diabetes. Poor glycemic control in critically ill patients leads to an increased mortality rate, increased infection rate, mechanical ventilation, and prolonged hospitalization in critically ill patients. Patients who did so during the admission period had significantly higher glucose levels than those who were discharged (fully recovered). Our meta-analysis suggests that tighter glycemic management may positively impact COVID-19 patients, regardless of whether they have diabetes. During this coronavirus pandemic, using an aggressive glycemic control protocol could potentially improve clinical outcomes, a subject that requires further study on an extensive scale.




4.5. Strengths and Limitations of the Study


The inclusion of studies, regardless of the study design and where they were published or conducted, provided a comprehensive prevalence estimation of the death rate among COVID-19 patients with hyperglycemia. In addition, the applied estimates did not compromise sample size or power. A substantial sample size and relative geographic diversity (participants’ origin) may improve the generalizability of our systematic review and meta-analysis. Despite these strengths, our review and analysis had several limitations. For example, owing to the inclusion of articles published only in the English language, the obtained results might be subject to bias as other studies written in different languages were excluded. However, this case is unlikely or minimal (due to the coronavirus pandemic, the researchers and scientists aimed to reach a broader audience). Furthermore, our meta-analysis could not account for the death rates of COVID-19 patients with high BG levels who remained hospitalized after the conclusion of the study. Finally, the studies included only covered several countries where the studies were conducted; therefore, the interpretation of the findings should be performed cautiously, as one geographical region should not be generalized to the global level.





5. Conclusions


The main implication is that it approximates the mortality burden in admitted COVID-19 patients, particularly those with high BG. The data provided might be useful to healthcare workers and authorities when strategizing hospital management protocols for these types of patients, such as close monitoring, efficient triaging, and specialist care. Furthermore, the outlined mortality burden and health complications highlight the immediate need for additional clinical studies and research to ascertain key determinants.







Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


No data required or created for this study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hartmann, B.; Verket, M.; Balfanz, P.; Hartmann, N.U.; Jacobsen, M.; Brandts, J.; Dreher, M.; Kossack, N.; Häckl, D.; Marx, N.; et al. Glycaemic variability is associated with all-cause mortality in COVID-19 patients with ARDS, a retrospective subcohort study. Sci. Rep. 2022, 12, 9862. [Google Scholar] [CrossRef] [PubMed]

	



Agarwal, S.; Mathew, J.; Davis, G.M.; Shephardson, A.; Levine, A.; Louard, R.; Urrutia, A.; Perez-Guzman, C.; Umpierrez, G.E.; Peng, L.; et al. Continuous Glucose Monitoring in the Intensive Care Unit During the COVID-19 Pandemic. Diabetes Care 2021, 44, 847–849. [Google Scholar] [CrossRef] [PubMed]

	



Klonoff, D.C.; Messler, J.C.; Umpierrez, G.E.; Peng, L.; Booth, R.; Crowe, J.; Garrett, V.; McFarland, R.; Pasquel, F.J. Association Between Achieving Inpatient Glycemic Control and Clinical Outcomes in Hospitalized Patients With COVID-19: A Multicenter, Retrospective Hospital-Based Analysis. Diabetes Care 2021, 44, 578–585. [Google Scholar] [CrossRef] [PubMed]

	



Fadini, G.P.; Morieri, M.L.; Boscari, F.; Fioretto, P.; Maran, A.; Busetto, L.; Bonora, B.M.; Selmin, E.; Arcidiacono, G.; Pinelli, S.; et al. Newly-diagnosed diabetes and admission hyperglycemia predict COVID-19 severity by aggravating respiratory deterioration. Diabetes Res. Clin. Pract. 2020, 168, 108374. [Google Scholar] [CrossRef]

	



Pugliese, G.; Vitale, M.; Resi, V.; Orsi, E. Is diabetes mellitus a risk factor for COronaVIrus Disease 19 (COVID-19)? Acta Diabetol. 2020, 57, 1275–1285. [Google Scholar] [CrossRef]

	



Fernández, E.; Cortazar, A.; Bellido, V. Impact of COVID-19 lockdown on glycemic control in patients with type 1 diabetes. Diabetes Res. Clin. Pract. 2020, 166, 108348. [Google Scholar] [CrossRef]

	



Zhang, Y.; Cui, Y.; Shen, M.; Zhang, J.; Liu, B.; Dai, M.; Chen, L.; Han, D.; Fan, Y.; Zeng, Y.; et al. Association of diabetes mellitus with disease severity and prognosis in COVID-19: A retrospective cohort study. Diabetes Res. Clin. Pract. 2020, 165, 108227. [Google Scholar] [CrossRef]

	



Singh, A.K.; Gupta, R.; Ghosh, A.; Misra, A. Diabetes in COVID-19: Prevalence, pathophysiology, prognosis and practical considerations. Diabetes Metab. Syndr. 2020, 14, 303–310. [Google Scholar] [CrossRef]

	



Yang, Y.; Cai, Z.; Zhang, J. Insulin Treatment May Increase Adverse Outcomes in Patients With COVID-19 and Diabetes: A Systematic Review and Meta-Analysis. Front. Endocrinol. 2021, 12, 696087. [Google Scholar] [CrossRef]

	



Feldman, E.L.; Savelieff, M.G.; Hayek, S.S.; Pennathur, S.; Kretzler, M.; Pop-Busui, R. COVID-19 and Diabetes: A Collision and Collusion of Two Diseases. Diabetes 2020, 69, 2549–2565. [Google Scholar] [CrossRef]

	



Guo, W.; Li, M.; Dong, Y.; Zhou, H.; Zhang, Z.; Tian, C.; Qin, R.; Wang, H.; Shen, Y.; Du, K.; et al. Diabetes is a risk factor for the progression and prognosis of COVID-19. Diabetes Metab. Res. Rev. 2020, 36, e3319. [Google Scholar] [CrossRef]

	



McGurnaghan, S.J.; Weir, A.; Bishop, J.; Kennedy, S.; Blackbourn LA, K.; McAllister, D.A.; Hutchinson, S.; Caparrotta, T.M.; Mellor, J.; Jeyam, A.; et al. Risks of and risk factors for COVID-19 disease in people with diabetes: A cohort study of the total population of Scotland. Lancet Diabetes Endocrinol. 2021, 9, 82–93. [Google Scholar] [CrossRef]

	



Sardu, C.; D’Onofrio, N.; Balestrieri, M.L.; Barbieri, M.; Rizzo, M.R.; Messina, V.; Maggi, P.; Coppola, N.; Paolisso, G.; Marfella, R. Outcomes in Patients with Hyperglycemia Affected by COVID-19: Can We Do More on Glycemic Control? Diabetes Care 2020, 43, 1408–1415. [Google Scholar] [CrossRef]

	



Vasbinder, A.; Anderson, E.; Shadid, H.; Berlin, H.; Pan, M.; Azam, T.U.; Khaleel, I.; Padalia, K.; Meloche, C.; O’Hayer, P.; et al. Inflammation, Hyperglycemia, and Adverse Outcomes in Individuals With Diabetes Mellitus Hospitalized for COVID-19. Diabetes Care 2022, 45, 692–700. [Google Scholar] [CrossRef]

	



Takahashi, Y.; Matsuura, H.; Domi, H.; Yamamura, H. A continuous intravenous insulin infusion protocol to manage high-dose methylprednisolone-induced hyperglycemia in patients with severe COVID-19. Clin. Diabetes Endocrinol. 2022, 8, 4. [Google Scholar] [CrossRef]

	



Halpern, B.; Mancini, M.C. Controlled obesity status: A rarely used concept, but with particular importance in the COVID-19 pandemic and beyond. J. Endocrinol. Investig. 2021, 44, 877–880. [Google Scholar] [CrossRef]

	



Boeder, S.; Kobayashi, E.; Ramesh, G.; Serences, B.; Kulasa, K.; Majithia, A.R. Accuracy and Glycemic Efficacy of Continuous Glucose Monitors in Critically Ill COVID-19 Patients: A Retrospective Study. J. Diabetes Sci. Technol. 2022, 19322968221113865. [Google Scholar] [CrossRef]

	



Zhou, J.; Tan, J. Diabetes patients with COVID-19 need better blood glucose management in Wuhan, China. Metabolism 2020, 107, 154216. [Google Scholar] [CrossRef]

	



Wu, X.; Luo, S.; Zheng, X.; Ding, Y.; Wang, S.; Ling, P.; Yue, T.; Xu, W.; Yan, J.; Weng, J. Glycemic control in children and teenagers with type 1 diabetes around lockdown for COVID-19: A continuous glucose monitoring-based observational study. J. Diabetes Investig. 2021, 12, 1708–1717. [Google Scholar] [CrossRef]

	



Kapoor, R.; Timsina, L.R.; Gupta, N.; Kaur, H.; Vidger, A.J.; Pollander, A.M.; Jacobi, J.; Khare, S.; Rahman, O. Maintaining Blood Glucose Levels in Range (70-150 mg/dL) is Difficult in COVID-19 Compared to Non-COVID-19 ICU Patients-A Retrospective Analysis. J. Clin. Med. 2020, 9, 3635. [Google Scholar] [CrossRef]

	



Gianchandani, R.; Esfandiari, N.H.; Ang, L.; Iyengar, J.; Knotts, S.; Choksi, P.; Pop-Busui, R. Managing Hyperglycemia in the COVID-19 Inflammatory Storm. Diabetes 2020, 69, 2048–2053. [Google Scholar] [CrossRef] [PubMed]

	



Christoforidis, A.; Kavoura, E.; Nemtsa, A.; Pappa, K.; Dimitriadou, M. Coronavirus lockdown effect on type 1 diabetes management omicronn children wearing insulin pump equipped with continuous glucose monitoring system. Diabetes Res. Clin. Pract. 2020, 166, 108307. [Google Scholar] [CrossRef] [PubMed]

	



Scott, E.S.; Jenkins, A.; Fulcher, G. Challenges of diabetes management during the COVID-19 pandemic. Med. J. Aust. 2020, 213, 56–57.e1. [Google Scholar] [CrossRef] [PubMed]

	



Holman, N.; Knighton, P.; Kar, P.; O’Keefe, J.; Curley, M.; Weaver, A.; Barron, E.; Bakhai, C.; Khunti, K.; Wareham, N.J.; et al. Risk factors for COVID-19-related mortality in people with type 1 and type 2 diabetes in England: A population-based cohort study. Lancet Diabetes Endocrinol. 2020, 8, 823–833. [Google Scholar] [CrossRef]

	



Lesniak, C.; Ong, R.; Akula, M.S.; Douedi, S.; Akoluk, A.; Soomro, R.; Copca-Alvarez, A.; Purewal, T.; Patel, I.; Upadhyaya, V.; et al. Inpatient glycemic control and outcome of COVID-19 patients: A retrospective cohort. SAGE Open Med. 2021, 9, 20503121211039105. [Google Scholar] [CrossRef]

	



Higgins, J.P.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V. A Cochrane Handbook for Systematic Reviews of Interventions. In Cochrane Handbook for Systematic Reviews of Interventions; John Wiley & Sons: Hoboken, NJ, USA, 2022. [Google Scholar]

	



Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71. [Google Scholar] [CrossRef]

	



Mishra, Y.; Prashar, M.; Sharma, D.; Akash Kumar, V.P.; Tilak, T.V.S.V.G.K. Diabetes, COVID 19 and mucormycosis: Clinical spectrum and outcome in a tertiary care medical center in Western India. Diabetes Metab. Syndr. 2021, 15, 102196. [Google Scholar] [CrossRef]

	



Raoufi, M.; Khalili, S.; Mansouri, M.; Mahdavi, A.; Khalili, N. Well-controlled vs poorly-controlled diabetes in patients with COVID-19: Are there any differences in outcomes and imaging findings? Diabetes Res. Clin. Pract. 2020, 166, 108286. [Google Scholar] [CrossRef]

	



Pérez-Belmonte, L.M.; Torres-Peña, J.D.; López-Carmona, M.D.; Ayala-Gutiérrez, M.M.; Fuentes-Jiménez, F.; Huerta, L.J.; Muñoz, J.A.; Rubio-Rivas, M.; Madrazo, M.; Garcia, M.G.; et al. Mortality and other adverse outcomes in patients with type 2 diabetes mellitus admitted for COVID-19 in association with glucose-lowering drugs: A nationwide cohort study. BMC Med. 2020, 18, 359. [Google Scholar] [CrossRef]

	



Wang, B.; Glicksberg, B.S.; Nadkarni, G.N.; Vashishth, D. Evaluation and management of COVID-19-related severity in people with type 2 diabetes. BMJ Open Diabetes Res. Care 2021, 9, e002299. [Google Scholar] [CrossRef]

	



Bhatti, J.M.; Raza, S.A.; Shahid, M.O.; Akhtar, A.; Ahmed, T.; Das, B. Association between glycemic control and the outcome in hospitalized patients with COVID-19. Endocrine 2022, 77, 213–220. [Google Scholar] [CrossRef]

	



Zhu, L.; She, Z.; Cheng, X.; Qin, J.; Zhang, X.; Cai, J.; Lei, F.; Wang, H.; Xie, J.; Wang, W.; et al. Association of Blood Glucose Control and Outcomes in Patients with COVID-19 and Pre-existing Type 2 Diabetes. Cell Metab. 2020, 31, 1068–1077.e3. [Google Scholar] [CrossRef]

	



Wang, D.; Hu, B.; Hu, C.; Zhu, F.; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical Characteristics of 138 Hospitalized Patients with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA 2020, 323, 1061–1069. [Google Scholar] [CrossRef]

	



Foppa, L.; Alessi, J.; Nemetz, B.; de Matos, R.; Telo, G.H.; Schaan, B.D. Quality of care in patients with type 1 diabetes during the COVID-19 pandemic: A cohort study from Southern Brazil. Diabetol. Metab. Syndr. 2022, 14, 75. [Google Scholar] [CrossRef]

	



Mehta, P.B.; Kohn, M.A.; Koliwad, S.K.; Rushakoff, R.J. Lack of association between either outpatient or inpatient glycemic control and COVID-19 illness severity or mortality in patients with diabetes. BMJ Open Diabetes Res. Care 2021, 9, e002203. [Google Scholar] [CrossRef]








[image: Jcm 12 02555 g001 550] 





Figure 1. PRISMA flow diagram of the search strategy, selection process, and included studies. 
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Figure 2. Forest plot for the outcome of death in the diabetic vs. non-diabetic COVID-19 patients’ comparison (calculated using a fixed effect OR of 2.70) [4,25,33]. 
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Figure 3. Funnel plot of the outcome of death in the diabetic vs. von-diabetic COVID-19 patients’ comparison [4,25,33]. 
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Figure 4. Forest plot for the outcome of death in the well-controlled vs. poorly controlled glycemic comparison (calculated using a fixed-effects OR of 3.76) [3,29,30]. 
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Figure 5. Funnel plot of the outcome of death in well-controlled vs. poorly controlled glycemic comparisons [3,29,30]. 
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Figure 6. Forest plot for the outcome of complications in the well-controlled vs. poorly controlled glycemic comparison (calculated using a fixed-effect OR of 0.88) [29,30,31]. 
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Figure 7. Funnel plot of the outcome of comparison in the well-controlled vs. poorly controlled glycemic comparison. [29,30,31]. 
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Table 1. Summary of the basic characteristics of the included studies.
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	Author/Year
	Study Design
	Country
	Participants
	Intervention
	Results
	Conclusion





	Mishra et al.

(2021) [28]
	Cohort
	India
	32
	Blood glucose was monitored in CAM patients.
	In patients with CAM, 87.5% had Diabetes Mellitus as the most common co-morbidity.
	Uncontrolled BG in CAM patients reported high fatality.



	Lesniak et al.

(2021) [25]
	Cohort
	USA
	292
	Glycemic control among diabetic and non-diabetic COVID-19 patients in-hospital mortality
	Significant fatality and hospitalization among COVID-19 inpatients diabetic and non-diabetic.
	Study shows link between mortality and BG levels, suggesting the advantages of well-managed BG.



	Raoufi et al.

(2020) [29]
	Cohort
	Iran
	117
	Two groups of COVID-19 patients based on HbA1c values screened.
	No difference in mortality and recovery rate between two groups (p = 0.54 and p = 0.85, respectively).
	No significant difference in clinical outcomes and chest CT severity scores between the two groups.



	Perez-Belmonte et al.

(2020) [30]
	Cohort
	Spain
	2666
	All COVID-19 patients with type 2 diabetes mellitus on hypoglycemic medication in the Spanish Society of Internal Medicine’s registry followed for mortality
	Covid patients with home glucose-lowering drugs showed a significant association with in-hospital deaths, need for ICU, mechanical ventilation and increase hospital stay.
	In patients with type 2 diabetes mellitus admitted for COVID-19, at-home glucose-lowering drugs showed no significant association with mortality and adverse outcomes.



	Wang et al.

(2021) [31]
	Cohort
	USA
	16,504
	COVID-19 patients with DM on Insulin, metformin, ACEIs, angiotensin receptor blockers, and corticosteroids.
	The HR of longitudinal HbA1c for risk of ICU = 1.12 (per 1% increase, p < 0.001) and 1.48 (comparing group with poor (HbA1c ≥ 9%) and adequate glycemic control (HbA1c 6–9%), p < 0.001).
	Combination of metformin, insulin, and corticosteroids prevents COVID-19 patients with T2D developing severe complications.



	Boeder et al.

(2022) [17]
	Cohort
	USA
	24
	CGM in critically ill COVID-19 patient in emergency department
	Individuals’ glycemic control improved when CGM was used (mean difference –30.7 mg/dL). Mean absolute relative difference of 14.8% and 99.5% of CGM.
	BG management in COVID-19 patients improved during IV therapy.



	Klonoff et al.

(2020) [3]
	Cohort
	USA
	1544
	Patients grouped according to achieved mean glucose category in mg/dL.
	In non-ICU patients, severe hyperglycemia BG >13.88 mmol on days 2–3 linked with high fatality (HR) 7.17; 95% CI 2.62–19.62) compared with patients with BG <7.77 mmol/L). In patients admitted directly to the ICU.

Severe hyperglycemia on admission reported increased mortality (HR 3.14; 95% CI 1.44–6.88).
	Hyperglycemia highly linked with poor outcomes in COVID-19 inpatients.



	Bhatti et al.

(2022) [32]
	Cohort
	Pakistan
	638
	COVID-19 patients with and undiagnosed DM.
	Mortality was lowest in Patients with HbA1c of <7% (p < 0.001).

Need for ICU admission highest in patients with HbA1c between 7 and 10% (p 0.002).
	Effective glycemic control is related to lower risk of fatality in COVID-19 infections.



	Zhang et al.

(2020) [7]
	Cohort
	China
	52
	Retrospectively hospitalized COVID-19 patients with and without DM reviewed.
	COVID-19 patients with diabetes were more likely to develop severe or critical disease conditions with more complications and had higher incidence rates of antibiotic therapy, non-invasive and invasive mechanical ventilation, and death (11.1% vs. 4.1%).
	COVID-19 patients with diabetes showed poor clinical outcomes.



	Fadini et al.

(2020) [4]
	Cohort
	Italy
	413
	Retrospectively COVID patients with diabetes analyzed for composite of ICU admission or death.
	ICU admission/death in 37.4% of patients with diabetes compared to 20.3% in those without diabetes.

(RR 1.85; 95% CI 1.33–2.57; p < 0.001).
	Newly diagnosed diabetes is key determinant of COVID-19 severity.



	Zhu et al.

(2020) [33]
	Cohort
	China
	7337
	Retrospectively studying subjects with COVID-19 and diabetes for prognosis
	Subjects with DM needed more medical interventions.

Higher death rates (7.8% versus 2.7%; (HR = 1.49) and multiple organ injuries than the non-diabetic patients.
	DM is a key predictor for COVID-19 infection progression.







CAM: COVID-19 associated Mucormycosis, BG: Blood glucose, DM: Diabetes mellitus, HbA1C: Hemoglobin A1C, CT: Computer Tomography, ICU: Intensive care unit, RR: Relative risk, CI: Confidence interval, HR: Hazards ratio.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
10

=

02;

J0ug pavpurig.

H

08;

0dds Ratio





media/file4.png
T2DM No T2DM Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
Fadini 2020 15 107 dd alh 234 1.35[0.70, 2.60] ——
Lesniak 2021 32 63 14 63 10.9% 3.61 [1.67,7.82] —_—
Zhu 2020 74 952 173 6385 B57% 3.03[2.28, 4.01] L ]
Total (95% CI) 1122 6754 100.0%  2.70 [2.11, 3.45] @
Total events 121 220
Heterogeneity: Chi*= 5.50, df= 2 (P = 0.06); = 64% 001 01 g s 100

Testfor overall effect Z=7.92 (P = 0.00001)

Favours [T2DM] Favours [No T2DM]





nav.xhtml


  jcm-12-02555


  
    		
      jcm-12-02555
    


  




  





media/file2.png
]

Identification

Google Scholar (n = 3)
\_ /

Potentially relevant studies identified:

Cochrane Library (n = 7)

PubMed) (n = 210)
EMBASE (n = 9)

l

4 N

Potentially relevant studies screened

-

\.

~

Studies removed on duplication

grounds (n = 53)

J/

(Title & Abstract) (n =176)
\. y,

v

-
Studies screened (on full text)

./

(n=71)
.

v
Eligible studies downloaded for the

review (n = 11)

/Studies excluded because of failing\

to meet the eligibility criteria
Reviews (n = 52)
Not COVID-19 related (n = 23)

Not patients with diabetes (n = 21)

/

\

Irrelevant (n = g)

Total (n = 105)

Studies excluded for:

No full-text publications (n = 27)

Other edibility reasons (n = 36)
Total (n = 63)

\ J

Studies added from reference lists

(citations and bibliographies) (n =3)





media/file5.jpg
o

01

S 3

Joaxy paepumis

o

0dds Ratio





media/file3.jpg
T20M  NoT20M 0dds Ratio Odds Ratio

Sty or Subgroup _Events Total Events_Toal_Welght M.t fxed, 054 1 M e 9551
Fadni 2020 TS 3 06 2% 138070260 B

Losniak2021 2 e 1 e 0w sepenre) —

un e T s 657% 3032780 -

Touiess 2 754 10008 2700211,345) -

Toaovnts 20

Heterogeny 1 ©=000:8= 0% i =

Testforoeral efect Z= 792 P < 0.0000%) [N —





media/file1.jpg
L ———
Codae ey =7)
Putsta

2100

Pl et st sl
[

™

St e n )
@

—te—
e stutles dompondedfr the

w1

PA——
s 0o

St e b o g
[ ——
Revews 1 052)
ot COVID g et (2 20)
ottt it detes (1-+21)
o

Touln 09

Prp—
ol publcaioos 0= 27

Ot ity reons (0.36)
Ttlton60)

P —

Ction andbiblrapie) 3 -3)





media/file7.jpg
Pl S byt Otds Rt
pestgos s Tt oo e wilinsi v ety
ot W m w te aes sakar
Peassems ¢ w o m wons ospena —
Pusmeess  x 8 B 6 3 wpsam —+—
ey S on n e omemm —
Tamma s o e e -
Toonts m w
e O 110437 000D 5%

Tet oot 21126 0001)






media/file10.png
™ |
=
‘I
-
-
‘-\
-
\\.\.
-
\“
-
- 1o
- _—
“
“
“
O call
-
-
ol
“‘
-
o i B i i i i A i i i W D Sl e e e el i e B T ek B S S
"!
- -
f’
’,
"
—
‘.‘
'J,
.'lll’
—
’ll'
-
—
O Tes
- —
o & 1
-
"'
-
O o
—
IT. -
o
1 1 i 1 Yo mey
Ll L] L] l.'
~ = o 0 —
o o o o

JI00I7] paepuels

Odds Ratio





media/file12.png
Good gtvcemiccontrol  Poor givcemic control 0Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 05% Cl M-H, llxﬂ, d, 5% Cl
Perez-Belmonte 2020 19 34 22 34 26% 069[0.26,1 83
Perez-Belmonte 2020 44 67 36 B7 33% 1.65(082 331] o
Raoufi 2020 3 24 18 93 17% 0600186, 222
Wang 2021 1263 14038 222 2166 925%  0.87[0.74,1.01]
Total (05% Cl) 14163 2360 100.0% 0.88 [0.76,1.02] -
Total events 1329 298
eterogeneityChi = 3.73, df= =0 r= k t : 4
H Chf' = 3.73, df= 3 (P = 0.29); F= 20% 0.01 0.1 1 10 100

Test for overall effectZ= 1.70 (P= 0.09) Favours (Good glvcemic control) Favours [Poor glvcemic control)





media/file9.jpg
o1

bor

02

< F)

011 prepuns

o

08

0dds Ratio





media/file0.png





media/file14.png
100

10

T

Odds Ratio

0.1

]

L]
-
o

0
0.2+

JOLIy plepue)S

06+

08T

0.01





media/file8.png
Good glycemic control ~ Poor glycemic control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Klonoff 2020 184 260 184 1184 58.4%  5.87[4.49 7454 . =
Ferez-Belmonte 2020 i 34 10 4 115% 051016, 1.62] .
Ferez-Belmonte 2020 24 i 23 A7 206%  1.07[0.53 2.17] —
Raoufi 2020 h 24 21 93 85% 040030, 2.71] .
Total {(95% Cl) 485 1378 100.0% 3.76[3.00,4.72] Q
Total events 224 243
Heterageneity: Chi*=41.00 df=3 (P = 0.00001% F=93% IIJ T D=1 , 1=EI 1|IIEII

Testfor overall effect Z=11.42 (P = 0.00001)

Favours [Good glycemic control] Favours [Poor glycemic control]





media/file11.jpg
e " e s

[ty
e
pritvd
b

P






media/file6.png
l“
‘--l\ll
—
- -

‘.
‘\
ll-

@]

:

i

:
|
:
:
|
:
:
:

Odds Ratio

-
il
-
-

e
—
-

- T—

01

0.01

04
0.5

1
L]
«
o

0.1+
02T

J0.LI pJaepuels





