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I. Summary (German) 

Im Zusammenhang mit der COVID-19-Pandemie gibt es Hinweise darauf, dass Diabetes 

ein Risikofaktor für eine schlechte Prognose ist. Ziel dieser Studie ist es daher, die 

Hochrisiko-Phänotypen von Patienten mit Diabetes zu identifizieren, die mit dem Tod und 

Schweregrad von COVID-19 verbunden sind. Dies ist das erste Update eines kürzlich 

veröffentlichten systematischen Reviews und Metaanalyse von Beobachtungsstudien, das 

Phänotypen bei Menschen mit Diabetes in Bezug auf COVID-19-bedingten Tod und 

Schweregrad untersuchte. Bis Mai 2021 wurden vier verschiedene Datenbanken 

durchsucht. Die Literatur wurde von zwei unabhängigen Forschern gesichtet und die Daten 

wurden aus den relevanten Studien extrahiert. Das Bias-Risiko der Studien wurde mit dem 

QUIPS-Tool und die Vertrauenswürdigkeit der Evidenz mit dem GRADE-Tool bewertet. 

Wir berechneten die Gesamt-Relativen Risiken (SRR) mit 95%-Konfidenzintervallen (KI) 

unter Verwendung von Random-Effects Metaanalysen. Gemäß den Einschlusskriterien 

wurden 80 Artikel, davon 58 neue Studien, mit 90.000 Personen mit Diabetes 

eingeschlossen. Wir haben 143 Metaanalysen durchgeführt, 68 zu COVID-19-bedingten 

Tod und 75 zum Schweregrad von COVID-19. Es wurden Zusammenhänge mit hoher 

Vertrauenswürdigkeit der Evidenz zwischen männlichem Geschlecht, höherem Alter, 

Blutzuckerspiegel bei der Aufnahme, chronischer Insulin- und Metformineinnahme sowie 

vorbestehenden Komorbiditäten (CVD, CKD, COPD) und COVID-19-bedingten 

Todesfällen nachgewiesen. Unsere Ergebnisse liefern neue Erkenntnisse mit mittlerer bis 

hoher Vertrauenswürdigkeit der Evidenz für Adipositas (SRR: 1,54 [95% KI: 1,11, 2,15]; 

n=9 Studien), mikrovaskuläre Komplikationen (SRR: 1,55 [95% KI: 1,08, 2,22]; n=3), 

Demenz/kognitive Beeinträchtigungen (SRR: 1,76 [95% KI: 1,21, 2,58]; n=4), Charlson-

Index (SRR pro 1 Einheit: 1,33 [95% KI: 1,13, 1,57]; n=2), hohe CRP-Werte (SRR pro 5 

mg/l: 1,07 [95% Kl: 1,02, 1,12]; n=7), AST (SRR: pro 5 U/l: 1,42 [95% Kl: 1,06, 1,90]; 

n=4), eGFR invers (SRR pro 10 ml/min/1,73 m²: 0,78 [95% KI: 0,64, 0,93]; n=3) und 

Lymphozytenzahl invers (SRR pro 1x109/l: 0,29 [95% KI: 0,11, 0,73]; n=5) im Hinblick 

auf COVID-19-bedingten Tod. Es ergaben sich ähnliche Ergebnisse zwischen diesen 

Risikofaktoren und dem Schweregrad von COVID-19, allerdings wurden für diesen 

Endpunkt weitere Risikofaktoren identifiziert: Hypertonie (SRR: 1,28 [95% KI: 1,13, 

1,44]; n=24) und HbA1c (SRR pro 10 mmol/mol: 1,12 [95% KI: 1,01, 1,24]; n=13). 

Unsere Ergebnisse deuten darauf hin, dass nicht der Diabetes an sich, sondern der 



 
 

 
 

Schweregrad des Diabetes und die vorbestehenden Komorbiditäten die Prognose von 

COVID-19 bedingen. 

II. Summary (English) 

In the context of the COVID-19 pandemic, there is an indication that diabetes is a risk 

factor for poor prognosis. The aim of this research is therefore to determine the high-risk 

phenotypes of patients with diabetes that are associated with death and COVID-19-related 

severity and to quantify the risk. This is the first update of our recently published 

systematic review and meta-analysis of observational studies investigating phenotypes in 

individuals with diabetes regarding COVID-19-related death and severity. Until May 2021 

four different databases were searched. The literature was screened by two independent 

researchers and data were extracted from eligible studies. The risk of bias of the studies 

was evaluated by the QUIPS tool and the certainty of evidence by the GRADE tool. We 

calculated summary relative risks (SRR) with a 95% confidence interval (CI) using 

random effects meta-analyses. According to the eligibility criteria, 80 articles, of which 58 

were new studies, involving 90,000 individuals were included. We carried out 143 meta-

analyses, 68 on COVID-19-related death and 75 on COVID-19-related severity. 

Associations with high certainty of evidence were demonstrated between male sex, older 

age, admission blood glucose level, use of chronic insulin and metformin, as well as pre-

existing comorbidities (CVD, CKD, COPD) with COVID-19-related death. Our results 

generate new evidence with moderate to high certainty of evidence for obesity (SRR: 1.54 

[95% CI: 1.11, 2.15]; n=9 studies), pre-existing microvascular complications (SRR: 1.55 

[95% CI: 1.08, 2.22]; n=3), dementia/cognitive impairments (SRR: 1.76 [95% CI: 1.21, 

2.58]; n=4), Charlson index (SRR per 1 unit: 1.33 [95% CI: 1.13, 1.57]; n=2), high levels 

of CRP (SRR per 5 mg/l: 1.07 [95% Cl: 1.02, 1.12]; n=7), AST (SRR per 5 U/l: 1.42 [95% 

Cl: 1.06, 1.90]; n=4), eGFR inversely (SRR per 10 ml/min/1,73 m²: 0.78 [95% Cl: 0.64, 

0.93]; n=3) and lymphocyte count inversely (SRR per 1x109/l: 0.29 [95% Cl: 0.11, 0.73]; 

n=5) related to COVID-19 death. There were similar results between these risk factors and 

the severity of COVID-19, but additional risk factors were identified for this endpoint: 

hypertension (SRR: 1.28 [95% Cl: 1.13, 1.44]; n=24) and HbA1c (SRR per 10 mmol/mol: 

1.12 [95% Cl: 1.01, 1.24]; n=13). Our findings imply that it is not the diabetes per se, but 

that the prognosis of COVID-19 depends on the severity of diabetes and the pre-existing 

comorbidities.  
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Chapter 1 - Introduction 

The World Health Organisation issued a pandemic alert precipitated by the rapid evolution of 

coronavirus disease-2019 (COVID-19), induced by the severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) after a cluster of pneumonia cases originated in Wuhan City, 

China in 2019. Given the rapid escalation of COVID-19 cases and its substantial effects on 

mortality, the healthcare infrastructure has been overwhelmed on a global basis. As it is 

suggested by the World Health Organisation (2), until January 2024 more than 774 million 

cases of SARS-CoV-2 infections and more than 7 million deaths have been reported 

worldwide since 2019. Consequently, the global economies have been strained to contain the 

outbreak, identify patients who are vulnerable to COVID-19 infection, and prevent the 

downgrade of economic growth.  

Evidence from several systematic reviews and meta-analysis have indicated a two- to three-

fold increased risk of mortality in patients with diabetes and COVID-19 compared to those 

without diabetes and COVID-19 (3, 4). Moreover, it has been postulated that diabetes is a risk 

factor for poor prognosis among individuals with COVID-19, in addition to other concomitant 

medical conditions (e.g. underlying cardiovascular diseases (CVD), respiratory diseases, 

hypertension, and obesity) (5). Therefore, individuals with diabetes present unique clinical 

challenges necessitating meticulous management. Diabetes, on the other hand, is a complex 

disease, thus there is growing evidence from recent studies that have discovered the 

associations between COVID-19 infection and specific phenotypes of diabetes with 

comorbidities and complications (6).  

 

Diabetes Mellitus  

Epidemiology  

Diabetes mellitus is a metabolic disorder characterised by chronic hyperglycemia (7). About 

537 million people worldwide have diabetes mellitus, corresponding to 10.5% of the world’s 

population (8), while the prevalence has been rising more rapidly in low- and middle-income 

countries (9). The prevalence of diabetes mellitus in Europe lies at 9% and it is expected to 

increase by 1% by 2030, and the worldwide prevalence is estimated to increase to 12.5% by 

2030 (8). Between 2000 and 2019, there was a 3% increase in diabetes mortality rates, and 

specifically, in lower-middle-income countries, the mortality rate due to diabetes increased by 

13% (9), making it the ninth leading cause of mortality (10). This metabolic disorder accounted 
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for 6.7 million deaths in 2021, 1 every 5 seconds (8), and 32.6% of all deaths due to diabetes 

occurred before the age of 60 years (9).  

 

Definition and Pathomechanisms of Diabetes Mellitus 

Diabetes mellitus is a chronic metabolic disorder marked by chronic elevation of blood glucose 

levels (hyperglycemia) (7). It occurs either due to insufficient insulin production in the 

pancreas or when the body does not respond effectively to the insulin produced, or usually 

both (9). Insulin is a polypeptide hormone secreted by β-cells in the islets of Langerhans of 

the pancreas (11). The hormone regulates glucose levels in the bloodstream and induces 

glucose storage in the liver, muscles, and adipose tissue, resulting in overall weight gain (11). 

Thus, any change in physiological processes by insulin makes its synthesis and levels critical 

in the onset and progression of chronic diseases such as diabetes (11). 

Diabetes mellitus can be categorised into four subgroups: type 1 (T1D), type 2 (T2D), 

gestational, and other specific types of diabetes (7). The focus of our study is on type 1 and 2 

diabetes, therefore only individuals with these two types of diabetes fulfilled the inclusion 

criteria of the studies of our systematic review.  

Diabetes mellitus Type 1 (T1D) is caused by β-cell destruction in the pancreas leading to an 

absolute deficiency of insulin, primarily due to immunological factors (7), resulting in 

hyperglycemia and ketosis. Incidence peaks in puberty and early adulthood, but onset can 

occur at any age (12). This type of diabetes accounts for about 5-10% of all cases of diabetes 

(7) and occurs most commonly in Europe and North America affecting approximately two 

million people (13). Like other organ-specific autoimmune diseases, T1D has human 

leukocyte antigen (HLA) associations (13). Two combinations that are of particular 

importance are present in 90% of children with T1D: DR4-DQ8 and DR3-DQ2 (13). First-

degree relatives of these children are at greater risk of developing T1D than the relatives of 

children in whom the disease develops later (13). Three stages have been suggested for the 

progression of T1D (14). Stage 1 is characterized by β-cell autoimmunity, yet with 

normoglycemia and no symptoms. Dysglycemia appears in stage 2, followed by the symptoms 

in stage 3 (14).  

Diabetes mellitus Type 2 (T2D) is the most common form of diabetes mellitus that accounts 

for 90-95% of all individuals with diabetes (7). It is expected that the number of cases of 

diabetes mellitus will increase to 643 million by 2030 (8). T2D is characterised by 
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carbohydrate and fat metabolism abnormalities (15). It is a heterogeneous syndrome and the 

causes are multifactorial, which include both genetic and environmental elements affecting β-

cell function and insulin sensitivity in tissues (15). The condition is marked by deficient insulin 

secretion by pancreatic islet β-cells, tissue insulin resistance, and an inadequate compensatory 

insulin secretory response, leading to a progressive increase in plasma glucose levels (16). 

Insulin resistance is the inability of cells in muscles, fat, and liver to respond well to insulin 

thus preventing the take up of glucose from the blood. As a result, more insulin is produced in 

β-cells of the pancreas to prevent an increase in glucose levels. When the compensation 

mechanism reaches its peak, it results in diabetes mellitus. It is often associated with metabolic 

syndrome (7), which includes abdominal obesity, high triglycerides and low HDL cholesterol, 

elevated blood pressure, and elevated fasting plasma glucose (17).  

 

Diagnostic Criteria of Diabetes Mellitus  

The diagnosis of DM is based on the glucose level or the HbA1c level in the venous plasma 

(7). According to the American Diabetes Association diabetes can be defined according to the 

blood glucose and HbA1c levels as stated in Table 1.  

 

Table 1: Diagnosis of Diabetes Mellitus  

Measured variable venous plasma glucose  

Random plasma glucose value ≥ 200 mg/dL (≥ 11.1 mmol/l) 

Fasting plasma glucose ≥ 126 mg/dL (7.0 mmol/l) (fasting time 8–12 h) 

OGTT 2h value in venous plasma ≥ 200 mg/dL (≥ 11.1 mmol/l)  

Measured variable HbA1c: 

HbA1c ≥ 6.5 % (≥ 48 mmol/mol Hb) 

Diagnosis of diabetes mellitus using venous plasma glucose and HbA1c levels - modified by ADA (18)  

 

Risk Factors of Diabetes Mellitus 

There are many factors that contribute to the development of T1D and T2D. Although the 

pathophysiology of diabetes mellitus has not been completely elucidated so far, it has been 

suggested that the disease has a major genetic component representing one of the non-

modifiable factors (16). T1D is an autoimmune disorder strongly influenced by genetic factors. 

Individuals with a first-degree relative with T1D have a 1 in 20 lifetime risk of developing 
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T1D, compared to a 1 in 300 lifetime risk for the general population (19). Furthermore, T1D 

is the major type of diabetes in youth when the incidence rate increases from birth and peaks 

between the ages of 10-14 years during puberty and appears to stabilise in young adulthood 

(19). The incidence of T1D is increasing at an annual rate of 3-5%, implying that 

environmental exposure has changed over the last 60 years, either through the gradual 

introduction of a susceptibility factor or the removal of a protective factor (20). Outbreaks and 

seasonality of T1D may indicate an infectious cause, possibly related to increased sanitation 

and herd immunity loss (20). Environmental toxins and early childhood diet could also be risk 

factors (20).   

T2D can be caused by modifiable and non-modifiable factors. The incidence and prevalence 

of T2D are found to vary widely depending on ethnicity and geographical region. East Asians, 

Native Americans and Hispanics have the highest risk of developing T2D (16). The most 

important risk factor that influences the development of insulin resistance and disease 

progression is obesity (16, 21). At closer analysis, a high BMI appears to contribute less to an 

increased risk of diabetes mellitus than the presence of increased visceral obesity and ectopic 

fat like liver fat (22). A wide variety of lifestyle factors, which can be modified, are also of 

great importance to the development of T2D (23). These factors include physical inactivity, a 

sedentary lifestyle, smoking, alcohol consumption, and diet (21, 24). A low-fiber diet with a 

high glycemic index is positively associated with a higher risk of developing the disease (25). 

A high intake of animal fat might be associated with a higher risk of developing T2D rather 

than vegetable fat intake (26). The socioeconomic status has also an impact on the 

development of diabetes mellitus and more specifically an inverse association has been 

reported worldwide, after separate analyses of high-, middle- and low-income countries (22). 

Low levels of socioeconomic status were associated with a 40-60% higher relative risk 

compared to high levels (22). Moreover, findings of the English Longitudinal Study of Ageing 

showed that people of a lower life course socioeconomic status group experienced a more than 

doubled risk of diabetes (27).   

Although individual predisposition to diabetes mellitus due to non-modifiable risk factors has 

a strong genetic basis, evidence has been suggested that many cases could be prevented by 

changing the modifiable risk factors such as obesity, low physical activity, and an unhealthy 

diet (16, 24).  
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Symptoms and Complications of Diabetes Mellitus 

The signs and symptoms of diabetes mellitus are often disregarded due to the disease’s chronic 

course of progression. Considering the asymptomatic nature of diabetes in the early stages, it 

is essential to raise awareness of its warning signs (28). Classical symptoms include polyuria, 

polydipsia, and weight loss, as well as fatigue and confusion (28). In both types of diabetes, 

ketoacidosis leading to hyperosmolar coma is a potentially catastrophic emergency (29).  

Individuals with diabetes are more susceptible to short- and long-term complications, 

including macro- and microvascular diseases (21). CVD is a primary cause of mortality and 

morbidity due to oxidative stress that enhances atherogenesis and low-density-lipoprotein 

(LDL) oxidation. (21). Diabetic nephropathy is a microvascular complication, whose 

progression can be prevented if detected in an earlier phase (21). It is the major cause of end-

stage renal disease and its classical presentation is characterisied by hyperfiltration and 

albuminuria in the early stages, followed by a progressive decline in renal function (30). 

Another common complication is diabetes-related neuropathy, which is defined as loss of 

sensory function that begins distally in the lower extremities and is accompanied by pain and 

significant morbidity and it affects at least 50% of people with diabetes over time (31). It may 

be associated with sexual dysfunction, foot ulcers, amputations, as well as loss of protective 

sensation in the feet, which in turn leads to callous formation, ulceration, and gangrene (21). 

Diabetic retinopathy is the leading cause of vision loss in the elderly and is a common 

microvascular complication of diabetes (32). In the early stages of diabetic retinopathy, 

hyperglycemia and altered metabolic pathways cause oxidative stress and the development of 

neurodegeneration (32). Chronic hyperglycemia may cause microvascular damage to the 

retinal vessels, leading to edema and/or haemorrhage into the retina because of vascular 

permeability (21).  

Furthermore, epidemiologic evidence has demonstrated that diabetes may be linked to an 

increased risk of developing cancer, such as colorectal, liver, bladder, breast, and kidney 

cancer (21). The reason behind this association may be due to the mutual risk factors 

contributing to both diseases like age, obesity, sedentary lifestyle, smoking, and diet (21). 

Hyperglycemia might also promote carcinogenesis through increased proliferation of colonic 

tumors as well as increased IGF-1 levels that have mitogenic and antiapoptotic actions on 

cancer cells (21).  
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Treatment of Diabetes Mellitus  

Diabetes mellitus is a complex chronic disease and requires a multitude of interventions for 

successful management. The therapy depends on the type and severity of diabetes. Insulin 

therapy is necessary for T1D, as it is a disease primarily due to the absence of insulin (9). The 

first therapeutic use of insulin by Frederick Banting and Charles Best in 1921 was the 

revolution to the management of T1D, as it considerably changed the landscape of diabetes 

management (33). Insulin is the most effective anti-hyperglycemic agent (21). It provides 

effective glycemic control even when oral medication is inadequate (21). Its main mechanism 

is the suppression of hepatic glucose production, increasing postprandial glucose utilisation 

(21). It also improves insulin sensitivity and β-cell secretory function by the reduction of 

hyperglycemia. It can also suppress ketosis thus delaying diabetes complications (21).  

For T2D on the other hand, there are conservative approaches, which are ineffective for T1D. 

These include a healthy diet and physical activity, as well as smoking cessation (9), which can 

be adequate treatments, especially in the initial stages. Therefore, patient awareness and 

education play a crucial role in successful disease prevention and management. When 

conservative measures are not adequate to control glucose levels, oral medication targeting 

insulin sensitivity or an increase in insulin secretion by the pancreas can be used as 

monotherapy or as a combination (34). The specific subclasses include biguanides, 

sulfonylureas, thiazolidinediones, α-glucosidase inhibitors, GLP-1 receptor agonists (GLP-1-

RA), DPP-4 inhibitors, and SGLT-2 inhibitors (34). In advanced stages of the disease, insulin 

may also be necessary if glucose management is inadequate using oral medication (34).  

Biguanides like metformin are one of the major classes of glucose-lowering drugs (21). 

Metformin belongs to the first-line therapy for diabetes mellitus (21). It has been proven 

efficient in lowering blood glucose, increasing insulin sensitivity, and reducing cardiovascular 

and hypoglycaemia risk (21), which improves macrovascular outcomes and reduces mortality 

rates in T2D (21) by 25% (35).  

Sulfonylureas are second-line agents that stimulate insulin secretion, but they are dependent 

on the presence of enough β-cells with sufficient functional reserve (21). Glimepride, for 

example, was associated with a 23% lower risk of all-cause mortality and 17% reduction in 

cardiovascular death (36). One major adverse reaction is the higher rate of hypoglycaemia, 

especially in older adults (21).  

Incretin-based therapies stimulate insulin secretion and suppress postprandial glucagon 

secretion (21). GLP-1-RA stimulate insulin production, inhibit glucagon release, and slow 
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nutrient absorption, increasing satiety (21). The use of GLP-1-RA was associated with a 12% 

reduction in the risk of cardiovascular mortality and 11% for all-cause mortality (36). DPP-4 

inhibitors can improve the action of endogenous active GLP-1 by blocking its degradation by 

the DPP-4 enzyme. They protect pancreatic β-cells and promote normal glucagon secretion, 

hence slowing down the progression of diabetes mellitus (21). DPP-4 inhibitors are a relatively 

new class of drugs used to treat diabetes. Though many short-term studies have been 

encouraging, ongoing long-term clinical trials on humans are needed to provide further clarity 

to the complete safety profiles of these agents in terms of cardiovascular risk, and whether 

they may exert potential cardiovascular benefit (37) by reducing the cardiovascular mortality 

by 33% (38).  

Thiazolidinediones are a class of insulin sensitisers, which control normal skeletal muscle and 

hepatic insulin sensitivity (21). They have a more durable action to regulate high glucose levels 

than sulfonylureas and metformin, and the risk of hypoglycemia is not increased as a 

monotherapy. In the UK Research General Practice Dababase it was demonstrated that 

pioglitazone was associated with a 39% decrease in the risk of all-cause mortality (39). 

According to another meta-analysis, the cardiovascular events in patients with diabetes were 

also reduced by 17% under medication with pioglitazone (40). They often cause fluid 

retention, therefore its use should be avoided in older patients with congestive or class III-IV 

heart failure (21).  

Alpha-glucosidase inhibitors decrease carbohydrate absorption and improve glucose tolerance 

(21). According to a Cochrane meta-analysis, it was observed that α-glucosidase inhibitors 

reduced the HbA1c by 0.8% (41). The risk of CVD such as acute myocardial infarction is also 

reduced by 49% (41). However, their use should be avoided in patients with renal impairment 

(21).  

SGLT-2 inhibitors are a new class of glucose-lowering agents that prevent renal-filtered 

glucose reabsorption back into circulation. As a result, urinary glucose elimination increases 

and blood glucose levels decrease (21). SGLT-2 inhibitors reduce HbA1c by 0.5-0.7% as well 

as the cardiovascular mortality by 14% (41). Adverse effects observed under this medication 

included genital infections and the occurrence of breast and bladder cancer (21). 

The long-term treatment of diabetes has therefore the goal to prevent microangiopathic 

complications like retinopathy, nephropathy, neuropathy, and macroangiopathic 

complications such as myocardial infarction and stroke. If lifestyle changes do not yield 

improvement, drug treatment is initiated to reach the HbA1c target range of 6.5-7.5% (34). 
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Treatment targets can be less stringent in old age. Although there are many treatment options, 

individualised long-term treatment still presents a challenge (34). Part of the treatment is also 

the improvement of the patient’s competence to deal with diabetes and the promotion of 

patient adherence to prevent hypoglycemia and weight gain (34). 

 

Coronavirus – COVID-19 

Epidemiology  

The World Health Organisation (WHO) issued a pandemic alert precipitated by the rapid 

evolution of coronavirus disease-2019 (COVID-19) induced by the severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2), after a cluster of pneumonia cases originated in 

Wuhan City, China in 2019. Given the rapid escalation of COVID-19 cases and its substantial 

effects on mortality, the healthcare infrastructure has been overwhelmed on a global basis. As 

it is suggested by WHO (2), more than 774 million cases of SARS-CoV-2 infections and more 

than 7 million deaths have been reported worldwide until January 2024. Consequently, the 

global economies have been strained to contain the outbreak, identify patients who are 

vulnerable to COVID-19 infection, and prevent the downgrade of economic growth.  

 

Definition, Pathomechanism and Transmission of COVID-19 

In December 2019, a cluster of pneumonia cases of unknown origin was reported in Wuhan, 

Hubei province in China (42). The novel strain of coronavirus belonged to the same family of 

viruses that caused severe acute respiratory syndrome (SARS) and Middle East respiratory 

syndrome (MERS) (42). The WHO declared on March 11, 2020, the novel coronavirus 

(COVID-19) outbreak a global pandemic (42). Coronavirus disease is an infectious disease 

caused by the SARS-CoV-2 virus (43).  

SARS-CoV-2 is an enveloped, positive-sense, single-stranded RNA virus of the genus 

Betacoronavirus with a crown-like appearance as seen under an electron microscope 

(corona is the Latin term for crown) because of the presence of spike glycoproteins on the 

envelope (44). It relies on its obligate receptor, angiotensin-converting enzyme 2 (ACE2) to 

enter cells (45). This receptor is known to be the causative agent of mild upper respiratory 

tract infections. The membrane structural proteins of the virus consist of the S (spike) protein 

that serves to bind to the host cell, the E (envelope) protein that is essential for the assembly 

of viral particles, and the M (matrix) protein that serves to provide structure and plays a role 
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in the assembly of viral particles as well (45). Non-membrane structural protein is the N 

(nucleocapsid) protein which forms the nucleocapsid together with the genome (45). After 

binding to ACE2, the cellular transmembrane protease serine 2 (TMPRSS2) mediates the S 

protein priming enabling the virus to enter the host cells (45). As soon as coronavirus enters 

the cell after binding through the spike proteins on ACE2 receptors, the reproduction cycle 

starts (46). This includes the uncoating of the virus and the release of its nucleic acid from the 

endosome into the cytoplasm, followed by the translation, replication, and transcription of the 

viral genetic material (46). After the assembly of the individual virus components, the newly 

formed viruses are released to infect further cells (46).  

There are two stages of immune response induced by the virus (47). The initial stage involves 

the specific adaptive immune response and the second stage the uncontrolled inflammation 

(47). During the early stages of incubation, the adaptive response prevents the progression of 

the disease and aims to eliminate the virus (47). When this procedure is ineffective, the virus 

propagates, destructing the affected tissues, followed by the development of more severe 

disease (47). An uncontrolled inflammatory response may lead to acute respiratory distress 

syndrome (ARDS) (48). The mechanism is based on the release of a cytokine storm which 

may promote apoptosis or necrosis of T cells leading to their depletion (48). The severity of 

the disease can also be seen in the increased plasma levels of cytokines like IL-6, TNF, and 

IL-10, along with lower numbers of circulating CD4+ and CD8+ T cells (49). Due to ARDS, 

T-cell exhaustion impairs viral clearance (50).  

COVID-19 has been rapidly expanding across the world with each country developing 

epidemiologic patterns in terms of frequency, hospitalisation, and death (51). The main route 

of transmission for SARS-CoV-2 is respiratory ingestion of virus-containing particles 

produced for example by breathing, coughing, talking, and sneezing (52). Transmission 

through contaminated surfaces cannot be ruled out, since replicable SARS-CoV-2 viruses can 

remain infectious on surfaces for some time under laboratory conditions (53). Furthermore, 

conjunctive as well as transmission through food and vertical transmission from mother to 

child could be gateways for infection (52).  
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Diagnosis of COVID-19 

If infection with the SARS-CoV-2 coronavirus is suspected, samples should be taken from the 

upper respiratory tract, and if clinically indicated from the deep respiratory tract (52). The 

different sample types can be seen in Table 2.  

 

Table 2: Sample Types of Infectious Material for COVID-19 Diagnosis  

Upper respiratory tract Nasopharyngeal swab, oropharyngeal swab 

Deep airways Sputum, tracheal secretion 

Alternative method Mouth/throat and nasal vestibule swab 

Diagnosis of COVID-19 using samples of infectious material of the respiratory tract (52)  

 

PCR detection systems have been developed and validated for laboratory diagnostic testing to 

clarify suspected infection with SARS-CoV-2. They are considered the gold standard for 

diagnostics (52). It detects the virus directly and testing is indicated when there is a clinical 

suspicion consistent with SARS-CoV-2 infection based on history, symptoms, or findings. 

The threshold value of 106 copies/mL is based on the current state of research (52). 

Accordingly, it is not a clear threshold value but only an orientation value that must be 

considered in the context of clinical and temporal parameters (52).  

In this context, the use of cycle threshold (Ct) values is employed for the diagnosis or 

prediction of SARS-CoV-2 infection (54). This approach holds considerable clinical 

importance since Ct values can be associated with the viral load, as they indicate how many 

amplification cycles are required for the target gene to reach a threshold level (54, 55). 

Consequently, comprehending the interpretation of Ct values and other influential factors 

becomes pivotal in understanding both the viral load and the severity of the disease (54). The 

relationship between the SARS-CoV-2 viral load and Ct values is inversely proportional, 

meaning that a lower Ct value is indicative of a higher viral load (54). This correlation suggests 

increased infectiousness associated with a higher viral load, as a low Ct indicates a higher 

concentration of genetic material, commonly associated with an increased risk of infection 

(54). Ct values between 17-24 are associated with higher viral load, whilst values between 24-

35 are related to moderate viral load (54).  

Antigen (Rapid) test formats are also available and they are based on the detection of viral 

protein in respiratory sample materials (52). In principle, the sensitivity of antigen tests is 
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lower in the early phase of infection than in the late phase (52). The analytical sensitivity of 

antigen tests is below the sensitivity of PCR (52). According to the Cochrane Dababase, 

antigen tests have an average sensitivity of 56.2% and specificity of 99.5%, whereas PCR 

achieves 95.2% and 98.9% respectively (56). For the detection of acute SARS-CoV-2 

infection in symptomatic individuals, the WHO formulates a minimum detection limit for 

antigen tests equivalent to 106 (acceptable) or better 104 (desirable) genome copies/mL (52). 

A positive antigen test result raises the suspicion of a transmission-relevant SARS-CoV-2 

infection and requires a follow-up test by PCR to avoid false-positive results (52). Positive 

rapid test results in low prevalence areas require confirmation testing to avoid unnecessary 

quarantine measures (PPVs of 85% to 90% for antigen assays mean that between 1 in 10 and 

1 in 7 positive results will be falsely positive). PPV refers to the percentage of people with real 

infection given that the test is positive (56). When the prevalence is higher (i.e. 20% or higher), 

false positives are less of a concern (PPVs range from 96% to 100%), but the impact of false 

negative results becomes more significant, and all test negatives may be considered for 

verification (56). Between 1 in 4 and 1 in 8 cases with negative rapid test results are SARS-

CoV-2 missed cases (24 to 50 cases missed out of a total of 200 cases) (56). Negative 

predictive value (NPV) refers to the percentage of people with no real infection when they had 

a negative test result. The lower the NPV, the greater the potential impact on infection 

transmission from missed cases and the greater the impact of contact tracing delays (56). A 

negative result in the antigen test does not exclude infection, especially in the early (pre-

symptomatic) phase (52).  PCR tests should be used primarily in the clinical diagnostic context 

and negative antigen test results should be verified by PCR testing if a SARS-CoV-2 infection 

is still suspected (52). 

Previous infections with SARS-CoV-2 can be indirectly detected using antibody detection 

(52). This method is suitable for the investigation of infection epidemiological questions. 

Various test formats like ELISA are available for the detection of a previous SARS-CoV-2 

infection by means of antibody detection, with which IgM, IgA, IgG or total antibodies can be 

detected (52). Seroconversion occurs in the majority of patients in the second week after 

symptom onset (57). Therefore, due to low seroconversion rates in the early phase (week 1 to 

2 after symptom onset) of infection, they are not recommended for acute diagnosis. The 

detection of SARS-CoV-2-specific antibodies indicates a previously experienced or still-

existing SARS-CoV-2 infection (52). 
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Even though there was a positive correlation between SARS-CoV-2 viral load and its 

transmissibility (58),  viral load alone is not sufficient to assess the contagiousness of a patient 

(52). This is influenced by other factors, such as the time since the onset of symptoms, the 

clinical course, and behavioural patterns of the infected person (52). The extent to which an 

infected person passes the virus on to others depends on the duration and type of contact, as 

well as on external circumstances such as room ventilation, air humidity, and air temperature 

as well as the susceptibility of the contact persons (52, 59).  

 

Risk Factors of COVID-19 

There are many predisposing previous diseases that make the risk assessment of COVID-19 

infection complex. Severe courses of the disease can even occur in individuals without any 

comorbidity (48) and in younger patients (60). However, some factors predispose to a more 

severe course of COVID-19 infection. In the general population, it could be observed that the 

risk of a severe COVID-19 infection is steadily increasing from 50 years of age (52). Male sex 

(61), smoking (62), obesity (63) as well as pregnancy (64) were also associated with a more 

severe course of the disease. People with pre-existing conditions also had an increased risk of 

developing a more severe course of COVID-19 infection. These included CVD, chronic 

obstructive pulmonary disease (COPD), liver diseases and chronic kidney disease (CKD), 

neurological and psychiatric diseases (e.g. dementia), diabetes mellitus, cancer and weak 

immune system (63).  

 

Symptoms and Complications of COVID-19 

Men and women are equally affected by SARS-CoV-2 infection, however men develop more 

frequently a severe course of the disease and die twice as often compared to women (61). 

Presentation of symptoms for COVID-19 infection can be developed within 2-14 days after 

exposure (45). Approximately 80% of patients present with mild infection and can recover 

spontaneously, while 20% of patients develop severe disease and 6% become critically ill (65). 

COVID-19 can manifest itself not only in the lungs but also in other organ systems, depending 

on the density of ACE-2 receptors in the tissues (66). This receptor will in turn allow the 

entrance of the virus into the cells (66). It has also been observed, that besides cytopathic 

effects, the virus can cause excessive immune reactions and circulatory disorders due to 

hypercoagulability (66).  
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The most common manifestation of the virus is the infection of the respiratory system (67). 

The most frequently recorded symptoms in the German reporting system manifest as an upper 

respiratory tract infection with cough, fever, loss of smell and taste, and rhinitis (52).  

Neurological symptoms include headaches, olfactory and gustatory disturbances, dizziness, 

confusion, and other impairments (68). COVID-19 infection may also be associated with 

gastrointestinal symptoms like nausea, loss of appetite, vomiting, abdominal pain, and 

diarrhea (69).  

The course of the disease varies greatly in symptoms and severity, from asymptomatic 

infections to severe pneumonia with lung failure and death (52). This is suspected by the 

presence of decreased oxygen saturation, lymphopenia, and increased inflammation markers 

such as C-reactive protein (CRP), D-dimer, and ferritin (70). Pneumonia may develop, usually 

in the second week, which may progress to ARDS (67). This condition requires ventilation, 

and the oxygenation of the blood outside the body (67).  

Some cases demonstrated cardiac involvement with elevated cardiac enzymes and troponin 

after infection with SARS-CoV-2 (71). A number of patients with a more severe course of the 

disease experienced CVD, including myocardial damage, myocarditis, acute myocardial 

infarction, heart failure, and venous thromboembolic events (71). Due to increased blood 

coagulation, there has been observed an association with an increased risk of 

thromboembolism in the lower extremities, pulmonary artery, and cerebrovascular embolism 

(72). In severely ill patients requiring ventilation, acute renal failure, which may require 

dialysis, has been observed (73). Some patients could also develop a hyperinflammatory 

syndrome 8-15 days after the onset of the disease, which can result in multi-organ failure and 

lead to death (52).  

Intensive research is currently ongoing regarding the possible long-term health consequences 

(Post-COVID-19 syndrome) induced by SARS-CoV-2 infection. So far, the underlying 

mechanisms are not clear yet. Frequently reported symptoms include fatigue, exhaustion, 

shortness of breath, memory and concentration problems, muscle weakness and pain, sleep 

disturbances, anxiety, and depressive symptoms. Lung function deterioration, as well as 

impairments of liver and kidney function and the new occurrence of diabetes mellitus, are also 

observed (74, 75).  
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Treatment of COVID-19  

The pathogenesis of COVID-19 is thought to be driven by two main processes (76). Earlier 

stages of the disease are primarily characterised by the replications of SARS-CoV-2 (76). 

Later in the clinical course, the immune response to SARS-CoV-2 seems to be deregulated 

which leads to tissue damage (76). Based on this scientific background, therapies directly 

targeting SARS-CoV-2 are applied in the early stages of infection in order to anticipate 

systematic inflammation, whilst immunosuppressive/anti-inflammatory therapies are likely to 

be more successful in the later stages of COVID-19 (77).  

The therapy differs in patients who do not require hospitalisation or supplemental oxygen to 

those requiring hospital care (76). A meta-analysis reported an estimation of 20% of 

individuals with COVID-19 infection remained asymptomatic (78). Approximately 80% of 

patients with COVID-19 have mild to moderate symptoms that do not require medical 

intervention or hospitalisation (76). Those patients with mild symptoms are managed in an 

ambulatory care setting or at home (79). One of the main targets of supportive care when 

managing outpatients with COVID-19 is to reduce the risk of SARS-CoV-2 transmission and 

advise patients on when to seek an in-person evaluation (76). Proper nutrition and symptom 

management are important at this stage of the disease (76). Symptom management can be 

achieved using antipyretics, analgesics, or antitussives for fever, headache, myalgias, and 

cough (80). The avoidance of dehydration through regular intake of fluids is also important 

(76). Patients who are at high risk of progression to severe COVID-19 infection can be 

candidates for oral medication (77). Preferred therapies for the ambulatory control of the 

infection include antiviral medication like Ritonavir-boosted Nirmatrelvir, Remdesivir or 

Molnupiravir (77).  

On the other hand, hospitalised patients receive the appropriate therapy according to the 

severity of the disease. For those patients who do not require oxygen supplementation, it is not 

recommended to receive dexamethasone or other systemic corticosteroids for the treatment of 

COVID-19 (80). Patients who are prone to a more severe course of the disease receive the 

antiviral drug Remdesivir (76). Hospitalised patients under conventional oxygen therapy 

receive the antiviral drug Remdesivir and most of them also receive dexamethasone. In case 

of rapid systemic inflammation, the therapy can be escalated using monoclonal antibodies like 

Baricitinib or Tocilizumab (76). The combination of all these medications, along with 

anticoagulant therapy to prevent any thrombosis complication, unless contraindicated, 

provides effective therapeutic management of COVID-19 infection (81).  
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Associations between Diabetes Mellitus and COVID-19  

 Most of the investigations regarding diabetes and COVID-19 explored in the literature are 

still contradictory, involve imprecise estimations, or are influenced by biased risk factors such 

as confounding. Further research into the diabetes-COVID-19 interaction is required to gain a 

thorough understanding of the phenotypes of diabetes in people with COVID-19 infection that 

led to a severe course of the disease or death. This could potentially elucidate treatment 

strategies that will in turn facilitate clinical practice and the crucial task of defining vulnerable 

groups. A summary of the findings, the calculation of more robust estimations, the 

consideration of the risk of bias, and the evaluation of the certainty of evidence should be 

explored in a systematic review and meta-analysis. Accordingly, this could provide the best 

available evidence for the identification of risk phenotypes of diabetes in association with 

COVID-19-related severity and death. As worldwide efforts to both mitigate the spread and 

treat COVID-19 are urgent, the scope of our work was to conduct and update our recent 

systematic review and meta-analysis among patients with co-occurring diabetes and COVID-

19 to document death and severity rate (1). The early presumption and identification of risk 

phenotypes in individuals with diabetes with confirmed COVID-19 infection will be helpful 

to anticipate the imminent escalation in cases, adopting the appropriate supportive care and 

thereby reducing COVID-19-related death and severity.  

 

Aim of Thesis  

Evidence from a previously published meta-analyses from researchers of the German Diabetes 

Center elucidated that some phenotypes contribute to a more severe COVID-19 infection and 

COVID-19-related death. Of these phenotypes, male sex, older age (≥65 years), pre-existing 

CVD, CKD and COPD, diabetes treatment (insulin use and inverse association for metformin 

use) as well as high blood glucose at admission were associated with moderate to high 

certainty of evidence with a more severe COVID-19 infection course (1).  

However, since the first publication of this meta-analysis numerous studies on this topic have 

been published, and thus, the aim of this thesis was to update the first systematic review and 

meta-analysis to enhance the level of certainty between risk phenotypes of people with 

diabetes and SARS-COVID-19 infection which led to severe COVID-19 infection and death.  
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Chapter 2 - Material and Methods  

The protocol for this work was registered with PROSPERO (registration ID 

CRD42020193692) and the systematic literature review was conducted according to the 

PRISMA 2020 guideline (82). The results of this study were not published in this form but 

used as a basis for the next update of our systematic review (83). 

 

Search Strategy and Databases 

As COVID-19 has grown in importance around the world, new evidence is constantly 

becoming available, providing us with data regularly to update our living review. The literature 

search was conducted from the beginning of the pandemic up to 10 May 2021. The studies 

explored were extracted from PubMed, Epistemonikos, Web of Science, and the WHO 

COVID-19 Research Database. The predefined search terms are shown in Table 3. 
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Key words used in the search strategy of eligible studies - modified by Schlesinger et al (1)  

 

Through continuous search in PubMed using the email alert service based on our above-

mentioned search terms, we identified studies published after the last update. Our most recent 

publication was on 28 April 2021 (1) for which the literature was updated until 10 October 

2020. We did not use any limitations or filters. The studies were screened by the doctoral 

student and at least one other researcher independently, and discrepancies were resolved by 

discussion or by consulting a third researcher. All titles and abstracts were screened for 

Table 3: Search Strategy  

PubMed  

#1  diabetes mellitus[MeSH Terms]) OR diabetes OR diabetic* 

#2  covid19 OR covid-19 OR covid OR corona OR new-corona OR novel-

corona OR coronavir* OR SARS-CoV-2 OR nCoV OR 2019-nCoV 

#3 Combine: #1 AND #2  

Epistemonikos 

#1  advanced_title_en:(diabetes mellitus OR diabetes OR diabetic*) 

OR advanced_abstract_en:(diabetes mellitus OR diabetes OR 

diabetic*) 

#2  advanced_title_en:(covid19 OR covid-19 OR covid OR corona OR 

new-corona OR novel-corona OR coronavir* OR SARS-CoV-2 OR 

nCoV OR 2019-nCoV) OR advanced_abstract_en:(covid19 OR 

covid-19 OR covid OR corona OR new-corona OR novel-corona OR 

coronavir* OR SARS-CoV-2 OR nCoV OR 2019-nCoV) 

#3 Combine: #1 AND #2 

Web of Science 

#1  TOPIC: (diabetes mellitus  OR diabetes  OR diabetic*)  

#2  TOPIC: (covid19  OR covid-19  OR covid  OR corona  OR new-corona  

OR novel-corona  OR coronavir*  OR SARS-CoV-2  OR nCoV  OR 

2019-nCoV) 

#3 Combine: #1 AND #2 

COVID-19 Research Database 

#1  (tw:(diabetes mellitus OR diabetes OR diabetic*))  

#2  (tw:(covid19 OR covid-19 OR covid OR corona OR new-corona OR 

novel-corona OR coronavir* OR SARS-CoV-2 OR nCoV OR 2019-

nCoV)) 

#3 Combine: #1 AND #2 
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eligibility using the predefined inclusion and exclusion criteria, followed by the assessment of 

potentially relevant full texts. Reference lists from included studies and relevant systematic 

reviews on this topic were screened for additional studies.  

The eligibility criteria are shown in Table 4. Studies of any design that reported risk estimates 

(HR, RR or OR with 95% Cl) for relationships between diabetes phenotypes with death, and 

severity of COVID-19 in diabetes patients with confirmed COVID-19 infection as defined by 

WHO (43) were included (Table 4). COVID-19-related severity was defined as a composite 

endpoint, consisting of death, ARDS, intensive care unit (ICU) admission, endotracheal 

intubation for mechanical ventilation, septic shock, multiple organ dysfunction or failure, or 

hospitalisation. The phenotypes include individual characteristics, diabetes-specific 

characteristics, underlying comorbidities or complications related to diabetes, as well as 

laboratory parameters as seen in Table 5.  

Studies not containing primary clinical data (including modelling studies), letters, reviews, 

editorials, commentaries, guidelines, and articles not in English, which could not be translated, 

were excluded as mentioned in Table 4. If multiple studies of the same cohort/data set were 

found, we chose the one with the larger number of cases or/and best adjustment for 

confounders. Studies with mixed populations (including people without diabetes or without 

COVID-19) were not included. To avoid the exclusion of a study due to missing data, we 

successfully contacted the authors of four studies and for some studies, we obtained missing 

data or corrections for implausible data (84-87).  



19 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Inclusion and Exclusion Criteria by the PICOS Statement  

 Inclusion criteria Exclusion criteria 

P 

(Population) 

Individuals with diabetes and COVID-19 infection  Individuals without diabetes and/or without COVID-19 

infection  

I  

(Intervention/

exposure) 

Exposed to any phenotypes; age, sex, BMI, smoking 

status, ethnicity, type of diabetes, duration of diabetes, 

glycaemic control, diabetes treatment, blood pressure/ 

hypertension, inflammatory biomarkers, liver 

enzymes, specific laboratory markers, macrovascular 

diseases (CVD, stroke etc.), microvascular diseases 

(nephropathy, neuropathy, retinopathy), respiratory 

diseases, cancer, immunosuppressive conditions, 

COVID-19 infection  

COVID-19 treatment 

C 

(comparison) 

Not exposed to the phenotypes; age, sex, BMI, 

smoking status, ethnicity, type of diabetes, duration of 

diabetes, glycaemic control, diabetes treatment, blood 

pressure/ hypertension, inflammatory biomarkers, 

liver enzymes, specific laboratory markers, 

macrovascular diseases (CVD, stroke etc.), 
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           Search method using PICOS statement to identify inclusion and exclusion criteria of studies (own work)

microvascular diseases (nephropathy, neuropathy, 

retinopathy), respiratory diseases, cancer, 

immunosuppressive conditions, COVID-19 infection  

O (outcome) COVID-19-related death and COVID-19-severity  No references to relevant COVID-19 outcomes  

S  (study 

design) 

Observational studies and randomised controlled trials Studies not containing primary clinical data (including 

modelling studies), letters, reviews, editorials, commentaries, 

guidelines, articles not in English, which could not be 

translated, studies with mixed populations (including people 

without diabetes or without COVID-19) 
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Table 5: Extracted Data from Included Studies  

Categories  Description 

Information of included publications  The first author’s last name  

 Date of publication  

 Study design  

 Geographic area 

 Number of participants 

 Number of cases 

Patients’ characteristics  Age  

 Sex 

 BMI  

 Smoking status 

 Ethnicity 

Diabetes-specific characteristics  Type of diabetes 

 Duration of diabetes 

 Glycaemic control 

 Diabetes treatment 

Metabolic parameters  Blood pressure/ hypertension  

 Inflammatory biomarkers 

 Liver enzymes 

 Specific laboratory markers  

Diabetes-related complications  Macrovascular diseases (CVD: 

coronary heart diseases and stroke 

etc.)  

 Microvascular diseases 

(nephropathy, neuropathy, 

retinopathy) 

Comorbidities  Respiratory diseases 
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 Cancer 

 Immunosuppressive conditions 

Outcome  Definition of outcome 

 Outcome assessment  

Findings   Crude risk estimates and 95% CIs 

 If available multivariable-adjusted 

risk estimates with 95% CIs   

 Confounders 

Relevant data extracted from eligible studies - modified by Schlesinger et al (1) 

 

Data Extraction and Risk of Bias Assessment  

Relevant data were extracted by the doctoral student and controlled by another researcher 

using a pre-piloted form. Through discussion between the two researchers, and if necessary 

with a third researcher, discrepancies were resolved. The extracted data of interest are listed 

in Table 5.  

The risk of bias (RoB) in the included studies was independently assessed by the doctoral 

student and two other researchers in pairs of two using the validated Cochrane tool, Quality in 

Prognosis Studies (QUIPS) (88). Any discrepancies were solved by discussion. The domains 

included in the QUIPS tool are as follows: study participation, prognostic factor 

measurements, study attrition, outcome measurements, study confounding, and statistical 

analysis as shown in Table 6.  

Study participation refers to the adequate participation in the study by eligible people with 

confirmed COVID-19 and diagnosed diabetes mellitus. References are also made to the source 

of population indicating for example the region or the setting and the time period and place of 

recruitment, as well as to the baseline characteristics of the study sample and selection criteria. 

Study attrition refers to the adequate response rate for study participants during follow-ups, 

information about the participants who dropped out, and the reasons for loss to follow-up. The 

prognostic factor measurement domain includes the phenotypes explored in the study, the 

methods of phenotype assessment and if it is consistent for all study participants, as well as 

the report of continuous variables. Outcome measurement refers to the outcome definitions, 

as well as methods, and consistency of outcome measurements. Study confounding refers to 

all important confounders which should include age, sex, BMI/overweight/obesity, and at least 



 
 

23 
 

one comorbid condition, provided with their definitions and their valid and reliable 

measurement. Minimally adjusted models should take into consideration the important 

confounders. The statistical analysis domain consists of the sufficient presentation of data to 

assess the adequacy of the analysis, as well as an adequate statistical model such as 

multivariable logistic regression or Cox proportional hazard model (Table 6).  

 

Table 6: Brief Description of QUIPS Tool Domains  

QUIPS 

Domains  Description  

Study participation  Eligible people with confirmed COVID-19 and 

diabetes, region, setting, time period, place of 

recruitment, baseline characteristics and 

selection criteria  

Study attrition Reponse rate during follow-ups, reasons for 

loss to follow-up, information about the 

participants who dropped out  

Prognostic factor measurements Phenotypes explored, methods of phenotype 

assessment and consistency to all participants 

Outcome measurements Definitions, methods and consistency of 

outcome assessment  

Study confounding  Defintions of all important confounders (age, 

sex, BMI/overweight/obesity and at least one 

comorbid condition), and valid and reliable 

measurement 

Statistical analysis Sufficient presentation of data to assess the 

adequacy of the analysis, adequate statistical 

model such as multivariable logistic regression 

or cox proportional hazard model 

Short version of QUIPS Tool with a brief description of each domain – modified by Schlesinger et al (1). QUIPS, 
Quality In Prognosis Studies 

 

Each domain was rated as low, moderate, or high risk of bias, or - if not applicable - no 

information, when not enough information was available. Determining the overall risk of bias 

in each study, we put special emphasis on the domains comprising study confounding, 

statistical analysis/reporting and study participation. We defined low risk of bias as the 
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statistical analysis including a minimal adjustment set (including age, sex, BMI, and at least 

one comorbid condition), moderate if one of the aforementioned confounders was missing, 

and high if more than one of the aforementioned confounders was missing and/or univariate 

analyses were performed. Studies were rated as high risk of bias if one of these domains was 

rated as high risk of bias. Studies were rated as low risk of bias, if all domains were rated as 

low risk of bias, or if confounding and statistical analysis/reporting were low risk of bias, and 

none of the other domains were rated as high risk of bias. In other cases, studies were rated as 

moderate risk of bias.  

 

Certainty of Evidence  

The certainty of evidence is defined as the "amount of confidence that a risk estimate of an 

association is correct or adequate to support a specific decision or recommendation". Two 

investigators assessed the certainty of the evidence of the associations using the Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) (89). The domains 

included in the GRADE tool are study design, risk of bias, inconsistency, indirectness, 

imprecision, publication bias, the magnitude of effects, dose–response relations, and the 

impact of residual confounding.  

The certainty of evidence can be rated down by risk of bias, imprecision, inconsistency, 

indirectness, and publication bias. Risk of bias occurs when the results do not represent the 

true values due to limitations in the study design (90). Study limitations in observational 

studies are for example the failure to develop and apply appropriate eligibility criteria, flawed 

measurement of both exposure and outcome, and incomplete follow-up (91). The failure to 

adequately control confounding is another important factor that enhances the risk of bias and 

refers to the failure of accurate measurement of all known prognostic factors and failure to 

match for prognostic factors as well as the lack of adjustment in statistical analysis (91). 

Inconsistency refers to the heterogeneity between the studies. Authors may choose to rate 

down for inconsistency when the point estimates point to different directions and/or the 95% 

CIs of the different studies do not overlap (90). Criteria for evaluating inconsistency include 

similarity of point estimates, the extent of overlap of confidence intervals, and statistical 

criteria including heterogeneity tests such as I2. The indirectness domain includes the 

interventions/exposures of interest in the population of interest. Evidence is most certain when 

studies directly compare these factors, hence certainty can be rated down if for example the 

population studied is different from those for whom the recommendation applies (90). 
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Publication bias is the domain that makes inferences about missing evidence (90). Even when 

individual studies were conducted with high-quality evidence such as randomised trials, 

publication bias can result in substantial overestimates of effect. Caution is warranted when 

the available evidence comes from a number of small studies, most of which have been 

commercially funded. Using the funnel plot, the pattern of data can be examined to identify 

publication bias (92). Imprecision focuses on the 95% CI around the best estimate of the 

relative effect (90). If a recommendation or clinical course of action would differ when 

comparing the upper versus the lower boundary of the Cl which represents the truth, then 

rating down for imprecision could be considered. At the same time even if Cls appear narrow, 

when the effects are large and both sample size as well as number of events are modest, then 

the imprecision rates down the certainty (93). 

The certainty of evidence can be rated up for large magnitude of effect, a dose-response 

gradient, and when residual confounding is taken into consideration (90). The presence of 

dose-response gradient increases our confidence in the findings of observational studies as it 

might indicate a cause-effect relationship between exposure and outcome (94). At the same 

time, with a sufficiently large effect on the outcome given a specific exposure one can 

reasonably deduce that we are confident that the association is close to the truth (94). Lastly, 

when confounders are considered when conducting a meta-analysis, which in fact 

underestimates the effect, then we can rate up the certainty of evidence (94). 

The certainty of evidence can be classified as high, moderate, low, or very low. Evidence with 

a high certainty means that the inclusion of future studies is very unlikely to change the effect 

estimate, whereas a very low certainty of evidence means that the inclusion of future studies 

is likely to change the results (95). Moderate certainty means that the true effect is likely to be 

close to the estimate of the effect, but there is a possibility that it is substantially different. The 

definition of GRADE tool also suggests that further research is likely to have an important 

impact on our confidence in the estimate of effect and therefore change the estimate (95). Low 

certainty of evidence refers to the case that our confidence in the effect estimate is limited 

which suggests that the true effect may be substantially different from the estimate of the 

effect. Hence, any further research is very likely to have an important impact on our confidence 

in the estimate of effect, therefore increasing the likelihood of changing the estimate (95). 

Very low certainty of evidence indicates a very uncertain effect estimate that the true effect is 

likely to be substantially different from the effect estimate (95). Details are listed in Table 7.  
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Definitions of certainty of evidence of the GRADE Tool – modified by Balshem et al (95). GRADE, Grading of 

Recommendations Assessment, Development and Evaluation 

 

Statistical Analysis 

After collecting data of interest from different studies, we conducted meta-analyses separately 

for COVID-19-related death and COVID-19-related severity. We combined the data collected 

in the first version with the findings of the updated version. Summary relative risk (SRR) and 

95% confidence intervals (Cl) were calculated by random-effects meta-analyses using the 

DerSimonian and Laird methods. Our analysis plan included the measurement of 

heterogeneity by calculating I². I² expresses the proportion of variability in a meta-analysis. 

Table 7: Certainty of Evidence Assessment using GRADE  

Quality level  Definition  Previous definition  

High  We are very confident that 

the true effect lies close to 

that of the estimate of the 

effect 

Further research is very unlikely to 

change our confidence in the estimate of 

effect 

Moderate We are moderately confident 

in the effect estimate: The 

true effect is likely to be 

close to the estimate of the 

effect, but there is a 

possibility that it is 

substantially different 

Further research is likely to have an 

important impact on our confidence in 

the estimate of effect and may change 

the estimate 

Low Our confidence in the effect 

estimate is limited: The true 

effect may be substantially 

different from the estimate 

of the effect 

Further research is very likely to have an 

important impact on our confidence in 

the estimate of effect and is likely to 

change the estimate 

Very low  We have very little 

confidence in the estimate of 

the effect. The true effect is 

likely to be substantially 

different from the estimate 

of the effect  

Any estimate of effect is very uncertain  
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Furthermore, the meta-analyses were stratified by risk of bias due to confounding (low or 

moderate risk vs high risk of bias). The assessment of publication bias was demonstrated by 

generating funnel plots and applying Egger’s test. For our statistical analysis, we use the Stata 

software version 15.1 
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Chapter 3 - Results and Evaluation 

Literature Search  

The databases used in our research provided in total 16,259 records. Duplicates were excluded 

and article titles and abstracts of 8,537 studies were screened. Out of these articles, 80 

publications were finally included in our work, of which 58 were new publications (6, 84-86, 

96-171) (Fig. 1).  

 

Literature Search  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Literature search flow chart - modified by Schlesinger et al (1) 
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Characteristics of Included Studies 

The studies included 85,771 people with diabetes and confirmed SARS-CoV-2 infection, with 

COVID-19-related death as the endpoint and 90,869 for COVID-19-related severity (Fig. 2). 

The smallest study included in our analysis consisted of 24 individuals, and the largest one 

had 33,492. Using the data from these individuals, 143 meta-analyses were conducted, 

compared to 77 meta-analyses in our first version, of which 68 had COVID-19-related death 

and 75 severity as the endpoint. The publications used in our study were mostly conducted 

(n=43) in Asia (China, n=19; South Korea, n=9; Iran, n=8; Turkey, n=2; Saudi Arabia, n=2; 

Israel, n=1; India, n=1; Singapore, n=1), whereas 19 studies were undertaken in Europe 

(France, n=9; UK, n=4; Italy, n=3; Spain, n=3; Belgium, n=1; Sweden, n=1; Romania, n=1) 

(Fig. 3). Further, 17 studies were included from North America (USA, n=14; Mexico, n=3) 

and one study was performed in an international setting. The data used in the majority of the 

studies were collected mainly in a hospital setting based on hospital records (n=66), while 

some studies were based on data from the registry or insurance (n=14). Regarding the type of 

diabetes, data from individuals only with T2D were used in 36 publications, 3 only with 

individuals with T1D, while 14 publications included individuals with both T1D and T2D. In 

27 studies, the types of diabetes that were included were not specified (Fig. 4). Further details 

regarding the characteristics of the studies are shown in Table 8.  
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Fig. 3: Number of studies from different countries (own work)  
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Fig. 4: Number of studies for each type of diabetes (own work)  

 

Risk of Bias of the Included Studies  

Using the QUIPS tool to assess the risk of bias in the studies that were included in our analyses, 

we concluded that n=17 studies had a low RoB, n=31 a moderate RoB, n=31 a high RoB, and 

n=1 had an unclear RoB, as shown in Fig. 5. The primary causes that led to a high RoB were 

an insufficient adjustment for confounding factors and/or inappropriate statistical analysis and 

reporting of the findings (Fig. 6). Studies that were rated as high risk of bias due to insufficient 

adjustment for confounding factors did not consider important confounders like age, sex, 

BMI/overweight/obesity, and at least on comorbid condition. Even though age and sex were 

considered in about 70 studies, the inclusion of all of the important confounders mentioned 

above was lacking. The estimates of these studies could therefore be overestimated. 

Appropriate statistical analyses include multivariable logistic regression or Cox proportional 

hazard model, as well as Weibull analysis. Most of the studies that performed with a low risk 

of bias conducted multivariable logistic regression, whereas the studies with a high risk of bias 

used univariate (unadjusted) methods or stepwise model selection, which were not adequate 

as a statistical model (172). Therefore, a multivariable regression allows us to have a different 

view of the relationship between the various variables and the outcome, hence comparisons 

can be more accurate.  
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Study Assessment for Risk of Bias Using QUIPS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Risk of bias of each study for each domain and overall - modified by Schlesinger et al (1) 
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Judgement Categories of Risk of Bias for Each QUIPS Domain 

 

Fig. 6: Overall risk of bias and risk of bias judgements for each domain - modified by Schlesinger et al (1)   
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Table 8: Characteristics of Included Studies  
Author, year Country, setting,  

time period  

Sex, mean age,  

type of diabetes  

Number of 

participants / 

number of 

cases 

Outcome Outcome 

assessment 

Relevant 

exposure  

Exposure 

assessment 

Considered 

important 

confounders  

Abe, 2020 

(84) 

USA, hospital-based 

 

 

m/w, 56 years, ND N=71/S: n=  52  Severe COVID 

(Composite 

ardiovascular 

complications)  

Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific factors  

Medical records  no 

Acharya, 2020 

(96) 

South Korea, 

hospital-based 

 

 

m/w,  69.8 years, 

T2D 

N=55/ D: n=11  Death Medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Laboratory 

markers 

Medical records no 

 

 

Agarwal, 2020 

(97) 

USA, hospital-based 

 

m/w, 67.9 years, 

T1D + T2D 

N=1279/ D: 

n=394  

Death Electronic 

health records 

Diabetes-

specific 

factors, 

Comorbidities 

Electronic health 

records 

yes 

Aghaaliakbari, 

2020 

(98) 

Iran, hospital-based m/w, 64.4 years, 

ND 

N=153/ D: n=40  Death  Medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Other 

medication use  

Medical records no 

Ahmed, 

2021 

(99) 

UK, hospital-based 

 

 

m/w, 76 years, 

T1D + T2D 

N=140/ D: n=42  Death  Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities 

Electronic medical 

records  

no   

Alrashed, 2021 

(101) 

Saudi Arabia, 

hospital-based 

m/w, 46.9 years 

(for the entire 

population, na for 

N=126/ S: n= 

103  

Severe COVID Electronic 

medical 

records  

Other 

medication use  

Electronic medical 

records  

partly 
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 participants with 

diabetes),  

ND 

Al Hayek, 2020 

(100) 

Saudi Arabia, 

Hospital-based 

 

 

m/w, 57.6 years, 

T2D 

N=806/ S: 

n=387  

Severe COVID 

(Hospitalisation)  

Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities 

 

Electronic medical 

records  

no 

 

Bello-Chavolla, 

2020 

(102) 

Mexico, National 

register data 

 

m/w, 57.2 years, 

ND 

N=9460 / D: 

n=2062  

Death Open source 

dataset of the 

General 

Directorate of 

Epidemiology 

of the 

Mexican 

Ministry of 

Health 

General 

Factors, 

Comorbidities 

Open-source dataset 

of the General 

Directorate of 

Epidemiology of the 

Mexican Ministry of 

Health 

 

yes  

Calapod, 2021 

(103) 

Romania, hospital-

based 

 

 

m/w, 66.3 years, 

T2D 

N=138/ S: n=88  Severe COVID  Medical 

records 

General 

Factors  

Medical records no 

Cao, 

2021 

(104) 

China, hospital-

based 

 

 

m/w, ND, ND N=231/ ND Severe COVID (severe 

pneumonia)  

Electronic 

medical 

records  

General 

Factors  

Electronic medical 

records  

yes   

Cariou, 2020 (a) 

(106) 

 

 

France,Hospital-

based 

 

 

m/w, 69.8 years, 

T1D + T2D 

N=1317/D: 

n=140, S: n=382  

Death, 

severe COVID (MV 

and/or death) 

Medical files General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities, 

Other 

medication 

use, 

Laboratory 

markers  

Medical files, if 

needed, general or 

specialist practitioner, 

regular pharmacist or 

biomedical laboratory 

partly  



 
 

37 
 

Cariou, 2020 (b) 

(173) 

France, hospital-

based 

 

m/w, 70.9 years, 

T2D 

N=2449/D: n= 

514  

Severe COVID (MV 

and/or death) 

Medical files Other 

medication use   

Medical files, if 

needed, general or 

specialist practitioner, 

regular pharmacist or 

biomedical laboratory 

yes 

Chen, 2020 (a) 

(174) 

China, hospital-

based 

 

 

m/w, 66.0 years, 

ND 

N=136/ D: n=  

26, S: n= 93  

Death, severe COVID 

(poor prognosis) 

Electronic 

medical 

records, CT, 

evaluation by 

experienced 

clinicians 

General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities, 

Other 

medication 

use, 

Laboratory 

markers 

Electronic medical 

records 

no 

Chen,  

2020 (b) 

(107) 

China, hospital-

based 

 

 

m/w, 63.4 years,  

T2D 

N=138 /D: n=49 

 

 

Death  Electronic 

medical 

records  

Comorbidities, 

Laboratory 

markers   

Electronic medical 

records  

partly 

Cheng, 

2020 

(109) 

China, hospital-

based 

 

m/w, 63 years, 

T2D 

N=103/ ND Severe COVID  Electronic 

medical 

records  

Diabetes-

specific factors   

Electronic medical 

records  

partly 

Choi, 

2020 

(175) 

Korea, Health 

insurance data 

 

m/w, ND, 

T1D + T2D  

N=566/ D: 

n=68,S: n= 

94  

Death, severe COVID 

(Severe COVID or 

death)  

HIRA 

database 

Other 

medication use  

HIRA database partly 

Chung, 2020 

(111) 

Korea, hospital-

based 

 

 

m/w, 66.3 years, 

ND 

N=29/S: n=13 

 

Severe COVID (Severe 

and critical outcome)  

 

Electronic 

medical 

records 

General 

Factors, 

Diabetes-

specific factors  

Electronic medical 

records 

partly  

Corcillo, 

2020 

(176) 

UK, hospital-based 

 

 

m/w, 68 years, 

T1D + T2D 

N=187/S: n= 

49 

Severe COVID 

(Intubation)  

Hospital 

medical 

records  

Comorbidities NHS Diabetic Eye 

Screening data 

partly  

Crouse, 2020 

(113) 

USA, hospital-based 

 

 

m/w, ND,  

T1D + T2D 

N=239 /deaths: 

n=45  

Death Electronic 

medical 

records 

General 

Factors, 

Diabetes-

specific factors 

Electronic medical 

records 

yes  
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Dalan, 2020 

(177) 

Singapore, hospital-

based 

 

 

m/w, ND, T2D N=76/ 

ND 

Severe COVID (MV) Medical 

records 

Diabetes-

specific factors  

 

Medical records partly  

de Abajo, 2020 

(178) 

Spain, hospital-based 

 

 

m/w,  

69.1 years (for the 

entire population, 

na for participants 

with diabetes), ND 

N=1440/S: n= 

182  

Severe COVID 

(Admission to hospital) 

Electronic 

primary 

health-care 

records 

Other 

medication use  

Hospital medical 

records 

partly 

Do, 

2020 

(179) 

Korea, Health 

insurance data 

 

  

m/w, 61 years, 

T2D 

N=1865/ D: n= 

150, S: n=85 

Death, 

severe COVID (MV)  

HIRA 

database 

Analyses for 

death: 

Comorbidities 

 

Analyses for 

MV: 

General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities 

HIRA database partly 

Emami, 2021 

(117) 

Iran, hospital-based 

 

m/w, 61.3 years, 

ND 

N=458/ D: n= 

50  

Death  Hospital 

medical 

records 

General 

Factors , 

Comorbidities 

Hospital medical 

records  

partly 

Fox,  

2020 

(6) 

USA, hospital-based 

 

m/w, 66.4 years, 

ND 

N=166/ D: n=45  Death Hospital 

medical 

records  

General 

Factors, 

Comorbidities 

 

Hospital medical 

records  

yes  

Ghany, 2021 

(118) 

USA, hospital-based 

 

m/w, ND, ND N=593/ D: 

n=59,  

S: n=102  

Death, severe COVID 

(ARDS) 

Electronic 

medical 

records  

Diabetes-

specific factors  

Electronic medical 

records  

partly 

Gregory, 2020 

(85) 

USA, hospital-based 

 

m/w, 32 years, 

T1D 

N=37/S: n=9  Severe COVID Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities, 

Electronic medical 

records 

no 
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Other 

medication use  

Huang, 2020 

(119) 

China, hospital-

based 

 

 

m/w, 66 years, 

ND 

N=256/ D: n= 

54, S:  

107  

Death, severe COVID Electronic 

medical 

records  

Analyses for 

death: 

 

General 

Factors, 

Comorbidities, 

Laboratory 

markers  

 

Analyses for 

severity: 

Comorbities, 

Laboratory 

markers 

 

Electronic medical 

records 

no 

Hui,  

2020 

(120) 

China, hospital-

based 

 

 

m/w,  

71 years, ND 

N=55/ D: n= 

44  

Death Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific factors 

Electronic medical 

records  

no 

Izzi-Engbeaya, 

2020 

(121) 

UK. hospital-based 

 

 

m/w,  

68.5 years, T1D + 

T2D 

N=337/ S: n= 48  Severe COVID 

(Death/ICU) 

Electronic 

medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Other 

medication 

use, 

Laboratory 

markers 

Electronic medical 

records 

partly  

Khalili, 2020 

(122)  

Iran, hospital-based 

 

 

m/w, 66.4 years, 

T2D 

N=127/ D: n=29  Death  Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities 

Electronic medical 

records  

no 



 
 

40 
 

Khalili, 2021 

(123) 

Iran, hospital-based 

 

 

m/w, 66.4 years, 

T2D 

N=127/S: n= 

36  

Severe COVID (AKI) Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Other 

medication use  

Electronic medical 

records 

no 

Kim, 

2020 

(124) 

Korea, hospital-

based 

 

 

m/w, 68.3 years, 

ND 

N=235/ D: n=44 

S: n=65  

Death, 

severe COVID  

Electronic 

medical 

records  

Diabetes-

specific 

factors, Other 

medication 

use, 

Laboratory 

markers 

 

Electronic medical 

records  

partly 

Lalau, 

2020 

(125) 

France, hospital-

based 

 

m/w, 70.9 years, 

T2D 

N=2449/S: 

n=857  

Severe COVID (MV 

and/or death) 

Medical files Diabetes-

specific factors  

Medical files, if 

needed, general or 

specialist practitioner, 

regular pharmacist or 

biomedical laboratory 

yes 

 

Lee, 

2021 

(126) 

Korea, Health 

insurance data 

 

m/w, ND, T2D N=1874/D: n= 

133  

Death  HIRA 

database 

Other 

medication use   

HIRA database partly  

Lei, 

2020 

(127) 

China, hospital-

based 

 

m/w, 62.5 years, 

T1D + T2D 

N=24/S: n= 

5  

Severe COVID (ICU 

admission) 

Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Laboratory 

markers  

 

Electronic medical 

records  

no 

Leon Pedroza, 

2021 

(128) 

Mexico, National 

register data 

 

m/w, ND, T2D N=33492/ 

ND 

Death SISVER General 

Factors,  

Comorbidities 

SISVER partly 
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Li,  

2020 (a) 

(180) 

China, hospital-

based 

 

 

m/w, 65.0 years, 

T1D + T2D 

N=132/D: n= 

15, S: n=31  

Death, severe COVID 

(in-hospital 

complications) 

Electronic 

medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Laboratory 

markers 

 

Electronic medical 

records 

no 

Li, 

2020 (b) 

(129) 

China, hospital-

based  

m/w, 66.8 years, 

T2D 

N=131/D: n=23  Death  Electronic 

medical 

records  

Diabetes-

specific factors  

Electronic medical 

records  

no 

Liu,  

2020 (a) 

(181) 

China, hospital-

based 

 

 

m/w, 66.0 years, 

ND 

N=64/S: n=12  Severe COVID (MV 

and/or death) 

Electronic 

medical 

records 

Diabetes-

specific 

factors, 

Comorbidities, 

Other 

medication 

use, 

Laboratory 

markers  

Electronic medical 

records 

no  

Liu,  

2020 (b) 

(131) 

China, hospital-

based 

 

 

m/w, 64.5 years, 

T2D 

N=134/S: n= 82  Severe COVID  Medical 

records 

Laboratory 

markers 

Medical records no 

Longmore, 

2021 

(133) 

International, 

hospital-based 

 

 

m/w, ND, 

T1D + T2D 

 

N=904 for D/ D: 

n=216  

 

N=654 for MV/ 

S: n=144  

Death, severe COVID 

(MV) 

Electronic 

medical 

records  

General 

Factors  

Electronic medical 

records  

yes 

Merzon, 2020 

(182) 

Israel, Health 

insurance data 

 

 

m/w, 61.8 years, 

ND 

N=183, S: n=46  Severe COVID 

(Hospitalisation) 

LHS 

electronic 

medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities 

LHS electronic 

medical records 

yes 
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Mirani, 

2020 

(135) 

Italy, hospital-based m/w, 71 years, 

T2D 

N=90/death: 

n=38  

Death  Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Other 

medication 

use, 

Laboratory 

markers 

Electronic medical 

records  

partly  

Mondal, 

2021 

(86) 

India, hospital-based 

 

 

m/w, 59.4 years, 

T2D 

N=196/ S: n= 26  Severe COVID (DKA) Medical 

records 

General 

Factors, 

Diabetes-

specific factors 

Medical records no 

Myers, 2021 

(136) 

USA, hospital-based 

 

m/w, 68 years, 

T2D 

N=3846/D: 

n=953  

Death  Medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities 

Medical records no 

Nikniaz, 

2021 

(137) 

Iran, hospital-based 

 

 

m/w, 65.1 years, 

ND 

N=317/D: n=67,  

S: n=71   

Death, severe COVID 

(MV)  

 

Electronic 

medical 

records  

General 

Factors  

Self-reported  partly 

Nyland, 

2021 

(138) 

USA, TriNetX 

COVID-19 Research 

Network  

m/w, 62.2 years, 

T2D 

N=12954/ death: 

n=  

1067, S: n=3403  

Death, 

severe COVID 

(Respiraroty 

complications) 

TriNetX 

COVID-19 

Research 

Network 

Diabetes-

specific factors  

TriNetX COVID-19 

Research Network 

No 

information 

Oh, 

2020 

(139) 

Korea,Health 

insurance data 

 

m/w, ND, T2D N=2047/ D: n= 

174  

Death NHIS-

COVID-19 

cohort 

database 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities 

 

NHIS-COVID-19 

cohort database 

partly 

O’Malley, 

2020 

(183) 

USA, hospital-based 

 

 

m/w, 39.9 years, 

T1D 

N=113/S: n= 

58  

Severe COVID 

(Hospitalisation)  

Electronic 

medical 

records  

General 

Factors, 

Diabetes-

Electronic medical 

records  

partly 
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specific 

factors,  

Comorbidities 

Orioli, 

2020 

(141) 

Belgium, hospital-

based 

m/w, 67 years, 

T1D+T2D  

N=64/D: n=10  Death  Electronic 

medical 

records  

General 

Factors,  

Comorbidities, 

Other 

medication use  

Electronic medical 

records  

no    

Pazoki, 2021 

(142) 

Iran, hospital-based 

 

m/w, 65 years, ND N=176 /D: n= 

54  

Death  Electronic 

medical 

records  

General 

Factors,  

Comorbidities, 

Laboratory 

markers  

 

Electronic medical 

records  

no 

Perez-Belmonte 

2020 

(143)  

Spain, hospital-based 

 

m/w, 74.9 years, 

T2D 

Metformin: 

N=498/D: 

n=158, S: n=179  

DPP-4 i: N=210/ 

D: n=85, S: 

n=87  

Insulin: N= 

258 / D: n=97, 

S: n= 111  

Death, 

Severe COVID (ICU, 

MV or death) 

 

SEMI-

COVID-19 

Registry 

Diabetes-

specific factors 

SEMI-COVID-19 

Registry 

yes 

Pettrone, 

2021 

(144) 

USA, hospital-based 

 

m/w, ND, ND N=79/S: n=55  Severe COVID 

(Hospitalisation) 

Medical 

records 

Diabetes-

specific factors 

Medical records no   

Ramos Rincon, 

2021 

(145) 

Spain, hospital-based 

 

m/w, 85.9 years, 

T2D 

N=790/ death: 

n= 

385  

Death  SEMI-

COVID-19 

Registry 

Diabetes-

specific 

factors, Other 

medication use 

SEMI-COVID-19 

Registry 

partly 

Rastad, 2020 (a) 

(184) 

Iran, hospital-based 

 

 

m/w,  

54.8 years (for the 

entire population, 

ND for 

participants with 

diabetes), ND 

N=267/ ND Death Electronic 

medical 

records 

Laboratory 

markers 

Electronic medical 

records 

no 
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Rastad, 

2020 (b) 

(146) 

Iran, hospital-based 

 

 

m/w, 63.8 years, 

ND 

N=455/ D: n= 

79, S: n=65  

Death, 

severe COVID 

(Ventilation) 

 

Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities, 

Other 

medication use  

Electronic medical 

records  

no 

Rhee, 2021 

(148) 

Korea, Health 

insurance data 

 

m/w, 61.8 years, 

ND 

N=832/ S: n=34  Severe COVID 

(Intensive care or 

death) 

HIRA 

database 

Other 

medication use  

HIRA database partly 

Riahi, 

2020 

(149) 

USA, hospital-based 

 

m/w, 66.4 years, 

T1D+T2D 

N=166/ D: n= 

45  

Death  Hospital 

medical 

records 

Diabetes-

specific factors  

Hospital medical 

records 

partly 

Roussell, 

2021 

(150) 

France, hospital-

based 

 

 

m/w, 70.9 years, 

T2D 

N=2449/ D: 

n=512, 

S: n=857  

Death, 

severe COVID (MV 

and/or death) 

Medical files Diabetes-

specific factors 

Medical files, if 

needed, general or 

specialist practitioner, 

regular pharmacist or 

biomedical laboratory 

yes 

Ruan, 

2021 

(151) 

UK, hospital-based 

 

m/w, 62 years, 

T1D 

N=196/ D: n= 

53, S: n=68  

Death, 

severe COVID (Death/ 

ICU) 

Elecronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities, 

Other 

medication use  

 

Electronic medical 

records  

no 

Satman, 2021 

(152) 

Turkey, National 

register data  

 

m/w, 53 years, 

T2D 

N=18658/D: n= 

1162, S: n=8172  

Death, 

severe COVID 

(Hospitalsiation)  

National 

COVID-19 

registry of the 

Turkish 

Ministry of 

Health 

General 

Factors, 

Diabetes-

specific 

factors, 

Comorbidities, 

Other 

medication use  

 

National COVID-19 

registry of the 

Turkish Ministry of 

Health 

partly 
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Savarese, 

2020 

(153) 

Sweden, National 

register data  

 

m/w,  

72 years (for the 

entire population, 

ND for 

participants with 

diabetes), 

T1D + T2D 

N=2692/ D: n= 

846  

Death  Cause of 

Death 

Registry 

Other 

medication use  

Swedish National 

Patient Registry 

yes   

Seiglie, 2020 

(154) 

USA, hospital-based 

 

 

m/w, 66.7 years, 

ND 

N=168/D: n=28, 

S: n=66  

 

Death, severe COVID 

(MV)  

Manual chart 

review 

General 

Factors, 

Diabetes-

specific factors 

Manual chart review 

and Enterprise Data 

Warehouse (EDW) 

yes 

Shah, 2020 

(155) 

USA, hospital-based 

 

 

m/w,  

60.1 years (for the 

entire population, 

na for participants 

with diabetes), ND 

N=228/ 

ND 

Death, severe COVID 

(Death, new dialysis 

requirement, MV or 

ICU care) 

Electronic 

medical 

records 

Other 

medication use  

Electronic medical 

records 

yes 

Shang, 2020 

(156) 

China, hospital-

based 

 

 

m/w,  

59.0 years (for the 

entire population, 

na for participants 

with diabetes), ND 

N=84/D: n=17  Death Electronic 

medical 

records 

Diabetes-

specific factors  

Electronic medical 

records 

no 

Shi,  

2020 

(185) 

 

 

China, hospital-

based 

 

  

m/w,  

64.0 years, ND 

N=153/ D: n=31  Death Electronic 

medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

laboratory 

parameters   

Electronic medical 

records 

no 

Silverii, 

2020 

(158) 

Italy, hospital-based 

 

 

m/w, 73.3 years,  

T2D 

N=159/ D: n= 

59  

Death  Electronic 

medical 

records  

Diabetes-

specific factors  

Electronic medical 

records  

no 

Smati, 

2020 

(159) 

France, hospital-

based 

 

  

m/w, 70.1 years, 

T2D 

N=1965/D: 

n=190, S: n=546  

Death, severe COVID 

(IMV or death) 

Medical files  General 

Factors  

Medical files, if 

needed, general or 

specialist practitioner, 

regular pharmacist or 

biomedical laboratory 

yes 
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Solerte, 2020 

(160) 

Italy, hospital-based 

 

  

m/w, 69.0 years, 

T2D 

N=338/ D: n= 

94, S: n=23  

Death, 

severe COVID 

(MV) 

Electronic 

medical 

records 

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Other 

medication use  

Electronic medical 

records 

partly 

Sonmez, 

2021 

(161) 

Turkey, National 

register data  

 

m/w, 61 years,  

T2D 

N=9213/ S: n= 

2065  

Severe COVID (ICU 

admission) 

National 

COVID-19 

registry of the 

Turkish 

Ministry of 

Health 

General 

Factors   

National COVID-19 

registry of the 

Turkish Ministry of 

Health 

no  

Tchang, 

2021 

(162) 

USA, hospital-based 

 

 

m/w, ND, ND N=1134/ S: 

n=476  

Severe COVID (Death/ 

ICU) 

Electronic 

medical 

records  

General 

Factors   

Electronic medical 

records  

yes  

Vargas Vazquez, 

2021 

(163) 

Mexico hospital-

based 

 

 

w/m, 57 years, 

T2D 

N=109/ D: n= 

34, S: n=52  

Death, 

severe  COVID  

Electronic 

medical 

records  

Diabetes-

specific factors  

Electronic medical 

records  

yes 

Wang, 

2020 

(164) 

China, hospital-

based 

 

 

 

m/w, 66 years, 

T2D 

N=67, S: n=51  Severe COVID (Poor 

therapeutic effect)  

Electronic 

medical 

records  

General 

Factors,  

Comorbidities 

Electronic medical 

records  

no 

Wargny, 

2021 

(165) 

France, hospital-

based 

 

 

m/w, 69.7 years, 

T1D + T2D 

N=2796/ D: n= 

577,S: n=800  

Death, 

Severe COVID  

Medical files General 

Factors,  

Diabetes-

specific 

factors,  

Comorbidities, 

Laboratory 

markers 

 

Medical files, if 

needed, general or 

specialist practitioner, 

regular pharmacist or 

biomedical laboratory 

partly 
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Wu, 

2021 

(166) 

China, hospital-

based 

 

 

m/w, 59 years, 

T2D 

N=946/ death: 

n= 

106  

 

  

Death Electronic 

medical 

records  

Comorbidities   Electronic medical 

records  

partly 

Xu,  

2020 

(167) 

China, hospital-

based 

 

 

m/w, 66.0 years, 

T2D 

N=114/ D: n=27  Death Electronic 

medical 

records 

Diabetes-

specific factors  

Electronic medical 

records 

partly  

Yan, 

2020 

(168) 

China, hospital-

based 

 

 

m/w, ND, T2D N=58/ S: n=21 Severe COVID  Electronic 

medical 

records  

Diabetes-

specific factors 

 

Electronic medical 

records  

partly 

You,  

2020 

(169) 

Korea, Health 

insurance data 

 

 

m/w, ND, T2D N=495/ 

ventilation: n=9, 

oxygen 

therapies: n=68, 

ICU admission: 

n=33  

Severe COVID 

(Ventilation, oxygen 

therapy, ICU 

admission)   

HIRA 

database 

Diabetes-

specific factors 

 

HIRA database partly 

Zhang, 

2020 

(170)  

China, hospital-

based 

 

 

m/w, 65.5 years, 

T2D 

N:52/ S: n=21  Severe COVID Electronic 

medical 

records  

General 

Factors, 

Diabetes-

specific 

factors,  

Comorbidities, 

Laboratory 

markers 

  

Electronic medical 

records 

no 

Zhu, 2020 

(171) 

China, hospital-

based 

 

 

m/w, 62.7 years, 

T2D 

N=810/ D: 

n=61, S: n=133  

 

Death, severe COVID 

(ARDS) 

Electronic 

medical 

records 

Diabetes-

specific factors 

 

Electronic medical 

records 

partly  

ND – not defined , D= death, S= severity  

Considered important confounders: yes: minimal adjustment set (including age, sex, BMI, and at least one comorbid condition), partly: if one of the aforementioned confounders was 

missing, high: if more than one of the aforementioned confounders was missing and/or univariate analyses were performed – modified by Schlesinger et al (1) 
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General Risk Factors and COVID-19-Related Death and COVID-19-Related 

Severity in Individuals with Diabetes and COVID-19  

Male sex compared to female sex was associated with an increased risk of COVID-19-related 

death (SRR: 1.38 [95% CI: 1.19, 1.59]; n=19 studies) with high certainty of evidence (Fig. 7). 

Similar results were observed for the outcome COVID-19-related severity (SRR: 1.24 [95% 

CI: 1.12, 1.39]; n=28 studies) but with moderate certainty of evidence. Moreover, the 

heterogeneity of studies for COVID-19-related severity was lower compared to COVID-19-

related death (I2 severity: 27%, I2 death: 43%). 

 

Meta-Analysis of Sex and COVID-19 Outcomes 

A) Death  
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Fig. 7: Meta-analysis on men compared to women and A) death and B) severity of COVID-19 in individuals 

with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

A factor that contributed to more than a two-fold risk to COVID-19-related death with high 

certainty of evidence was older age (≥65 years) (SRR: 2.67 [95% CI: 1.73, 4.12]; n=10 

studies) when compared to individuals younger than 65 years old (Fig. 8). For every increase 

of 5 years, there is an approximate increase of 26% for COVID-19-related death (SRR: 1.26 

[95% CI: 1.15, 1.38]; n=12 studies) (Fig. 30). 

Regarding COVID-19-related severity, similar associations were observed and more 

specifically age ≥65 years (SRR: 1.92 [95% CI: 1.42, 2.61]; n=11 studies) was associated with 

the outcome with high certainty of evidence and every 5 years increase of age increased the 

relative risk by 22% (SRR: 1.22 [95% Cl: 1.11, 1.28]; n=18) with moderate certainty of 

evidence (Fig. 8, Fig. 31).  

 

 

 

A) Death 

B) Severity of COVID-19 
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Meta-Analysis of Age >65 years Old and COVID-19 Outcomes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Meta-analysis on age ≥65 years and A) death and B) severity of COVID-19 in individuals with diabetes 

and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Furthermore, obesity in patients with diabetes was related to increased susceptibility to 

COVID-19-related death, and patients were exposed to 54% increased relative risk for this 

adverse outcome (SRR: 1.54 [95% CI: 1.11, 2.15]; n=9 studies; high certainty of evidence) 

(Fig. 9). On the other hand, BMI and smoking showed no clear associations with COVID-19-

related death with moderate certainty of evidence (Appendix Fig. 1, Appendix Fig. 2) 

Regarding COVID-19-related severity, obesity (SRR: 1.51 [95% CI: 1.19, 1.91]; n=13 

studies) was associated with the outcome with moderate certainty of evidence (Fig. 9). On the 

other hand, BMI and overweight yielded no clear results for COVID-19-related severity with 

moderate certainty of evidence (Appendix Fig. 1, Appendix Fig. 3). The heterogeneity of the 

results for COVID-19-related death and severity, 60% and 70% respectively, was relatively 

high. Furthermore, there was evidence of publication bias for obesity with COVID-19-related 

severity, according to Egger's test, and the funnel plot shows that studies with null or negative 

findings were missing (Appendix Fig. 4). 
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Meta-Analysis of Obesity and COVID-19 Outcomes  

 

 

  

 

 

 

Fig. 9: Meta-analysis on obesity compared to normal weight and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Diabetes-Specific Risk Factors and COVID-19-Related Death and COVID-19-

Related Severity in Individuals with Diabetes and COVID-19 

Diabetes-Related Factors  

Since the initial review, study scarcity limited the evidence strength on the independent 

prognostic value of diabetes type (SRR for COVID-19-related death: 1.35 [95% Cl: 0.58, 

3.14]; n=3 and SRR for COVID-19-related severity (SRR: 1.14 [95% Cl: 0.63, 2.05]; n=4) 

and duration (SRR for COVID-19-related death: 1.47 [95% Cl: 0.16, 13.65]; n=2 and for 

COVID-19-related severity (SRR: 1.01 [95% Cl: 0.95, 1.07]; n=4), leading to imprecise 

estimates and very low certainty of evidence for these associations for both outcomes 

(Appendix Fig. 5, Appendix Fig. 6) 

 

Diabetes-Related Laboratory Markers  

The meta-findings show an association between high blood glucose levels at admission 

(glucose > 6 mmol/mol) and COVID-19-related death with a high certainty of evidence (SRR: 

2.75 [95% Cl: 1.27, 5.97]; n=3). High blood glucose at admission (glucose >6 mmol/l) was 

also associated with COVID-19-related severity with high certainty of evidence (SRR: 2.79 

[95% CI: 1.35, 5.75]; n=3 studies) (Fig. 10). The heterogeneity for this factor was 0% for both 

outcomes.  

Every increase of blood glucose level was associated with COVID-19-related death and 

severity with a moderate certainty of evidence (SRR per 1 mmol/l for COVID-19-related 

death: 1.03 [95% Cl: 1.00, 1.06]; n=6 studies and SRR per 1 mmol/l for COVID-19-related 

severity: 1.03 [95% Cl: 1.00, 1.05]; n=8, SRR per 5 mmol/l for COVID-19-related death: 1.15 

[95% Cl: 1.01, 1.31]; n=6 studies and SRR per 5 mmol/l for COVID-19-related severity: 1.13 

[95% Cl: 1.00, 1.29]; n=8) (Fig. 11, Fig. 30, Fig. 31). 
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Meta-Analysis of Blood Glucose at Admission > 6 mmol/l and COVID-19 Outcomes  

 

 

 

 

 

Fig. 10: Meta-analysis on blood glucose >6 mmol/L at admission and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

A) Death 

B) Severity of COVID-19 
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Meta-Analysis of Blood Glucose Increase per 1 mmol/l and COVID-19 Outcomes  

 

 

 

Fig. 11: Meta-analysis on blood glucose per 1 mmol/l increase at admission and A) death and B) severity of 

COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

A) Death 

B) Severity of COVID-19 
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Findings on HbA1c differed between COVID-19-related death and severity. Even though 

higher HbA1c levels were not associated with COVID-19-related death (SRR for an increase 

per 20 mmol/mol: 0.98 [95% CI: 0.92, 1.05]; n=4 studies; high certainty of evidence), an 

increase per 20 mmol/mol showed a 12% higher relative risk of COVID-19-related severity 

(SRR for an increase per 20 mmol/mol: 1.12 [95% CI: 1.01, 1.24]; n=13 studies; moderate 

certainty of evidence) (Fig. 12). Even though the heterogeneity for the outcome COVID-19-

related death was 0%, it was observed to be around 70% when considering COVID-19 

severity. Moreover, Egger's test also suggested publication bias for HbA1c and COVID-19-

related severity (Appendix Fig. 7).  

 

Meta-Analysis of HbA1c per 20 mmol/mol and COVID-19 Outcomes  

 

 
A) Death 
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Fig. 12: Meta-analysis on HbA1c, per 20 mmol/mol increase and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

Glucose-Lowering Medication  

Several new studies regarding diabetes treatment have become available since the last 

published systematic review and meta-analysis. Evidence suggested that insulin use was 

associated with a 62% increased relative risk of COVID-19-related death (SRR: 1.62 [95% 

CI: 1.13, 2.33]; n=12 studies) (Fig. 13) compared to the individuals not receiving insulin, 

whereas metformin use was associated with a 32% lower relative risk (SRR: 0.68 [95% Cl: 

0.51, 0.89]; n=11 studies) both with high certainty of evidence (Fig. 14). 

Insulin use was also associated with a higher relative risk of COVID-19-related severity with 

high certainty of evidence (SRR: 1.49 [95% Cl: 1.12, 1.99]; n=16) (Fig. 13). Metformin 

showed however the opposite relationship with the outcome with moderate certainty of 

evidence (SRR: 0.75 [95% Cl: 0.58, 0.96]; n=15) (Fig. 14). The observations of DPP-4 

inhibitors with the endpoint COVID-19-related severity indicated no clear associations with a 

moderate certainty of evidence (SRR: 0.95 [95% Cl: 0.80, 1.14]; n=13) (Appendix Fig. 8). 

B) Severity of COVID-19 
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There were no clear associations between the risk of COVID-19-related death and the other 

diabetes medications and the certainty of evidence was low or very low (Fig. 30). For example, 

new evidence depicted that the use of GLP-1-RA was also associated with lower relative risk 

of COVID-19-related death with a low certainty of evidence (SRR: 0.71 [95% CI: 0.54, 0.94]; 

n=4 studies) when compared to individuals not receiving GLP-1-RA (Appendix Fig. 9). 

 

Meta-Analysis of Insulin Use and COVID-19 Outcomes 

 

 

 

 

 

Fig. 13: Meta-analysis on insulin use compared to non-use and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1)  

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Metformin Use and COVID-19 Outcomes  

  

 

 

 

Fig. 14: Meta-analysis on metformin use compared to non-use and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Of note, no clear associations were observed between the medications SGLT-2, 

sulfonylurea/glinides/secretagogue use and thiazolidinedione with COVID-19-related death 

or severity (Appendix Fig. 10, Appendix Fig. 11, Appendix Fig. 12).  

 

Laboratory Parameters on Admission and COVID-19-Related Death and 

COVID-19-Related Severity in Individuals with Diabetes and COVID-19  

We evaluated the association between laboratory markers and COVID-19 outcomes that can 

be found in Fig. 30 and Fig. 31. Evidence suggested that higher estimated GFR (eGFR) was 

associated with decreased relative risk of COVID-19-related death with high certainty of 

evidence (SRR per 1 ml/min/1.73m²: 0.97 [95% Cl: 0.96, 0.99]; n=3 studies, SRR per 10 

ml/min/1.73m²: 0.78 [95% Cl: 0.65, 0.94]; n=3 studies) in comparison to lower eGFR levels 

(Fig. 15, Fig. 30). Heterogeneity was especially high for laboratory markers, most likely due 

to differences in analytical methods and reference ranges used in the different labs. For 

example, the meta-analysis of eGFR indicated a heterogeneity of 69% and lymphocyte count 

87% in comparison to factors sex which had a heterogeneity of 43% for COVID-19-related 

death.  

eGFR had an inverse relationship also with the outcome COVID-19-related severity. A 

decrease in the level of eGFR was associated with an increase in the relative risk for the 

outcome (SRR per 1 mL/min/1.73 m2: 0.98 [95% Cl: 0.97, 1.00]; n=3, SRR per 10 

mL/min/1.73 m2: 0.83 [95% Cl: 0.71, 0.96]; n=3) with high certainty of evidence (Fig. 15, 

Fig. 31). 
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Meta-Analysis of eGFR and COVID-19 Outcomes  

 

 

 

 

 

Fig. 15: Meta-analysis on eGFR, per 1 ml/min/1.73 m2 and A) death and B) severity of COVID-19 in individuals 

with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

New evidence suggested that high CRP at admission was associated with increased relative 

risk of COVID-19-related death (SRR per 1 mg/l 1.01 [95% CI: 1.00, 1.02], n=7 studies, SRR 

per 5 mg/l 1.07 [95% CI: 1.02, 1.12], n=7 studies, moderate certainty of evidence). An 

increase in the CRP level per 10 mg/l was also associated with an increase in the relative risk 

B) Severity of COVID-19 

A) Death 
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of COVID-19-related severity but in this case with high certainty of evidence (SRR for an 

increase per 1 mg/l 1.01 [95% CI: 1.00, 1.02], n=6 studies, SRR for an increase per 5 mg/l: 

1.06 [95% CI: 1.01, 1.11], n=6 studies) when compared to lower CRP levels (Fig. 16, Fig. 

31). The heterogeneity for COVID-19-related death was 0% yet for severity 65%.  

 

Meta-Analysis of CRP and COVID-19 Outcomes  

 

 

  

 

 

Fig. 16: Meta-analysis on C-reactive protein (CRP), per 1 mg /dl and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Besides eGFR and CRP, another factor related to COVID-19-related death was high aspartate 

aminotransferase (AST) levels at admission (SRR per 1 U/l: 1.07 [95% CI: 1.01, 1.14]; n=4, 

SRR per 5 U/l: 1.42 [95% CI: 1.06, 1.90]; n=4 studies; moderate certainty of evidence) (Fig. 

17), whereas for ALT levels (alanine aminotransferase) no associations were observed (SRR 

for ALT per 1 U/l: 1.00 [95% CI: 0.96, 1.04]; n=3, SRR for ALT per 5 U/l: 1.00 [95% CI: 

0.83, 1.20]; n=3, low certainty of evidence) (Appendix Fig. 13).  

 

Furthermore, every increase of AST levels per 5 units/l was also associated with 46% increase 

in the relative risk of COVID-19-related severity with moderate certainty of evidence (SRR 

for an increase per 1 unit/l: 1.08 [95% CI: 1.02, 1.14], n=4 studies, SRR for an increase per 5 

units/l: 1.46 [95% CI: 1.09, 1.95], n=4 studies) (Fig. 17, Fig. 31). 

 

Meta-Analysis of AST and COVID-19 Outcomes  

 

 
A) Death 
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Fig. 17: Meta-analysis on AST per 1 U/l and A) death and B) severity of COVID-19 in individuals with diabetes 

and COVID-19 - modified by Schlesinger et al (1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B) Severity of COVID-19 
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As for the lymphocyte count, there has been an inverse relationship between this factor and 

COVID-19-related death (SRR: 0.29 [95% CI: 0.11, 0.73], n=5 studies) with a moderate 

certainty of evidence. This indicates that individuals with high lymphocyte count were prone 

to more adverse COVID-19 outcomes. Lymphocyte count was also associated with an inverse 

relationship with COVID-19-related severity (SRR: 0.38 [95% CI: 0.20, 0.71], n=6 studies) 

but in this case with high certainty of evidence (Fig. 18). 

 

Meta-Analysis of Lymphocyte Count and COVID-19 Outcomes  

  

 

  

 

 

Fig. 18: Meta-analysis on lymphocyte count, per 1x109/l and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Platelet count yielded no clear associations with COVID-19-related death or severity with 

moderate certainty of evidence, yet procalcitonin level increase per 1 ng/ml was associated 

with 20% (SRR: 1.20 [95% Cl: 1.06, 1.35]; n=2) increase in the relative risk of COVID-19-

related death but no associations were observed for COVID-19-related severity with low 

certainty of evidence (Appendix Fig. 14, Appendix Fig. 15).  

A factor that showed a reverse relationship when considering studies with a low and high risk 

of bias was haemoglobin. Even though the overall risk of COVID-19-related death was 

decreased per 5g/dL increase in haemoglobin with low certainty of evidence, a study with 

low/moderate risk of bias indicated an increase in the relative risk per 1g/dL increase in 

haemoglobin level with precision (RR: 1.55 [95% Cl: 1.07, 2.25]; n=1), whereas the study 

with a high risk of bias depicted a decrease in the relative risk of the adverse outcome (RR: 

0.54 [95% Cl: 0.39, 0.74]; n=1) (Fig. 30, Appendix Fig. 16).  

Regarding COVID-19-related severity, creatinine observations were associated with moderate 

certainty of evidence (SRR for an increase per 1 μmol/L: 1.00 [95% CI: 1.00, 1.01], n=6 

studies, SRR for an increase per 10 μmol/L: 1.03 [95% CI: 1.01, 1.06], n=6 studies) (Fig. 31, 

Appendix Fig. 17). An increase in the neutrophils per 1*109/L was associated with the adverse 

outcome but the certainty of evidence was low (SRR: 1.24 [95% Cl: 1.18, 1.29]; n=4) 

(Appendix Fig. 18). D-Dimer was not associated with COVID-19-related severity with 

moderate certainty of evidence (Appendix Fig. 19).  

Moreover, some factors were only associated with COVID-19-related severity and not with 

death. These included IL-6 (SRR for an increase per 1 pg/ml: 1.01 [95% CI: 1.01, 1.02], n=3 

studies, SRR for an increase per 5 pg/dl: 1.07 [95% CI: 1.04, 1.10], n=3 studies) with moderate 

certainty of evidence (Fig. 19, Fig. 31) and erythrocyte sedimentation rate. However, 

erythrocyte sedimentation rate indicated an association with low certainty of evidence (SRR 

for an increase per 1 mm/h: 1.04 [95% CI: 1.02, 1.06], n=2 studies) (Appendix Fig. 20).  
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Meta-Analysis of IL-6 and COVID-19 Outcomes  

 

 

No data 

  

 

 

Fig. 19: Meta-analysis on IL-6, per 1 pg/ml and A) death and B) severity of COVID-19 in individuals with 

diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

 

 

 

 

 

 

B) Severity of COVID-19 

A) Death 
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Comorbidities, Complications and COVID-19-Related Death and COVID-19-

Related Severity in Individuals with Diabetes and COVID-19  

The presence of pre-existing CVD was associated with COVID-19-related death, increasing 

the relative risk by 33% (SRR: 1.33 [95% Cl: 1.11, 1.59]; n=14 studies) (Fig. 20). It was 

observed that CKD (relative risk increased by 75%) and COPD (relative risk increased by 

31%) were also related to COVID-19-related death (CKD: SRR: 1.75 [95% Cl: 1.36, 2.25]; 

n=14 studies; COPD: SRR: 1.31 [95% Cl: 1.17, 1.47], n=9 studies) compared to individuals 

without these comorbidities (Fig. 21, Fig. 22). All three associations were evaluated as high 

certainty of evidence.  

Results for COVID-19-related severity were similar with a high certainty of evidence for CKD 

(SRR: 1.67 [95% Cl: 1.36, 2.05]; n=18 studies (Fig. 21) and a moderate certainty of evidence 

for CVD (SRR: 1.31 [95% Cl: 1.11, 1.55]; n=18 studies (Fig. 20). Regarding the outcome for 

CVD and COVID-19-related severity, publication bias was observed according to Eager’s test 

(Appendix Fig. 21). COPD, on the other hand, did not show clear associations with the 

outcome with moderate certainty of evidence (SRR: 1.18 [95% Cl: 0.95, 1.48]; n=12) (Fig. 

22). The heterogeneity of these results was similar for both outcomes, except for COPD which 

had a 0% heterogeneity when considering COVID-19-related death and 54% for COVID-19-

related severity.  
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Meta-Analysis of CVD and COVID-19 Outcomes    

 

 

v 

 

 

Fig. 20: Meta-analysis on pre-existing cardiovascular disease (CVD) compared to no CVD and A) death and B) 

severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1)   

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of CKD and COVID-19 Outcomes  

  

 

 

Fig. 21: Meta-analysis on pre-existing chronic kidney disease (CKD) compared to no CKD and A) death and B) 

severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

A) Death 

B) Severity of COVID-19 
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Meta-Analysis of COPD and COVID-19 Outcomes  

  

 

 

 

 

Fig. 22: Meta-analysis on pre-existing chronic obstructive pulmonary disease (COPD) compared to no COPD 

and A) death and B) severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger 

et al (1) 

B) Severity of COVID-19 

A) Death 
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New observations with moderate certainty of evidence indicated that dementia (including 

cognitive impairments) (SRR: 1.76 [95% Cl: 1.21, 2.58; n=4 studies) (Fig. 23), pre-existing 

microvascular complications (SRR: 1.55 [95% Cl: 1.08, 2.22]; n=3 studies) (Fig. 24) and the 

per unit increase of the Charlson index (SRR: 1.33 [95% Cl: 1.13, 1.57]; n=2 studies) (Fig. 

25) were associated with an increased relative risk of COVID-19-related death. Coronary 

artery disease (CAD) (SRR: 1.78 [95% Cl: 1.21, 2.64]; n=5 studies) and heart failure (SRR: 

1.48 [95% Cl: 1.19, 1.83]; n=5 studies) did not show clear associations with COVID-19-

related death as the certainty of evidence for these factors was low (Appendix Fig. 22, 

Appendix Fig. 23). 
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Meta-Analysis for Dementia and COVID-19 Outcomes  

 

 

 

 

 

 

Fig. 23: Meta-analysis on pre-existing dementia/cognitive impairment compared to no dementia and A) death 

and B) severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis for Microvascular Disease and COVID-19 Outcomes  

  

 

 

 

 

Fig. 24: Meta-analysis on pre-existing microvascular disease (MVD) compared to no CKD and A) death and B) 

severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Charslon Index and COVID-19 Outcomes  

 

 

 

 

 

Fig. 25: Meta-analysis on Charlson index, per 1 unit compared to no comorbidities and A) death and B) severity 

of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Regarding hypertension, it was associated only with COVID-19-related severity (SRR: 1.28 

[95% Cl: 1.13, 1.44]; n=24 studies, high certainty of evidence) (Fig. 26) compared to those 

not suffering from hypertension. No relationship was observed between hypertension and 

COVID-19-related death and according to Egger’s test it was suggested that publication bias 

existed for these results (Appendix Fig. 24).  

 

Meta-Analysis of Hypertension and COVID-19 Outcomes  

  

 
A) Death 
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Fig. 26: Meta-analysis on hypertension compared to no hypertension and A) death and B) severity of COVID-

19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

Moreover, chronic pulmonary diseases (SRR: 1.52 [95% Cl: 1.19, 1.96]; n=6 studies, 

moderate certainty of evidence) were associated with a 52% higher relative risk of COVID-

19-related severity in comparison to individuals who were not affected from chronic 

pulmonary diseases (Fig. 27). There were indications that individuals with obstructive sleep 

apnea were more prone to suffer from COVID-19-related severity in comparison to those who 

were not affected, but the certainty of evidence was low (SRR: 1.36 [95% Cl: 1.04, 1.76]; n=2) 

(Appendix Fig. 25) 

 

 

 

 

 

 

 

 

B) Severity of COVID-19 
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Meta-Analysis of Chronic Pulmonary Diseases and COVID-19 Outcomes 

Fig. 27: Meta-analysis on pre-existing chronic pulmonary disease (not specified) compared to no chronic 

pulmonary disease and A) death and B) severity of COVID-19 in individuals with diabetes and COVID-19 - 

modified by Schlesinger et al (1) 

  

 

 

 

 

B) Severity of COVID-19 

A) Death 
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Non-Glucose-Lowering Medication and COVID-19-Related Death and COVID-

19-Related Severity in Individuals with Diabetes and COVID-19  

As for medication other than diabetes treatment, the use of acetylsalicylic acid was associated 

with COVID-19-related death with  moderate certainty of evidence (SRR: 2.47 [95% CI: 1.41, 

4.31]; n=2 studies) (Fig. 28). There were indications that individuals prescribed with statins 

were related to an increased susceptibility for COVID-19-related death with moderate 

certainty of evidence compared to those who were not under this medication. However these 

findings were imprecisely estimated (SRR for COVID-19-related death: 1.31 [95% Cl: 0.88, 

1.95]; n=6 studies) (Fig. 29).  
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Meta-Analysis of Acetylsalicylic Acid (ASA) and COVID-19 Outcomes  

 

 

  

 

 

Fig. 28: Meta-analysis on use of acetylsalicylic acid (ASA) compared to non-use and A) death and B) severity 

of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Statins and COVID-19 Outcomes  

 

 

 

 

 

Fig. 29: Meta-analysis on use of statins compared to non-use and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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The only medication associated with COVID-19-related severity with a high certainty of 

evidence was the use of ASA (SRR: 2.25 [95% CI: 1.89, 2.67]; n=2 studies) compared to the 

non-use of ASA (Fig. 28).  

Other drug use that also demonstrated an association with both outcomes, yet with imprecisely 

calculated estimations and low certainty of evidence was the use of beta-blockers. After 

stratifying due to risk of bias, it could be observed that the use of beta-blockers exhibited a 

higher risk of COVID-19-related severity in a study with low/moderate risk of bias with 

precise results (RR: 3.21 [95% Cl: 1.53, 6.73]; n=1), yet studies with high risk of bias indicated 

a reduced relative risk (RR: 0.76 [95% Cl: 0.23, 2.54]; n=2) (Appendix Fig. 26).  

Lastly, the use of renin inhibitors generated opposite associations with death and severity in 

co-occurrence with COVID-19 infection, however, based on a low certainty of evidence in 

this case as well. RAAS inhibitors increased the relative risk of severe infection (SRR: 1.03 

[95% CI: 0.83, 1.28; n=20 studies, low certainty of evidence). At the same time, studies with 

low/moderate risk of bias due to confounding exhibited a reduced relative risk of COVID-19-

related severity (RR: 0.80 [95% Cl: 0.64, 1.00]; n=11), but the studies with high risk of bias 

due to confounding increased the risk compared to the non-use of renin inhibitors (RR: 1.45 

[95% Cl: 1.07, 1.98]; n=9) (Appendix Fig. 27).  

 

Summary of Findings  

In the following section, the overall results of our systematic review and meta-analyses are 

presented. In Fig. 30, Fig. 31 the summary risk estimates for diabetes risk phenotypes 

associated with COVID-19-related death and COVID-19-related severity respectively are 

shown. Factors are categorised into sections that include general factors, diabetes-specific 

factors, laboratory parameters, and lastly, comorbidities and complications and non-glucose 

lowering medication.  
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Risk Factors Associated with COVID-19-Related Death  

Fig. 30: Risk factors in individuals with diabetes associated with COVID-19-related death - modified by 

Schlesinger et al (80) 
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Risk Factors Associated with COVID-19-Related Severity  

Fig. 31: Risk factors in individuals with diabetes associated with COVID-19-related severity - modified by 

Schlesinger et al (80) 
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Chapter 4 - Discussion and Conclusion 

In this updated systematic review and meta-analysis, data from 58 new studies were analysed 

and 153 meta-analyses were performed. This study aimed to investigate the relationship 

between diabetes phenotypes and COVID-19-related death and severity. Our results showed 

that several factors were found to be associated with an increased relative risk of COVID-19-

related death and severity in individuals with diabetes with moderate to high certainty of 

evidence. These included male sex, older age, higher blood glucose levels at admission, insulin 

use, and inverse relationships with metformin use. Furthermore, pre-existing comorbidities 

such as CVD, CKD, and COPD also increased the relative risk of COVID-19-related death 

and severity. New evidence supported the hypothesis that obesity, pre-existing microvascular 

complications, dementia/cognitive impairments, and the Charlson index were associated with 

COVID-19-related death and severity. Additionally, higher values of laboratory markers such 

as CRP and AST were associated with an increased relative risk, and higher eGFR and 

lymphocyte count at admission with a decreased relative risk of COVID-19 outcomes. 

Previous use of statins and acetylsalicylic acid also indicated an association with an increased 

relative risk of COVID-19-related death and severity. It was noted that two factors, high 

HbA1c levels, and hypertension, were only associated with COVID-19-related severity, but 

not with COVID-19-related death. In summary, our updated systematic review and meta-

analyses identified several diabetes phenotypes that are associated with an increased relative 

risk of COVID-19-related death and severity. These findings may have important implications 

for the understading, management, and prevention of COVID-19 in individuals with diabetes. 

 

Comparison with Other Studies  

General Risk Factors  

As mentioned in the previous version of our systematic review (1), male sex and age over 65 

years were positively associated with worse COVID-19 outcomes in people with diabetes. 

After considering more studies in our updated version of the systematic review and meta-

analyses, the increase in the relative risk of COVID-19-related death and severity in older 

individuals was lower than initially observed (COVID-19-related death - initial review SRR: 

3.49 [95% Cl: 1.82, 6.69]; n=6 studies; updated version SRR: 2.67 [95% Cl: 1.73, 4.12]; n=10 

studies), but still identified older age as a risk factor. In the general population, older age has 

also been reported to be an important predictor of death after COVID-19 infection (186). In 



 
 

86 
 

the study of Bonanad, age groups above 50, and especially above 60 years, had an increased 

risk of mortality compared to the immediately younger age groups. For example, the largest 

increase in mortality risk was observed in patients aged 60-69 years compared to those aged 

50-59 years (OR: 3.13 [95%  Cl: 2.61, 3.76]) (186). 

Furthermore, male sex was associated with a 38% (SRR: 1.38 [95% Cl: 1.19, 1.60]) higher 

relative risk of experiencing COVID-19-related death and 24% (SRR: 1.24 [95% Cl: 1.12, 

1.39]) of severity. In a study that included the general population (187), male sex was also 

associated with severe COVID-19 disease (RR: 1.18 [95% CI: 1.10, 1.27]), a higher need for 

intensive care (RR: 1.38 [95% CI: 1.09 ,1.74]) and with death (RR: 1.50 [95% CI: 1.18, 1.91]). 

Wenham suggested that immunological differences, hormonal disparities, social factors, and 

lifestyle habits can play a role in the vulnerability of men and women regarding COVID-19 

prognosis (188). Smoking seems to be a factor that differs in prevalence between males and 

females. Increased smoking levels in the male population could be a potential factor that 

increases the risk of adverse COVID-19 outcomes (188). Due to the protective effects of the 

X chromosome and sex hormones, which are crucial for both innate and adaptive immunity, 

women are less vulnerable to viral infections (189). On the other hand, data from the State 

Council Information Office in China also indicate that more than 90% of healthcare 

professionals in the province of Hubei are women, highlighting the character of the healthcare 

field and the risk borne by the majority of women health professionals (188). This fact suggests 

that women are more likely to get infected with COVID-19 as they are in the frontline in 

hospitals, hence increasing the chance of suffering from adverse COVID-19-related outcomes.  

In this update of the living systematic review and meta-analysis it was observed that the course 

of COVID-19 disease among patients with diabetes and confirmed SARS-COV-2 was affected 

by obesity, identifying it as a risk factor for both outcomes. The risk of obese individuals with 

diabetes experiencing adverse outcomes was around 50% (SRR for COVID-19-related death: 

1.54 [95% Cl: 1.11, 2.14], SRR for COVID-19-related severity: 1.51 [95% Cl: 1.19, 1.91]) 

higher than those who were not obese. In our study, we identified moderate statistical 

heterogeneity between the study findings. Possible reasons for the heterogeneity could be the 

fact that the population observed for this meta-analysis originated from different countries and 

continents, like USA, Europe and Asia, with different lifestyle and food preferences. 

Therefore, the risk of obesity differs depending on the lifestyle of each culture. For example, 

obese individuals with diabetes observed in a study in Romania experienced a more than 

threefold increase in the risk of suffering from a severe course of COVID-19 infection (103), 

but a study observing individuals in China (162) found that individuals with diabetes and 
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obesity experienced a 30% increase in the relative risk of COVID-19-related severity. Similar 

results have been observed in the general population (190).  

Obesity can be defined using the BMI as an indicator (191). BMI is a proxy of body fat based 

on height and weight applied to adult men and women. BMI has four categories, and more 

specifically underweight individuals have a BMI value of <18.5 kg/m², normal weight ranges 

between 18.5 kg/m² and 24.9 kg/m², overweight individuals have a BMI of 25 kg/m² to 29.9 

kg/m², and obesity is indicated by values 30 kg/m² and above (191). The relationship between 

BMI per 5 kg/m² and COVID-19-related death and severity was not clear in our meta-analysis 

(SRR for COVID-19-related death: 1.05 [95% Cl: 0.95, 1.16] and SRR for COVID-19-related 

severity: 1.01 [95% Cl: 0.84, 1.20]). According to the study of Mahamat-Saleh that included 

the general population infected with COVID-19, the SSR was 1.12 [95% CI: 1.07, 1.17], 

I2=68%, n=25) per 5 kg/m2 increase in BMI, indicating that individuals with obesity and the 

corresponding BMI value of 30 kg/ m² and above are exposed to about 12% higher relative 

risk of developing COVID-19-related outcomes. For persons with BMI ≥30 kg/m2 compared 

to those with BMI <30 kg/m2 it was observed that they had almost 50% increase in the relative 

risk for adverse outcomes (SSR: 1.45 [95% CI: 1.31, 1.61], I2=91%, n=54, high certainty of 

evidence) (190). 

Of note, regarding ethnicity, no associations were observed between African Americans in 

comparison to Non-Hispanic White and COVID-19 outcomes (Appendix Fig. 28). Based on 

a study in the general population, African American/Black and Hispanic populations 

experience disproportionately higher rates of SARS-CoV-2 infection, hospitalization, and 

COVID-19-related mortality compared to non-Hispanic White populations, but not higher 

case-fatality rates (moderate- to high certainty of evidence) (192).  

 

Diabetes-Specific Risk Factors  

For some factors, such as type and duration of diabetes, there is limited availability of evidence 

due to the lack of studies. Therefore, the very low certainty of the evidence and the imprecise 

estimations did not lead to robust results on these factors. The study included in our review 

with low/moderate risk of bias indicated a lower relative risk of COVID-19-related severity in 

individuals with T2D compared to T1D (RR: 0.37 [95% Cl: 0.04, 3.44]), but 95% CI were 

very wide. Studies with a high risk of bias indicated an increased relative risk of COVID-19-

related severity for T2D compared to T1D (RR: 1.24 [95% Cl: 0.67, 2.27]), but again findings 

were imprecisely estimated (Appendix Fig. 5). Controversial findings were found in 
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population-based studies that covered the entire population of people with diabetes (but not 

all with confirmed SARS-CoV-2 infection). On the one hand, findings indicated an increased 

relative risk for patients with T2D compared to T1D (193), while it was simultaneously 

observed in another study that no differences existed by type of diabetes (194). In this study 

of McGurnaghan et al. (194), comparisons with the population without diabetes depicted that 

the risk of fatal or serious COVID-19 infection was higher for T1D than for T2D (OR for T1D: 

2.40 [95% Cl: 1.82, 3.16]; OR for T2D: 1.37 [95% Cl: 1.28, 1.47]. This elevated risk in T1D 

is probably due to the longer duration of diabetes, as in the older age bands the cumulative 

incidence was higher in T1D than T2D, and because no clear difference in the risk by type 

was found among individuals with diabetes once age, sex, and diabetes duration were adjusted 

for (194). The age factor could also be used as an argument that T2D may develop a more 

critical course of COVID-19 infection, as the overall age distribution of individuals with T2D 

is higher. Another study demonstrated that both types of diabetes were related to the severity 

of COVID-19, with a 3-fold increase in the risk of both types compared to individuals with no 

diabetes (85).  

Regarding HbA1c, we did not observe an association between HbA1c levels and COVID-19-

related death, but we identified a relationship between the factor and COVID-19-related 

severity (SRR per 20mmol/mol: 1.12 [95% Cl: 1.01, 1.24]). For severity, 13 studies were 

available, while for death only 4 studies were available. Positive associations between higher 

HbA1c levels and COVID-19-related severity were also observed in population-based studies 

(including also persons without SARS-CoV-2 infection and/or individuals without diabetes) 

(194-196). In detail, compared to people with an HbA1c of 48–53 mmol/mol (6.5–7.0%), 

people with an HbA1c of 86 mmol/mol (10.0%) or higher had an increased relative risk of 

COVID-19-related mortality (HR: 2.23 [95% CI: 1.50, 3.30] in T1D and 1.61 [95% CI: 1.47, 

1.77] in T2D). This indicates that individuals with T1D and high levels of HbA1c are more 

susceptible to adverse COVID-19-related outcomes, perhaps due to impairment of the immune 

system due to hyperglycemia (180). In addition, in people with T2D, COVID-19-related 

mortality was significantly higher in those with an HbA1c of 59 mmol/mol (7.6%) or higher 

than in those with an HbA1c of 48–53 mmol/mol with an increase in the relative risk for 

approximately 22% (HR: 1.22  [95% CI: 1.15, 1.33] for 59–74 mmol/mol (7.6–8.9%) and 35% 

(HR: 1.36 [1.24, 1.50]) for 75–85 mmol/mol (9.0–9.9%) (194).  

Additionally, a dose-response meta-analysis among the general population yielded a linear 

relationship between blood glucose levels and COVID-19-related severity (197), which was 

also observed in our meta-analysis including only persons with diabetes (SRR per 5 mmol/l 
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for COVID-19-related death: 1.15 [95% Cl: 1.01, 1.32], SRR for COVID-19-related severity: 

1.13 [95% Cl: 1.00, 1.29]), both with moderate certainty of evidence). Blood glucose could 

therefore be a sign of poorly controlled diabetes but at the same time an indicator of the 

COVID-19 effect on blood glucose levels. In our meta-results, we identified two studies 

referring to poorly controlled diabetes and COVID-19 outcomes. We observed with low 

certainty of evidence that poorly controlled diabetes was associated with an increased relative 

risk of COVID-19-related death after considering the study with low/moderate risk of bias 

(RR: 7.69 [95% CI: 2.32, 25.52]) (Appendix Fig. 29). The study with a high risk of bias that 

we included in our analysis, indicated, however, a low risk of COVID-19-related death (RR: 

0.63 [95% CI: 0.15, 2.64]) with imprecise results. Similar results were observed for the 

outcome of COVID-19-related severity. There was an indication of heterogeneity of results 

perhaps due to the different laboratory methods of blood glucose measurement. Based on 

another study including individuals with diabetes (171), the survival rate in hospitalized 

patients with T2D with well-controlled blood glucose (glycemic variability within 3.9 to 10.0 

mmol/L) was associated with markedly lower mortality compared to individuals with poorly 

controlled blood glucose (upper limit of glycemic variability exceeding 10.0 mmol/L) (HR: 

0.14 [95% CI: 0.03, 0.6]) during hospitalization. The study of Lazarus et al. (197) indicated 

that the observed associations were also present in patients without a prior history of diabetes.  

Furthermore, in our update of the systematic review, we identified several studies on the 

chronic use of different glucose-lowering drugs, including insulin, metformin, DPP-4 

inhibitors, sulfonylurea/glinides, GLP-1-RA, SGLT-2 inhibitors, thiazolidinediones, and α-

glucosidase inhibitors. Based on our results, insulin was identified as a risk factor for adverse 

COVID-19 outcomes, but metformin use reduced the relative risk of COVID-19-related death 

and severity with moderate to high certainty of evidence. The use of insulin enhanced the risk 

of adverse COVID-19 outcomes with an average increase in the relative risk of 62% (SRR: 

1.62 [95% Cl: 1.13, 2.33]) for COVID-19-related death and 49% (SRR: 1.49 [95% Cl: 1.12, 

1.99]) for COVID-19-related severity. Metformin use was associated with a reduction in the 

relative risk of COVID-19-related outcomes. Associations between insulin prescription and 

mortality were reported in previous observational studies and the relationship could be related 

to the late prescription of insulin during the course of diabetes disease, i.e at a later medical 

management stage (198). A study including individuals with diabetes and COVID-19 infection 

admitted to hospitals in 68 centers spread across France (199) also observed that individuals 

treated with insulin experienced a higher relative risk of COVID-19-related death (OR: 1.44 
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[95% CI: 1.01, 2.06]) and a reduced relative risk when treated with metformin (OR: 0.71 [95% 

CI: 0.54, 0.94]).   

Mostly due to the serious or even very serious risk of bias, inconsistency between studies, and 

imprecise estimates, low certainty of evidence was observed for other glucose-lowering 

medications. For example, the results for DPP-4 inhibitors showed no relationship with 

COVID-19-related severity (SRR: 0.95 [95% Cl: 0.80, 1.14]) or COVID-19-related death 

(SRR: 0.80 [95% Cl: 0.58, 1.11]). Based on Appendix Table 1 and Appendix Table 2, which 

refer to GRADE, inconsistent results were observed between DPP-4 inhibitors and COVID-

19-related severity (I2: 32%) and serious imprecision as well as inconsistency of COVID-19-

related death (I2: 66%). Similarly, no clear associations were observed between SGLT-2 

inhibitors use and COVID-19-related death (SRR: 1.08 [95% CI: 0.56, 2.07]) or COVID-19-

related severity (SRR: 0.79 [95% CI: 0.49, 1.28]) when compared to the non-users of this 

medication.  

A nationwide population study from England (200) observed similar results on glucose-

lowering medications and COVID-19-related death. Differences were observed in SGLT-2 

inhibitors that showed a decreased relative risk of COVID-19-related death (HR: 0.82 [95% 

Cl: 0.74, 0.91]) and a higher relative risk for DPP-4 inhibitors (HR: 1.07 [95% Cl: 1.01, 1.13]). 

The indications for use of DPP-4 inhibitors include older people and particularly people with 

frailty (198). This suggests that it is not the use of DPP-4 inhibitors per se that poses an 

elevated risk for COVID-19-related death but the aging population receiving the drug. At the 

same time, SGLT-2 inhibitors are prescribed to younger patients as these drugs provoke the 

risk of volume depletion, and they are therefore avoided for the elderly (200). Additional 

studies to validate these findings are warranted as possible residual confounding factors could 

have led to these results.  

Alpha-glucosidase inhibitors were not clearly associated with COVID-19-related severity with 

low certainty of evidence as well (SRR: 0.71 [95% CI: 0.24, 2.12]) (Appendix Fig. 30). A 

meta-analysis examining the impact of preadmission use of glucose-lowering medications and 

mortality among patients with COVID-19 in T2D indicated that alpha-glucosidase inhibitors 

were mortality-neutral 0.61 [95% CI: 0.26, 1.45], I2: 77%), indicating that they were not 

associated with an increase or a decrease in the mortality (201).  

 



 
 

91 
 

Laboratory Parameters   

In this update of the living systematic review, we identified that some laboratory markers at 

admission like CRP, AST, eGFR, and lymphocyte count could be identified as predictors of 

COVID-19 outcomes.  

Low lymphocyte count was associated with COVID-19-related death and COVID-19-related 

severity. A decrease in the lymphocyte count by 1x109/L was associated with about 71% 

(SRR: 0.29 [95% Cl: 0.11, 0.75]) increase in the relative risk of COVID-19-related death and 

about 62% (SRR: 0.38 [95% Cl: 0.20, 0.71]) of COVID-19-related severity. The findings of 

other studies were consistent with our results that low lymphocyte count was associated with 

worse COVID-19 outcomes (202). More specifically, the meta-analysis of 28 studies indicated 

that lymphopenia (<1500 lymphocytes/μl) had a threefold higher risk of adverse outcomes 

compared to better outcomes (OR: 3.33 [95% Cl: 2.51, 4.41]) (202).  

Our systematic review and meta-analysis indicated that an increase in CRP levels at admission 

is associated with adverse COVID-19-related death or COVID-19-related severity with 

moderate or high certainty of evidence, respectively. A 5 mg/l increase in CRP levels was 

associated with an increased relative risk by 7% (SRR: 1.07 [95% Cl: 1.02, 1.12]) for COVID-

19-related death and by 6% (SRR: 1.06 [95% Cl: 1.01, 1.11]) for severity. A meta-analysis of 

20 studies including 4843 COVID-19 patients reporting elevated CRP levels (>10 mg/L) on 

outcomes showed that the risk of poor outcomes was nearly fourfold higher in comparison to 

lower CRP levels (OR: 3.97 [95% Cl: 2.89,5.45]) (202).  CRP is a non-specific acute phase 

reactant produced by the liver after induction by IL-6 (202). CRP is used as a biomarker for 

different inflammatory and infectious conditions, therefore elevated CRP levels are directly 

correlated with inflammation and severe disease (202). It is therefore suggested that CRP can 

be an effective and sensitive biomarker in predicting the COVID-19 disease progression (202). 

IL-6 is promptly and transiently produced after infections and tissue injuries, contributing to 

host defense through the stimulation of acute phase responses, haematopoiesis, and immune 

reactions (203).  

eGFR is another factor that was inversely associated with COVID-19 outcomes with high 

certainty of evidence. In our meta-analysis, we observed that low eGFR levels were associated 

with poor COVID-19 outcomes (SRR for COVID-19-related death: 0.78 [95% Cl: 0.64, 0.93], 

SRR for COVID-19-related severity: 0.83 [95% Cl: 0.71, 0.96]) indicating that decreasing 

renal function contributes to worse outcomes. Other studies also suggested that reduced eGFR 

and oliguria are associated with kidney injury and CKD, leading to worse COVID-19 
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outcomes (204). More specifically, the odds of kidney non-recovery was greater for lower 

baseline eGFR, with OR: 2.09 [95% CI: 1.09, 4.04], 4.27 [95% CI: 1.99, 9.17], and 8.69 [95% 

CI: 3.07, 24.55] for baseline GFR 31-60, 16-30, ≤15 mL/min/1.73 m2, respectively, compared 

to eGFR>60 mL/min/1.73 m2.  No references were made in every study we included in our 

analysis regarding the calculation of eGFR. These different methods of eGFR calculation 

could be a possible explanation for the heterogeneity of the results for both COVID-19 

outcomes. 

In detail, renal function can be assessed by the GFR. It describes the flow rate of filtered fluid 

through the kidneys (205) and in principle, GFR is the product of the number of nephrons 

times the average single-nephron GFR (206). In the routine care of patients is vital to measure 

accurate renal function. Kidney disease progression can be determined by the renal function 

status therefore therapeutic measures can be taken to prevent toxic drug accumulation in the 

body (205). The gold standard measurement involves the injection of inulin and its clearance 

by the kidneys (205). It is neither absorbed nor secreted by the renal tubules (207).  

Alternatively, GFR can be calculated using creatinine levels in serum and urine (205). The 

Cockcroft–Gault (CG) equation was then developed to estimate creatinine clearance (207). 

Creatinine clearance is the volume of blood plasma cleared of creatinine per unit time (205). 

It is cost-effective and less time-consuming than the use of inulin for the GFR calculation 

(205). Creatinine is the product of the breakdown of dietary meat and creatinine phosphate 

found in skeletal muscle (205). However, CG uses serum creatinine adjusted for age, weight, 

serum creatinine, and gender (207). With age, there is a change in both renal physiology and 

muscle mass, affecting eGFR calculation and reducing reliability in older patients (207). 

Studies have also shown that creatinine clearance overestimates GFR due to the secretion of 

creatinine from the tubules in normal people (207). Another creatinine-based method of 

calculating eGFR includes the CKD-EPI (CKD Epidemiology Collaboration) equation, which 

allows more accurate measurements and has gained worldwide acceptance for implementation 

into clinical practice (207).  

Moreover, in our updated meta-analyses, we observed that increased levels of AST were 

associated with severe COVID-19-related outcomes. An increase of 5 U/L of AST levels 

increased the relative risk of COVID-19-related severity by 46% (SRR: 1.46 [95% Cl: 1.09, 

1.95]) and of death by 42% (SRR 1.42 [95% Cl: 1.06, 1.90]). Findings of a systematic review 

and meta-analyis on liver enzymes and COVID-19 outcomes are consistent with our results. 

The meta-analysis included 18 studies that reported elevated AST levels (>40 U/L) and 
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outcomes giving a sample size of 6383 patients for evaluation. Yet the associations observed 

in this study were stronger as elevated AST values were associated with nearly a threefold 

more relative risk of poor outcomes in COVID-19 patients (elevated AST (>40 U/L) (SRR: 

2.75 [95% CI: 2.30, 3.29]. Similarly, in a meta-analysis of 13 studies with elevated ALT (>40 

U/L) and outcomes including 6019 patients, it was found a twofold increased likelihood of 

poor outcomes (SRR: 1.71 [95% Cl: 1.32, 2.20]) (202). In our study, we did not observe robust 

results regarding ALT levels and the outcomes.  

 

Comorbidities, Complications, and Other Non-Glucose-Lowering Medication Use 

These new findings indicated that the most prevalent comorbidities, CVD, CKD, and COPD 

are risk factors for the severe course of COVID-19 infection in patients with diabetes. Meta-

analyses and systematic reviews based on the general population observed similar results as 

well (208-211).  

COPD is associated with COVID-19-related death with high certainty of evidence, yet the 

associations with COVID-19-related severity were not clear (SRR for COVID-19-related 

death: 1.31 [95% Cl: 1.17, 1.47], SRR for COVID-19-related severity: 1.18 [95% Cl: 0.95, 

1.48]). After stratification by risk of bias due to confounding, we could observe that studies 

with low/moderate risk of bias due to confounding indicated an increased risk of COVID-19-

related severity (RR: 1.38 [95% CI: 1.19, 1.59]) and studies with a high risk of bias due to 

confounding demonstrated a reduced risk of the outcome (RR: 0.91 [95% CI: 0.58, 1.43]) but 

the latter was characterized by small effect size and imprecise results. A systematic review 

and meta-analysis investigating the relationship between COPD and asthma with in-hospital 

mortality in the general population with COVID-19 found that hospitalized COVID-19 

patients with COPD had a higher relative risk of death compared to those without COPD (OR: 

2.29 [95% CI: 1.79, 2.93]), indicating a stronger association in comparison to our results (209).  

Furthermore, patients with CVD are at a higher risk of developing poor outcomes after 

COVID-19 infection. The findings of our study suggested that they are exposed to around 30% 

higher relative risk for both COVID-19 outcomes with moderate to high certainty of evidence. 

In a meta-analysis including in-hospital patients, except pediatric population, the relative risk 

of developing severe COVID-19 or death was higher in patients with risk factors for CVD 

(hypertension: OR 2.50 [95% CI: 2.15, 2.90]; diabetes 2.25 [95% CI: 1.89,2.69]) and CVD: 

(3.11 [95% Cl: 2.55, 3.79) (208). Therefore, our results are consistent with the associations 

based on the general population.  
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Based on our observations, patients with diabetes and CKD are exposed to a higher risk for 

adverse COVID-19 outcomes (SRR for COVID-19-related death: 1.75 [95% Cl: 1.36, 2.25], 

SRR for COVID-19-related severity: 1.67 [95% Cl: 1.36, 2.05]) with high certainty of 

evidence. In the meta-analysis of Singh et al. (211), the comorbidities CKD, acute kidney 

injury (AKI) and continuous renal replacement therapy (CRRT) utilisation were higher in 

patients with severe COVID-19. More specifically, among critically ill patients with 

comorbidities, the incidence rate of AKI after COVID-19 infection was found to be around 

24% (incidence rate: 0.24 [95% Cl: 0.20, 0.27]).  

In our study, we provided evidence to support that microvascular complications of diabetes 

are risk factors for COVID-19-related death with moderate certainty of evidence (SRR: 1.55 

[95% Cl: 1.08, 2.22]). As explained below, studies including the general population indicated 

similar results (112, 212, 213).   

One common microvascular complication of diabetes is diabetic retinopathy. Our results 

suggested that diabetic retinopathy was associated with an increased relative risk of COVID-

19-related severity (SRR: 2.86 [95% Cl: 0.81, 10.08]) with imprecise results, but not death 

(Appendix Fig. 31). The certainty of evidence for both outcomes was low, suggesting that the 

results are prone to change upon the inclusion of more studies. In the study of Gall (214), 

diabetic retinopathy was associated with the development of diabetic nephropathy and end-

stage renal disease. It is not surprising, then, that diabetic retinopathy frequently coexists with 

extra-retinal microvascular complications (215). Furthermore, diabetic retinopathy is 

associated with an increased risk of CVD and mortality in T1D and T2D (216), implying that 

retinopathy manifests generalised microvascular damage and endothelial dysfunction. A study 

suggested that COVID-19 patients with diabetes, in whom diabetic retinopathy was present, 

experienced a five-fold increased risk of intubation (112), indicating a double risk in 

comparison to our results. However, further studies are warranted to explore the relationship 

between past COVID-19 positivity and changes in diabetic retinopathy.  

Diabetic nephropathy and albuminuria are other examples of microvascular complications of 

diabetes mellitus. Microalbuminuria is defined as a urinary albumin measurement between 20 

and 200mg/L, and macroalbuminuria as >200 mg/L (217). Albuminuria is a risk factor for 

diabetic nephropathy, as well as CVD (217). It was proposed as a manifestation of systemic 

microvascular damage by the Steno hypothesis (218), and thus, it is a useful clinical marker 

of generalised endothelial dysfunction and microvascular damage in the course of diabetes 

disease (219). When compared to non-diabetic individuals with CKD, individuals with 
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diabetic nephropathy have a higher risk of developing severe COVID-19 outcomes (213), 

reflected in the negative linear relationship between eGFR and adverse outcomes (220). Our 

results therefore correlate with the observations of studies based on the general population.  

Peripheral neuropathy is another complication of diabetes mellitus with microvascular 

involvement. However, due to the lack of studies examining the impact of peripheral 

neuropathy on COVID-19 outcomes, we were not able to analyse the relationship between 

these factors in our current version of systematic review.   

The findings of our study indicated that individuals with diabetes and hypertension were more 

vulnerable to COVID-19-related severity with high certainty of evidence and more specifically 

they had 28% (SRR: 1.28 [95% Cl: 1.13, 1.44]) higher relative risk of developing adverse 

outcomes. However, we did not observe any associations with COVID-19-related death. A 

meta-analysis of 186 studies representing more than a million patients with COVID-19 

observed similar associations (175). Patients with COVID-19 and hypertension had more than 

40% increased relative risk of death after COVID-19 infection compared to individuals with 

no hypertension (SRR: 1.42 [95% CI: 1.30, 1.54], n=127, low certainty of evidence) (190).  

Furthermore, we observed that dementia in individuals with diabetes is a risk factor for 

COVID-19-related death with moderate certainty of evidence. Dementia was associated with 

a SRR of 76% for a worse outcome after COVID-19 infection (SRR: 1.76 [95% Cl: 1.21, 

2.58]). Individuals with dementia are susceptible to serious COVID-19 outcomes, once 

infected with the disease, as confirmed in a study with the general population (221).  

It is well established that the comorbidities of patients are associated with worse clinical 

outcomes after COVID-19 infection, as explained in the above section. Therefore, it remains 

crucial to use a tool as a thorough assessment of comorbidities to evaluate the risk of patients 

infected with COVID-19. The Charlson Comorbidity Index (CCI) is a simple, validated, and 

widely used method of estimating the risk of death from a comorbid disease that has been used 

as a predictor of long term prognosis and survival (222). CCI was originally created to predict 

death within one year of hospitalisation. Scores are based on a number of comorbidities, each 

of which is assigned a weighted integer ranging from one to six based on the severity of the 

morbidity (223). Higher CCI was associated with increased mortality and disease severity after 

COVID-19 infection. It is found that CCI score above 0 was associated with an increased 

disease severity and death when controlled for age and sex (224). 

In our study, we observed that for each increase in CCI, the relative risk of COVID-19-related 

death increased by 33% (SRR: 1.33 [95% Cl: 1.13, 1.57]; n=2). General-population-based 
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scores suggested similar results to our results, and more specifically the rate of comorbidities 

like hypertension, CVD, COPD had strong associations with the severity and prognosis of 

COVID-19 (225). In the context of the COVID-19 outbreak, CCI scoring can be very useful 

in forecasting the need for ICU admission, respiratory support, or the likelihood of hospital 

readmission. Adequate treatment should not be delayed especially in people with 

comorbidities, as they are exposed to a higher risk of developing a more severe course of the 

disease. In order to plan comprehensive treatment and allocate valuable resources to 

individuals with higher risk, it is critical to identify them upon hospital admission using 

clinical scores like CCI.  

 

Non-Glucose-Lowering Medication  

The last category explored in our study was the use of non-glucose-lowering medications as 

risk factors of adverse COVID-19 outcomes. The chronic use of statins suggested an increase 

in the relative risk of COVID-19-related death by 31% with moderate certainty of evidence 

(SRR: 1.31 [95% Cl: 0.88, 1.95]; n=6). In a meta-analysis of observational studies, it was 

suggested that no clear reductions were observed in either in-hospital mortality (OR: 0.97 

[95% CI: 0.92, 1.03]) or COVID-19 severity (OR: 1.09 [95% CI: 0.99, 1.22]) among statin 

users compared to non-users (226). On the other hand, findings from another systematic 

review and meta-analysis observed that in-hospital statin use led to a significant reduction of 

all-cause mortality in COVID-19 cases (OR: 0.54 [95% CI: 0.50, 0.58]) (227). Therefore, the 

current state of findings is controversial regarding the beneficial or detrimental effect of 

chronic statin use, indicating that further research is warranted for more robust results.  

Another non-glucose-lowering drug that led to an increase in the risk of worse COVID-19 

outcomes was the chronic use of ASA, aspirin. ASA was associated with both COVID-19-

related death and severity with moderate and high certainty of evidence respectively (SRR for 

COVID-19-related death: 2.47 [95% Cl: 1.41, 4.31], SRR for COVID-19-related severity: 

2.25 [95% Cl: 1.89, 2.67]). The heterogeneity of the results for COVID-19-related death was 

around 80% but for COVID-19-related severity 20%. Studies based on the general population 

suggested that the use of non-steroidal anti-inflammatory drugs (NSAIDs) like ASA can lead 

to the progression of pulmonary infections (228). Similar outcomes were also observed in a 

small group of young individuals taking NSAIDs for COVID-19 symptoms (229). Experts in 

the UK suggested that prolonged illness or complications of respiratory infections may be 
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more common under NSAIDs medication and respiratory, septic, and cardiovascular 

complications (229).   

Interestingly, the results regarding RAAS inhibitors show some discrepancies. We identified 

11 studies on COVID-19-related death and 20 studies on severity. No clear relationship was 

observed with low certainty of evidence (SRR for COVID-19-related death: 0.93 [95% Cl: 

0.72, 1.21]), SRR for COVID-19-related severity: 1.03 [95% Cl: 0.83, 1.28]). Nonetheless, in 

a meta-analysis after stratification by risk of bias due to confounding, we found an inverse 

association for renin inhibitor use with COVID-19 outcomes in studies with low/moderate risk 

(RR for COVID-19-related death: 0.80 [95% Cl: 0.67, 0.97], RR for COVID-19-related 

severity: 0.80 [95% Cl: 0.64, 1.00], yet an increased risk in studies with a high risk of bias due 

to confounding (RR for COVID-19-related death: 1.52 [95% Cl: 0.81, 2.86], RR for COVID-

19-related severity: 1.45 [95% Cl: 1.07, 1.98]). The findings at the general population level 

also indicated a lower relative risk for chronic use with COVID-19-related severity (OR: 0.68 

[95% CI: 0.53, 0.88]), supporting our findings in studies after adjustment for important 

confounders (230).  

 

Potential Mechanisms of Higher Vulnerability Between Diabetes Phenotypes 

and Adverse COVID-19 Outcomes  

A common pathway between diabetes and COVID-19 infection is the body’s inflammatory 

state. Diabetes, a chronic inflammatory condition, is characterized by metabolic and vascular 

dysfunction, likely contributing to the increased susceptibility to infection. Possible 

mechanisms involve the raising of blood glucose levels, triggering oxidative stress and 

subclinical inflammation, as well as the ACE2 binding on acinar cells and tissue damage. 

Moreover, hyperglycemia limits lymphocyte proliferation, exacerbating the infection (231). 

Through the release of glucocorticoids and catecholamines, SARS-CoV-2 infection raises 

stress and glucose levels in diabetic patients as well as insulin resistance contributing to the 

weakening of the immunological response and perhaps raising the infection risk (232). The 

figure below (Fig. 32) demonstrates the COVID-19 mechanism of action in individuals with 

diabetes (231).  
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COVID-19 Mechanism of Action in Individuals with Diabetes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 32: A: Mechanism of action of Coronavirus disease 2019 (COVID-19) in diabetes. ACE2, angiotensin-

converting enzyme 2; AGE, advanced glycation end products; ANG 2, angiotensin 2; ARDS, acute respiratory 

distress syndrome; ROS, reactive oxygen species. B: Potential inflammatory mechanisms of severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) in individuals with type 2 diabetes (T2D). CCL2, C-C motif 

chemokine ligand 2/monocyte chemotactic protein-1; CXCL-10, C-X-C motif chemokine 10; IFNγ, interferon-γ; 

TMPRSS2, transmembrane serine protease 2; TNF-α, tumor necrosis factor-α – modified by Narasimhulu et al 
(231) 
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In our systematic review and meta-analysis, we identified several risk factors in individuals 

with diabetes contributing to worse COVID-19 outcomes. High blood glucose in diabetes 

deregulates the immune system, leading to elevated ACE2 for viral binding and furin levels 

for viral entry, reduced T cell function, or lymphopenia (233). These factors could lead to 

cytokine storm, impaired macrophage function, as well as increased coagulation on the 

endothelial level and reduced viral clearance (212). Therefore, high blood glucose, high 

HbA1c levels, and poor glycaemic control are associated with the impaired host defenses of 

our immune system, increased hospitalisation, and severity of infectious diseases amplifying 

hyperimmune responses post-COVID-19 infection (195). 

The increasing proportion of COVID-19 patients presenting with hyperglycemia despite the 

absence of a diabetes diagnosis is an indication either of previously undiagnosed diabetes or 

for the bidirectional relationship between COVID-19 and diabetes (234). Insulin receptor 

signaling could be affected by enhanced angiotensin II actions due to ACE2 down-regulation 

after viral entry (234). SARS-CoV-2 binding to ACE2 receptors on pancreas cells could 

induce acute diabetes (235). Patients with diabetes and SARS-CoV-2 - ACE2 interaction 

experience damage and hypoglycemia, which increases platelet activity and proinflammatory 

monocyte movement, all of which are related to cardiovascular problems (236, 237). In detail, 

the cardiovascular system is under stress through the initial lung immune responses causing 

vessel dilation, endothelial permeability, and leucocytopenia, making CVD patients more 

susceptible to adverse COVID-19 outcomes (208).  

A study suggested that the organ involvement of SARS-CoV-2 correlated with organ 

expression of ACE2 (235). Organs abundant with ACE2 were lung, kidney, heart, and islets 

of the pancreas. Pancreatic islets exhibited abundant ACE2, suggesting an impact on the 

endocrine function, leading to acute diabetes. This could therefore cause acute impairment in 

insulin secretion, possibly triggered by a plethora of pro-inflammatory cytokines like IL-6 

damaging pancreatic β-cells. Many other viruses such as enteroviruses, Coxsackie B virus, 

retroviruses, rubella, mumps, cytomegalovirus, Epstein-Barr and varicella zoster virus have 

been also implicated in the development of T1D in humans (238).  

A factor that was observed in our meta-analysis and is suggested to initiate a series of reactions 

that block ACE2, thereby leading to virus penetration inhibition (239) is metformin, a first-

line medication for managing hyperglycemia in T2D (240). Metformin’s anti-inflammatory 

effects are believed to mitigate obesity-induced inflammation that is associated with lower 

levels of the anti-inflammatory cytokine IL10, favourably influencing the clinical outcomes 
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after COVID-19 infection (241). Some mechanisms discussed include increasing levels of 

IL10 (240), improved glucose control (242), reduction in insulin resistance (243), and 

reduction in body weight (244).  

Obesity exacerbates the inflammatory state in individuals with diabetes, exacerbating 

pronounced inflammation driven by elevated cytokine levels like IL-6 and TNF-α (245, 246). 

The humoral system's immediate defense responses against pathogens are weakened (233), 

and interferon-gamma production by T lymphocytes is compromised due to increased glycated 

end-products (247). A restrictive pulmonary pattern and reduced lung volume, indicating 

reduced lung capacity, along with diminishing cardiorespiratory reserves, as well as vascular 

endothelial dysfunction, potentially increasing the risk of excessive pulmonary vascular injury 

following COVID-19 infection are observed in obese individuals (248).  

Endothelial dysfunction, a common diabetes-related complication, involves altered vasomotor 

tone, procoagulant state promotion, increased vessel permeability, and abnormal cytokine 

expression (212). The endothelium is the innermost lining of blood vessels and functions as a 

paracrine organ, controlling vascular homeostasis through factor secretion while also 

influencing vascular tone, platelet aggregation, local responses to inflammation, and 

angiogenesis (212). Microvascular complications may contribute to worse COVID-19 

outcomes.  

The pulmonary vasculature appears to be a site of diabetic microvascular damage (249), 

reducing physiological reserve for oxygenation (212) and people with diabetes are more likely 

to develop respiratory problems like asthma, fibrosis, and COPD (250). It is suggested that 

pre-existing endothelial dysfunction and microvascular disease in diabetes could exacerbate 

vascular insults during COVID-19 infection (212). COPD, linked to irreversible airway 

obstruction and often caused by smoking, is a significant comorbidity associated with severe 

COVID-19 infections (209). The higher mortality noted in individuals with COPD could be 

related to increased comorbidities (251) and smoking, which is considered to be an up-

regulator of the ACE2 receptor, facilitating SARS-CoV-2 adhesion (252). The genes 

associated with ACE2 expression were more likely to be present in individuals with COPD, 

possibly related to inflammatory signaling (253).  

Direct invasion of immune cells due to ACE2 expression (254) as well as the association of 

elevated cytokines to lymphocyte-induced apoptosis (255) explain the lymphocyte 

involvement in the course of COVID-19 disease. Low lymphocyte count, particularly a 
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decrease in CD4+ T helper cells and CD8+ cytotoxic T lymphocytes was associated with 

adverse COVID-19 outcomes correlated with disease progression (256).  

Other immune cells like neutrophils are also associated with worse infection as their function 

is affected by NSAIDs like ASA. As a result, the clearance of bacteria and inflammation 

resolution can be delayed and pulmonary complications like pleural empyema, excavation, 

and abscess were enhanced (257). Experts in the UK suggested prolonged illness or 

complications of respiratory infections under NSAID medication, possibly due to the anti-

inflammatory properties, thus slowing down the recovery process (229). On the other hand, 

ASA, with anti-inflammatory and antithrombotic effects, could be useful against COVID-19. 

Bianconi’s study (258) suggested that ASA’s anti-inflammatory mechanisms involve COX 

enzymes acetylation and NF-κB proinflammatory pathway suppression, addressing viral-

induced inflammation. ASA’s antithrombotic effects through inhibition of platelet generation 

by TXA2, a potent vasoconstrictor, and a stimulator of platelet reactivity, counteract the 

detrimental activity of COVID-19 of hypercoagulability and platelet aggregability (258).  

As previously mentioned, the cytokine storm is a hallmark of severe COVID-19. Autonomic 

neuropathy in diabetes is associated with impaired negative feedback of the inflammatory 

response, therefore contributing to the excessive COVID-19 inflammation. However, further 

studies investigating this association are required to confirm the hypothesis (259).  

Based on evidence, the risk of COVID-19-related neurological complications can be enhanced 

especially in individuals with pre-existing neurological deficits, for example by more specific 

mechanistic aspects of dementia (260). A study using data of the UK Biobank, in particular, 

found that individuals who are homozygous for APOE 4 experienced a more than twofold risk 

of COVID-19-related hospitalisation than individuals with the most common APOE 3/3 

genotype (260). APOE 4 is associated with increased blood-brain barrier permeability leading 

to a more extensive CNS inflammation in response to SARS-CoV-2 infection. APOE4 is 

known to exacerbate microglia-mediated neuroinflammation and neurogeneration (261). 

Furthermore, APOE 4 has been linked to increased cytokine production in response to 

inflammatory stimuli, which may exacerbate the already inflammatory response associated 

with COVID-19, resulting in a cytokine storm, and in turn lung damage, multi-organ failure, 

and severe COVID-19 outcomes (261).  

Furthermore, cytokine storm can lead to tissue injury, including liver damage with elevated 

AST and ALT levels (262). Liver dysfunction is likely due to secondary damage from systemic 
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inflammation, the use of hepatotoxic drugs like ritonavir, and COVID-19-related hypoxia 

((202), (263)).  

Although COVID-19 primarily affects the lungs, kidneys are also found to be affected, 

particularly in patients with CKD due to their persistent proinflammatory state (45). The 

cellular components ACE2, TMPRSS2, and cathepsin L (CTSL), essential for virus entry, are 

highly expressed in kidneys (264). Especially IL-6 is speculated to lead to renal inflammation, 

increased vascular permeability, and volume depletion (265). The upregulation of IL-6 after 

injured renal tubular epithelium in AKI is associated with lung-kidney bidirectional damage, 

leading to higher alveolar-capillary permeability and pulmonary hemorrhage (266). ARDS 

may also promote renal medullary hypoxia, which in turn insults tubular cells (266). As a 

result, GFR reduction occurs due to renal vein congestion, hypotension, and renal 

hypoperfusion (265).  

As demonstrated in Fig. 32, COVID-19 infection can deregulate clotting cascades, leading to 

extensive microthrombosis in coronary and pulmonary circulation (267). These mechanisms 

may contribute to endothelial dysfunction in hypertension (268), potentially predisposing to 

severe COVID-19 (269). Guzik’s study suggests an association between hypertension, CD8+ 

T cell dysfunction, inefficient viral combat, cytokine overproduction, and a potential 

association with COVID-19 (270). 

RAAS inhibitors, which include ACE inhibitors and ARBS, represent the backbone of the 

treatment of hypertension, and upregulate ACE2, the cell-entry target of SARS-CoV-2 (269), 

raising concern for increased susceptibility to adverse COVID-19 outcomes (271). It has been 

also observed that statins increase the cellular expression of ACE2 (272). Evidence supports 

that ACE2 is not upregulated in nasal ciliary cells of patients who received RAAS inhibitors 

(273). ACE2 reduces inflammation in lung diseases, diabetes, and hypertension, while its 

polymorphisms linked to these conditions warrant further investigation for increased COVID-

19 risk (271). No clear associations with outcomes were observed in our RAAS inhibitor 

observations. Stratification by risk of bias suggested a decreased COVID-19 relative risk in 

low/moderate bias studies. In more detail, RAAS, critical in maintaining vascular tone and 

regulating pressure, involves renin, angiotensin, and aldosterone (44). Renin hydrolyses liver-

secreted protein angiotensinogen to angiotensin I. ACE converts Ang I into Ang II, which has 

a vasoconstrictive role on all blood vessels (44). ACE2 is the only known human homologue 

of ACE and it is able to convert Ang II to Ang- (1-7), which opposes the pressor, proliferative, 

and profibrotic functions of Ang II (44).   
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RAAS, and particularly its key effector Ang II, therefore play a critical role in hypertension 

development, contributing to endothelial dysfunction, oxidative stress, and inflammation 

(274). RAAS inhibitors activate protective axes, including the activation of ACE2, and the 

activation of the type 2 Ang II receptor (AT2R), which exerts a protective role in the 

cardiovascular system through vasodilation and NO production (275). These mechanisms 

produce anti-proliferative, anti-inflammatory, and anti-remodeling effects (275). In a cohort 

of hospitalised COVID-19 patients, the ARB telmisartan reduced the CRP levels, ICU 

admission, and time to death compared to usual care (276). According to the evidence-based 

viewpoint of Cappuccio, neither ACE inhibitors nor ARBS are associated with severe COVID-

19 infection (277).  

 

Strengths and Limitations  

The doctoral thesis has several strengths and limitations that will be discussed in the following 

section. Firstly, our study is the most comprehensive report focusing only on individuals with 

diabetes infected with SARS-CoV-2 and investigates a broad spectrum of risk phenotypes. 

We registered a protocol for our study. The literature search and screening, the data extraction, 

and the evaluation of the risk of bias, and the certainty of evidence were conducted 

independently by two researchers. A large amount of data from four different literature 

databases was reviewed and thoroughly evaluated. The assessment of the risk of bias of the 

included studies using the validated QUIPS tool, as well as the certainty of evidence using the 

GRADE tool allowed us to examine the trustworthiness of the results.  

However, it remains possible that some factors may have affected our results, thus, the 

limitations of our study have to be acknowledged and warrant consideration. Given the nature 

of our study, we cannot infer causality from our results since the design of our study is 

observational. Moreover, some data were collected from studies that were rated as high risk 

of bias (37%), mainly due to inadequate adjustment and selection of confounders. After 

stratification of all meta-analyses by adjustment status, our findings were robust, except for 

some factors like haemoglobin and renin inhibitor use as described above. Inconsistent and 

imprecise meta-analyses were detected as a result of the influence of the risk of bias and the 

high heterogeneity of the studies. Another limitation is the lack of consideration of COVID-

19 treatment, which could possibly affect our results. Since the beginning of the pandemic, 

tremendous research has been conducted on the possible prevention of a severe phase of 

COVID-19 infection. Vaccination trials have reached their maximum during the pandemic to 
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provide the best possible prevention plan for the uncontrollable spread of the disease. 

However, in 2020, in which most of the studies included in our project were published, most 

of the individuals did not receive any vaccination. As a result, we were unable to take into 

account the effect of vaccination on COVID-19 outcomes. Furthermore, we obtained 

information on drug prescriptions, but there is no guarantee of patient adherence to chronic 

treatment. Hence, the effect of non-adherence in our results is difficult to measure. 

Additionally, the majority of our studies were conducted in a hospital setting, signifying the 

severity of the course of the disease. As a result, it is difficult to transfer the findings to patients 

with diabetes with a milder course of COVID-19 infection, who did not receive any hospital 

treatment. The results may not represent all of the infected population, especially the 

asymptomatic cases. Individuals who were asymptomatic after SARS-CoV-2 infection may 

have not been tested for the virus, therefore it was not possible to include all infected 

individuals with diabetes in the study. Another aspect that could not be addressed in the meta-

analysis is the fact that SARS-CoV-2 evolved over time, and certain results could in theory 

also depend on the pathogeneity of the virus strain, which was probably worse in the first year 

of the pandemic than later. As for the risk phenotypes investigated with a comparatively 

smaller sample of studies, we are highly supportive of ongoing research to generate more data 

and decipher the interaction between risk phenotypes and COVID-19 with a higher certainty 

of evidence.  

 

Future Clinical Relevance  

In view of these results, effective management of diabetes and COVID-19 infection requires 

the appreciation by both clinicians and policymakers that care has to take into account the 

complexity of the chronic disease and possible adverse outcomes after COVID-19 infection. 

It is likely that it is not diabetes per se, but the comorbidities of individuals with diabetes, 

along with the infection with COVID-19, which induce systemic inflammatory reactions that 

lead to adverse COVID-19 outcomes. Policymakers in each country should be guided to target 

individuals with diabetes who are exposed to a higher risk of worse COVID-19 outcomes and 

set priorities when it comes to preventive measures and disease management therapies. For 

example, for the vaccination programs, risk phenotypes of individuals with diabetes should be 

a guide to identify the vulnerable groups and prioritise these patients for early vaccination. 

There should also be increased vigilance in clinics with diabetes patients and the threshold of 

testing for COVID-19 should be lowered.  
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Furthermore, the entire world was dealing with the major challenge of the mismatch of 

resources in supply and demand to provide adequate medical support to individuals suffering 

from severe COVID-19 infection. Hence, it is crucial to maximise the production of medical 

equipment to conserve supplies, provide useful frameworks for enhancing COVID-19 care, 

and critically evaluate the overall patients’ conditions to provide the available resources firstly 

to vulnerable individuals like individuals with diabetes and comorbidities. Any patient with 

diabetes, who has also comorbidities, should be seriously considered after COVID-19 

infection as they need extra monitoring and their individual threshold for hospital admission 

and ICU is lowered (4). Moreover, healthcare systems should focus on the management of 

diabetes to stabilise the disease progression, thus reducing their vulnerability to adverse 

COVID-19 outcomes in case of infection. As for older individuals with diabetes, there is a 

need for closer interactions between specialists of geriatric individuals and primary care (198). 

This additional expertise in the multidisciplinary team should be beneficial for balancing the 

progression of multiple comorbidities, prescribing appropriate medication to counteract any 

possible negative interactions, and controlling any complications after COVID-19 infection. 

For our future update, some factors mentioned above like antihypertensive treatment and 

microvascular complications could be potential risk factors for further investigation. 

 

Conclusion  

Finally, the updated version of this living systematic review and meta-analysis provides insight 

into the associations between diabetes risk phenotypes and COVID-19 severity and death. The 

overall risks of fatal or critical COVID-19 infection in individuals with diabetes were 

substantially elevated in those with male sex, older age, and obesity, as well as higher HbA1c 

levels, and high blood glucose at admission were associated with COVID-19 endpoints with 

high certainty of evidence. Regarding medications, chronic use of insulin and metformin 

(inversely), the use of statins and acetylsalicylic acid was also associated with COVID-19-

related death and severity. The presence of pre-existing comorbidities such as CVD, CKD, 

COPD, microvascular complications, dementia/cognitive impairments, a comorbidity index, 

hypertension, and the high levels of the laboratory markers CRP and AST, low eGFR, and low 

lymphocyte count at admission were all associated with a more severe COVID-19 infection in 

individuals with diabetes and confirmed SARS-CoV-2 infection. These findings add to the 

body of knowledge and have important implications for people with diabetes to reinforce the 

consensus that some risk phenotypes of diabetes can lead to an acute life-threatening condition 

in combination with COVID-19 infection. Our findings can be used to launch international 
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guidance on the identification of vulnerable individuals with diabetes with COVID-19 

infection and can be the stimulus to identify the lack of resources within healthcare systems 

and set collaborative targets.  

 



 
 

107 
 

 

Chapter 5 – References  

 

1. Schlesinger S, Neuenschwander M, Lang A, Pafili K, Kuss O, Herder C, et al. Risk phenotypes 
of diabetes and association with COVID-19 severity and death: a living systematic review and meta-
analysis. Diabetologia. 2021;64(7):1480-91. 
2. Organisation WH. WHO Coronavirus (COVID-19) Dashboard 2024 [updated 
28.01.202401.02.2024]. Available from: https://covid19.who.int/. 
3. Mantovani A, Byrne CD, Zheng MH, Targher G. Diabetes as a risk factor for greater COVID-
19 severity and in-hospital death: A meta-analysis of observational studies. Nutr Metab Cardiovasc 
Dis. 2020;30(8):1236-48. 
4. Kumar A, Arora A, Sharma P, Anikhindi SA, Bansal N, Singla V, et al. Is diabetes mellitus 
associated with mortality and severity of COVID-19? A meta-analysis. Diabetes & Metabolic 
Syndrome: Clinical Research & Reviews. 2020;14(4):535-45. 
5. Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, Desai P, et al. Comorbidity and its 
Impact on Patients with COVID-19. SN Compr Clin Med. 2020;2(8):1069-76. 
6. Fox T, Ruddiman K, Lo KB, Peterson E, DeJoy R, 3rd, Salacup G, et al. The relationship 
between diabetes and clinical outcomes in COVID-19: a single-center retrospective analysis. Acta 
Diabetol. 2021;58(1):33-8. 
7. Petersmann A, Muller-Wieland D, Muller UA, Landgraf R, Nauck M, Freckmann G, et al. 
Definition, Classification and Diagnosis of Diabetes Mellitus. Exp Clin Endocrinol Diabetes. 
2019;127(S 01):S1-S7. 
8. Federation ID. Diabetes facts & figures 2021 [updated 09.12.202127.04.2023]. Available 
from: https://www.idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html. 
9. Organisation WH. Diabetes 2022 [updated 16.09.2022 16.01.2023]. Available from: 
https://www.who.int/news-room/fact-sheets/detail/diabetes. 
10. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epidemiology of Type 2 
Diabetes – Global Burden of Disease and Forecasted Trends. Journal of Epidemiology and Global 
Health. 2019;10(1):107. 
11. Rahman MS, Hossain KS, Das S, Kundu S, Adegoke EO, Rahman MA, et al. Role of Insulin in 
Health and Disease: An Update. Int J Mol Sci. 2021;22(12). 
12. Syed FZ. Type 1 Diabetes Mellitus. Ann Intern Med. 2022;175(3):ITC33-ITC48. 
13. Gillespie KM. Type 1 diabetes: pathogenesis and prevention. CMAJ. 2006;175(2):165-70. 
14. Primavera M, Giannini C, Chiarelli F. Prediction and Prevention of Type 1 Diabetes. Front 
Endocrinol (Lausanne). 2020;11:248. 
15. Scheen AJ. Pathophysiology of type 2 diabetes. Acta Clin Belg. 2003;58(6):335-41. 
16. Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB, et al. 
Pathophysiology of Type 2 Diabetes Mellitus. Int J Mol Sci. 2020;21(17). 
17. Landgraf R, Aberle J, Birkenfeld AL, Gallwitz B, Kellerer M, Klein H, et al. Therapy of Type 2 
Diabetes. Exp Clin Endocrinol Diabetes. 2019;127(S 01):S73-S92. 
18. Association AD. Understanding A1C  [02.08.2023]. Available from: 
https://diabetes.org/about-diabetes/diagnosis. 
19. Maahs DM, West NA, Lawrence JM, Mayer-Davis EJ. Epidemiology of Type 1 Diabetes. 
Endocrinology and Metabolism Clinics of North America. 2010;39(3):481-97. 
20. Rewers M, Stene LC, Norris JM. Risk Factors for Type 1 Diabetes. In: Cowie CC, Casagrande 
SS, Menke A, Cissell MA, Eberhardt MS, Meigs JB, et al., editors. Diabetes in America. 3rd ed. 
Bethesda (MD) interest.2018. 
21. Wu Y, Ding Y, Tanaka Y, Zhang W. Risk factors contributing to type 2 diabetes and recent 
advances in the treatment and prevention. Int J Med Sci. 2014;11(11):1185-200. 
22. Kolb H, Martin S. Environmental/lifestyle factors in the pathogenesis and prevention of type 
2 diabetes. BMC Med. 2017;15(1):131. 

https://covid19.who.int/
https://www.idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://diabetes.org/about-diabetes/diagnosis


 
 

108 
 

23. Schlesinger S, Neuenschwander M, Ballon A, Nothlings U, Barbaresko J. Adherence to 
healthy lifestyles and incidence of diabetes and mortality among individuals with diabetes: a 
systematic review and meta-analysis of prospective studies. J Epidemiol Community Health. 
2020;74(5):481-7. 
24. Neuenschwander M, Ballon A, Weber KS, Norat T, Aune D, Schwingshackl L, et al. Role of 
diet in type 2 diabetes incidence: umbrella review of meta-analyses of prospective observational 
studies. BMJ (Clinical research ed). 2019;366:l2368. 
25. Liu S, Manson JE, Stampfer MJ, Hu FB, Giovannucci E, Colditz GA, et al. A prospective study 
of whole-grain intake and risk of type 2 diabetes mellitus in US women. Am J Public Health. 
2000;90(9):1409-15. 
26. Neuenschwander M, Barbaresko J, Pischke CR, Iser N, Beckhaus J, Schwingshackl L, et al. 
Intake of dietary fats and fatty acids and the incidence of type 2 diabetes: A systematic review and 
dose-response meta-analysis of prospective observational studies. PLoS Med. 
2020;17(12):e1003347. 
27. Stringhini S, Zaninotto P, Kumari M, Kivimaki M, Batty GD. Lifecourse socioeconomic status 
and type 2 diabetes: the role of chronic inflammation in the English Longitudinal Study of Ageing. 
Sci Rep. 2016;6:24780. 
28. Drivsholm T, de Fine Olivarius N, Nielsen AB, Siersma V. Symptoms, signs and complications 
in newly diagnosed type 2 diabetic patients, and their relationship to glycaemia, blood pressure and 
weight. Diabetologia. 2005;48(2):210-4. 
29. Siperstein MD. Diabetic ketoacidosis and hyperosmolar coma. Endocrinol Metab Clin North 
Am. 1992;21(2):415-32. 
30. Sagoo MK, Gnudi L. Diabetic Nephropathy: An Overview. Methods Mol Biol. 2020;2067:3-7. 
31. Feldman EL, Callaghan BC, Pop-Busui R, Zochodne DW, Wright DE, Bennett DL, et al. 
Diabetic neuropathy. Nat Rev Dis Primers. 2019;5(1):42. 
32. Lin KY, Hsih WH, Lin YB, Wen CY, Chang TJ. Update in the epidemiology, risk factors, 
screening, and treatment of diabetic retinopathy. Journal of diabetes investigation. 
2021;12(8):1322-5. 
33. Cheng R, Taleb N, Stainforth-Dubois M, Rabasa-Lhoret R. The promising future of insulin 
therapy in diabetes mellitus. American journal of physiology Endocrinology and metabolism. 
2021;320(5):E886-E90. 
34. Pfeiffer AF, Klein HH. The treatment of type 2 diabetes. Dtsch Arztebl Int. 2014;111(5):69-
81; quiz 2. 
35. Scheen AJ. Metformin and COVID-19: From cellular mechanisms to reduced mortality. 
Diabetes Metab. 2020;46(6):423-6. 
36. Orsini Federici M, Gentilella R, Corcos A, Torre E, Genovese S. Changing the approach to 
type 2 diabetes treatment: A comparison of glucagon‐like peptide‐1 receptor agonists and 
sulphonylureas across the continuum of care. Diabetes/Metabolism Research and Reviews. 
2021;37(7). 
37. Solun B, Marcoviciu D, Dicker D. Dipeptidyl peptidase-4 inhibitors and their effects on the 
cardiovascular system. Curr Cardiol Rep. 2013;15(8):382. 
38. Monami M, Ahren B, Dicembrini I, Mannucci E. Dipeptidyl peptidase-4 inhibitors and 
cardiovascular risk: a meta-analysis of randomized clinical trials. Diabetes Obes Metab. 
2013;15(2):112-20. 
39. Tzoulaki I, Molokhia M, Curcin V, Little MP, Millett CJ, Ng A, et al. Risk of cardiovascular 
disease and all cause mortality among patients with type 2 diabetes prescribed oral antidiabetes 
drugs: retrospective cohort study using UK general practice research database. BMJ (Clinical 
research ed). 2009;339:b4731. 
40. Defronzo RA, Inzucchi S, Abdul-Ghani M, Nissen SE. Pioglitazone: The forgotten, cost-
effective cardioprotective drug for type 2 diabetes. Diabetes and Vascular Disease Research. 
2019;16(2):133-43. 
41. Xu J, Rajaratnam R. Cardiovascular safety of non-insulin pharmacotherapy for type 2 
diabetes. Cardiovascular Diabetology. 2017;16(1). 



 
 

109 
 

42. Cucinotta D, Vanelli M. WHO Declares COVID-19 a Pandemic. Acta Biomed. 2020;91(1):157-
60. 
43. Organisation WH. Coronavirus disease (COVID-19)  [08.01.2023]. Available from: 
https://www.who.int/health-topics/coronavirus#tab=tab_1. 
44. Amirfakhryan H, Safari F. Outbreak of SARS-CoV2: Pathogenesis of infection and 
cardiovascular involvement. Hellenic journal of cardiology : HJC = Hellenike kardiologike 
epitheorese. 2021;62(1):13-23. 
45. Benedetti C, Waldman M, Zaza G, Riella LV, Cravedi P. COVID-19 and the Kidneys: An 
Update. Front Med (Lausanne). 2020;7:423. 
46. Jackson CB, Farzan M, Chen B, Choe H. Mechanisms of SARS-CoV-2 entry into cells. Nature 
Reviews Molecular Cell Biology. 2022;23(1):3-20. 
47. Shi Y, Wang Y, Shao C, Huang J, Gan J, Huang X, et al. COVID-19 infection: the perspectives 
on immune responses. Cell Death &amp; Differentiation. 2020;27(5):1451-4. 
48. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 
2019 novel coronavirus in Wuhan, China. Lancet (London, England). 2020;395(10223):497-506. 
49. Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L, et al. Relationships among lymphocyte subsets, 
cytokines, and the pulmonary inflammation index in coronavirus (COVID‐19) infected patients. 
British Journal of Haematology. 2020;189(3):428-37. 
50. Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al. Reduction and Functional Exhaustion of T 
Cells in Patients With Coronavirus Disease 2019 (COVID-19). Front Immunol. 2020;11:827. 
51. McCullough PA, Kelly RJ, Ruocco G, Lerma E, Tumlin J, Wheelan KR, et al. Pathophysiological 
Basis and Rationale for Early Outpatient Treatment of SARS-CoV-2 (COVID-19) Infection. Am J Med. 
2021;134(1):16-22. 
52. Institut RK. Epidemiologischer Steckbrief zu SARS-CoV-2 und COVID-19 2021 [updated 
26.11.202118.1.2023]. Available from: 
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Steckbrief.html. 
53. van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, et al. 
Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med. 
2020;382(16):1564-7. 
54. Rabaan AA, Tirupathi R, Sule AA, Aldali J, Mutair AA, Alhumaid S, et al. Viral Dynamics and 
Real-Time RT-PCR Ct Values Correlation with Disease Severity in COVID-19. Diagnostics (Basel). 
2021;11(6). 
55. Rao SN, Manissero D, Steele VR, Pareja J. A Systematic Review of the Clinical Utility of Cycle 
Threshold Values in the Context of COVID-19. Infect Dis Ther. 2020;9(3):573-86. 
56. Dinnes J, Deeks JJ, Adriano A, Berhane S, Davenport C, Dittrich S, et al. Rapid, point-of-care 
antigen and molecular-based tests for diagnosis of SARS-CoV-2 infection. Cochrane Database of 
Systematic Reviews. 2020. 
57. Vabret N, Britton GJ, Gruber C, Hegde S, Kim J, Kuksin M, et al. Immunology of COVID-19: 
Current State of the Science. Immunity. 2020;52(6):910-41. 
58. Dadras O, Afsahi AM, Pashaei Z, Mojdeganlou H, Karimi A, Habibi P, et al. The relationship 
between COVID-19 viral load and disease severity: A systematic review. Immun Inflamm Dis. 
2022;10(3):e580. 
59. Ren S-Y, Wang W-B, Hao Y-G, Zhang H-R, Wang Z-C, Chen Y-L, et al. Stability and infectivity 
of coronaviruses in inanimate environments. World Journal of Clinical Cases. 2020;8(8):1391-9. 
60. Epidemiology Working Group for Ncip Epidemic Response CCfDC, Prevention. [The 
epidemiological characteristics of an outbreak of 2019 novel coronavirus diseases (COVID-19) in 
China]. Zhonghua liu xing bing xue za zhi = Zhonghua liuxingbingxue zazhi. 2020;41(2):145-51. 
61. Takahashi T, Ellingson MK, Wong P, Israelow B, Lucas C, Klein J, et al. Sex differences in 
immune responses that underlie COVID-19 disease outcomes. Nature. 2020;588(7837):315-20. 
62. Vardavas CI, Nikitara K. COVID-19 and smoking: A systematic review of the evidence. Tob 
Induc Dis. 2020;18:20. 

https://www.who.int/health-topics/coronavirus#tab=tab_1
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Steckbrief.html


 
 

110 
 

63. Treskova-Schwarzbach M, Haas L, Reda S, Pilic A, Borodova A, Karimi K, et al. Pre-existing 
health conditions and severe COVID-19 outcomes: an umbrella review approach and meta-analysis 
of global evidence. BMC Med. 2021;19(1):212. 
64. Takla A, Matysiak-Klose D, Bogdan C, Harder T, Ledig T, Neufeind J, et al. Empfehlung und 
Begründung der STIKO zur Impfung gegen COVID-19 von Schwangeren und Stillenden. 2021(38):10--
29. 
65. Guan W-J, Ni Z-Y, Hu Y, Liang W-H, Ou C-Q, He J-X, et al. Clinical Characteristics of 
Coronavirus Disease 2019 in China. New England Journal of Medicine. 2020;382(18):1708-20. 
66. Sardu C, Gambardella J, Morelli MB, Wang X, Marfella R, Santulli G. Hypertension, 
Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an Endothelial Disease? A Comprehensive 
Evaluation of Clinical and Basic Evidence. J Clin Med. 2020;9(5). 
67. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill 
patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, 
observational study. Lancet Respir Med. 2020;8(5):475-81. 
68. Neurologie DGf. Neurologische Manifestationen bei COVID-19 2022 [updated 
02.08.202218.1.2023]. Available from: https://dgn.org/leitlinie/169. 
69. Mao R, Qiu Y, He JS, Tan JY, Li XH, Liang J, et al. Manifestations and prognosis of 
gastrointestinal and liver involvement in patients with COVID-19: a systematic review and meta-
analysis. Lancet Gastroenterol Hepatol. 2020;5(7):667-78. 
70. Yang X, Yu Y, Xu J, Shu H, Xia JA, Liu H, et al. Clinical course and outcomes of critically ill 
patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, 
observational study. The Lancet Respiratory Medicine. 2020;8(5):475-81. 
71. Driggin E, Madhavan MV, Bikdeli B, Chuich T, Laracy J, Biondi-Zoccai G, et al. Cardiovascular 
Considerations for Patients, Health Care Workers, and Health Systems During the COVID-19 
Pandemic. J Am Coll Cardiol. 2020;75(18):2352-71. 
72. Kollias A, Kyriakoulis KG, Dimakakos E, Poulakou G, Stergiou GS, Syrigos K. Thromboembolic 
risk and anticoagulant therapy in COVID-19 patients: emerging evidence and call for action. Br J 
Haematol. 2020;189(5):846-7. 
73. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mortality of 
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet (London, 
England). 2020;395(10229):1054-62. 
74. Nalbandian A, Sehgal K, Gupta A, Madhavan MV, McGroder C, Stevens JS, et al. Post-acute 
COVID-19 syndrome. Nat Med. 2021;27(4):601-15. 
75. Nasserie T, Hittle M, Goodman SN. Assessment of the Frequency and Variety of Persistent 
Symptoms Among Patients With COVID-19: A Systematic Review. JAMA Netw Open. 
2021;4(5):e2111417. 
76. Health NIo. COVID-19 Treatment Guidelines 2022 [updated 28.12.202218.01.2023]. 
Available from: https://www.covid19treatmentguidelines.nih.gov/management/clinical-
management-of-adults/clinical-management-of-adults-summary/. 
77. Stasi C, Fallani S, Voller F, Silvestri C. Treatment for COVID-19: An overview. Eur J 
Pharmacol. 2020;889:173644. 
78. Buitrago-Garcia D, Ipekci AM, Heron L, Imeri H, Araujo-Chaveron L, Arevalo-Rodriguez I, et 
al. Occurrence and transmission potential of asymptomatic and presymptomatic SARS-CoV-2 
infections: Update of a living systematic review and meta-analysis. PLOS Medicine. 
2022;19(5):e1003987. 
79. World Health O. Home care for patients with COVID-19 presenting with mild symptoms and 
management of their contacts: interim guidance, 17 March 2020. Geneva: World Health 
Organization; 2020 2020.  Contract No.: WHO/2019-nCov/IPC/HomeCare/2020.3. 
80. Bellino S. COVID-19 treatments approved in the European Union and clinical 
recommendations for the management of non-hospitalized and hospitalized patients. Annals of 
Medicine. 2022;54(1):2844-8. 
81. World Health O. Clinical management of COVID-19: interim guidance, 27 May 2020. 
Geneva: World Health Organization; 2020 2020.  Contract No.: WHO/2019-nCoV/clinical/2020.5. 

https://dgn.org/leitlinie/169
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/clinical-management-of-adults-summary/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/clinical-management-of-adults-summary/


 
 

111 
 

82. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 
2020 statement: an updated guideline for reporting systematic reviews. BMJ (Clinical research ed). 
2021;372:n71. 
83. Schlesinger S, Lang A, Christodoulou N, Linnerz P, Pafili K, Kuss O, et al. Risk phenotypes of 
diabetes and association with COVID-19 severity and death: an update of a living systematic review 
and meta-analysis. Diabetologia. 2023;66(8):1395-412. 
84. Abe T, Egbuche O, Igwe J, Jegede O, Wagle B, Olanipekun T, et al. Cardiovascular 
complications in COVID-19 patients with or without diabetes mellitus. Endocrinol Diabetes Metab. 
2021;4(2):e00218. 
85. Gregory JM, Slaughter JC, Duffus SH, Smith TJ, LeStourgeon LM, Jaser SS, et al. COVID-19 
Severity Is Tripled in the Diabetes Community: A Prospective Analysis of the Pandemic's Impact in 
Type 1 and Type 2 Diabetes. Diabetes Care. 2021;44(2):526-32. 
86. Mondal S, DasGupta R, Lodh M, Gorai R, Choudhury B, Hazra AK, et al. Predictors of new-
onset diabetic ketoacidosis in patients with moderate to severe COVID-19 receiving parenteral 
glucocorticoids: A prospective single-centre study among Indian type 2 diabetes patients. Diabetes 
Metab Syndr. 2021;15(3):795-801. 
87. Myers AK, Kim TS, Zhu X, Liu Y, Qiu M, Pekmezaris R. Predictors of mortality in a multiracial 
urban cohort of persons with type 2 diabetes and novel coronavirus 19. J Diabetes. 2021;13(5):430-
8. 
88. Hayden JA, van der Windt DA, Cartwright JL, Cote P, Bombardier C. Assessing bias in studies 
of prognostic factors. Ann Intern Med. 2013;158(4):280-6. 
89. Schunemann HJ, Cuello C, Akl EA, Mustafa RA, Meerpohl JJ, Thayer K, et al. GRADE 
guidelines: 18. How ROBINS-I and other tools to assess risk of bias in nonrandomized studies should 
be used to rate the certainty of a body of evidence. J Clin Epidemiol. 2019;111:105-14. 
90. Practise BB. What is GRADE? 2023 [27.04.2023]. Available from: 
https://bestpractice.bmj.com/info/toolkit/learn-ebm/what-is-grade/. 
91. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, et al. GRADE guidelines: 4. 
Rating the quality of evidence—study limitations (risk of bias). Journal of Clinical Epidemiology. 
2011;64(4):407-15. 
92. Guyatt GH, Oxman AD, Montori V, Vist G, Kunz R, Brozek J, et al. GRADE guidelines: 5. 
Rating the quality of evidence--publication bias. J Clin Epidemiol. 2011;64(12):1277-82. 
93. Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind D, et al. GRADE guidelines 6. 
Rating the quality of evidence—imprecision. Journal of Clinical Epidemiology. 2011;64(12):1283-93. 
94. Guyatt GH, Oxman AD, Sultan S, Glasziou P, Akl EA, Alonso-Coello P, et al. GRADE guidelines: 
9. Rating up the quality of evidence. Journal of Clinical Epidemiology. 2011;64(12):1311-6. 
95. Balshem H, Helfand M, Schunemann HJ, Oxman AD, Kunz R, Brozek J, et al. GRADE 
guidelines: 3. Rating the quality of evidence. J Clin Epidemiol. 2011;64(4):401-6. 
96. Acharya D, Lee K, Lee DS, Lee YS, Moon SS. Mortality Rate and Predictors of Mortality in 
Hospitalized COVID-19 Patients with Diabetes. Healthcare (Basel). 2020;8(3). 
97. Agarwal S, Schechter C, Southern W, Crandall JP, Tomer Y. Preadmission Diabetes-Specific 
Risk Factors for Mortality in Hospitalized Patients With Diabetes and Coronavirus Disease 2019. 
Diabetes Care. 2020;43(10):2339-44. 
98. Aghaaliakbari F, Abbasi MA, Ranjbar M, Jamshidi Makiani M, Farrokhpour M, Safarnezhad 
Tameshkel F, et al. Angiotensin Converting Enzyme Inhibitors, A Risk Factor of Poor Outcome in 
Diabetic Patients with COVID-19 Infection. Iran J Kidney Dis. 2020;14(6):482-7. 
99. Ahmed FW, Kirresh OZ, Robinson AV, Majeed MS, Rouse D, Banatwalla R, et al. A 
Retrospective Study Assessing the Effect of Diabetes on Mortality in Patients With COVID-19 at a 
Teaching Hospital in the United Kingdom. Cureus. 2021;13(3):e13902. 
100. Al Hayek AA, Robert AA, Matar AB, Algarni A, Alkubedan H, Alharbi T, et al. Risk factors for 
hospital admission among COVID-19 patients with diabetes. A study from Saudi Arabia. Saudi Med J. 
2020;41(10):1090-7. 

https://bestpractice.bmj.com/info/toolkit/learn-ebm/what-is-grade/


 
 

112 
 

101. Alrashed AA, Khan TM, Alhusseini NK, Asdaq SMB, Enani M, Alosaimi B, et al. Severity of 
COVID-19 infection in ACEI/ARB users in specialty hospitals: A retrospective cohort study. J Infect 
Public Health. 2021;14(6):726-33. 
102. Bello-Chavolla OY, Bahena-Lopez JP, Antonio-Villa NE, Vargas-Vazquez A, Gonzalez-Diaz A, 
Marquez-Salinas A, et al. Predicting Mortality Due to SARS-CoV-2: A Mechanistic Score Relating 
Obesity and Diabetes to COVID-19 Outcomes in Mexico. J Clin Endocrinol Metab. 2020;105(8). 
103. Calapod OP, Marin AM, Onisai M, Tribus LC, Pop CS, Fierbinteanu-Braticevici C. The Impact 
of Increased Fib-4 Score in Patients with Type II Diabetes Mellitus on Covid-19 Disease Prognosis. 
Medicina (Kaunas). 2021;57(5). 
104. Cao P, Song Y, Zhuang Z, Ran J, Xu L, Geng Y, et al. Obesity and COVID-19 in Adult Patients 
With Diabetes. Diabetes. 2021;70(5):1061-9. 
105. Cariou B, Goronflot T, Rimbert A, Boullu S, Le May C, Moulin P, et al. Routine use of statins 
and increased COVID-19 related mortality in inpatients with type 2 diabetes: Results from the 
CORONADO study. Diabetes Metab. 2021;47(2):101202. 
106. Cariou B, Hadjadj S, Wargny M, Pichelin M, Al-Salameh A, Allix I, et al. Phenotypic 
characteristics and prognosis of inpatients with COVID-19 and diabetes: the CORONADO study. 
Diabetologia. 2020;63(8):1500-15. 
107. Chen X, Chen Y, Wu C, Wei M, Xu J, Chao YC, et al. Coagulopathy is a major extrapulmonary 
risk factor for mortality in hospitalized patients with COVID-19 with type 2 diabetes. BMJ Open 
Diabetes Res Care. 2020;8(2). 
108. Chen Y, Yang D, Cheng B, Chen J, Peng A, Yang C, et al. Clinical Characteristics and Outcomes 
of Patients With Diabetes and COVID-19 in Association With Glucose-Lowering Medication. 
Diabetes Care. 2020;43(7):1399-407. 
109. Cheng Y, Yue L, Wang Z, Zhang J, Xiang G. Hyperglycemia associated with lymphopenia and 
disease severity of COVID-19 in type 2 diabetes mellitus. J Diabetes Complications. 
2021;35(2):107809. 
110. Choi HK, Hee-Jo K, Hyeri S, Ji Hoon J, Won Suk C, Dae Jung K, et al. ARB/ACEI use and severe 
COVID-19: a nationwide case-control study. medRxiv. 2020. 
111. Chung SM, Lee YY, Ha E, Yoon JS, Won KC, Lee HW, et al. The Risk of Diabetes on Clinical 
Outcomes in Patients with Coronavirus Disease 2019: A Retrospective Cohort Study. Diabetes 
Metab J. 2020;44(3):405-13. 
112. Corcillo A, Cohen S, Li A, Crane J, Kariyawasam D, Karalliedde J. Diabetic retinopathy is 
independently associated with increased risk of intubation: A single centre cohort study of patients 
with diabetes hospitalised with COVID-19. Diabetes Res Clin Pract. 2021;171:108529. 
113. Crouse AB, Grimes T, Li P, Might M, Ovalle F, Shalev A. Metformin Use Is Associated With 
Reduced Mortality in a Diverse Population With COVID-19 and Diabetes. Front Endocrinol 
(Lausanne). 2020;11:600439. 
114. Dalan R, Ang LW, Tan WYT, Fong SW, Tay WC, Chan YH, et al. The association of 
hypertension and diabetes pharmacotherapy with COVID-19 severity and immune signatures: an 
observational study. Eur Heart J Cardiovasc Pharmacother. 2021;7(3):e48-e51. 
115. de Abajo FJ, Rodríguez-Martín S, Lerma V, Mejía-Abril G, Aguilar M, García-Luque A, et al. 
Use of renin–angiotensin–aldosterone system inhibitors and risk of COVID-19 requiring admission to 
hospital: a case-population study. The Lancet. 2020;395(10238):1705-14. 
116. Do JY, Kim SW, Park JW, Cho KH, Kang SH. Is there an association between metformin use 
and clinical outcomes in diabetes patients with COVID-19? Diabetes Metab. 2021;47(4):101208. 
117. Emami A, Akbari A, Basirat A, Zare H, Javanmardi F, Falahati F, et al. The role of 
comorbidities on mortality of COVID-19 in patients with diabetes. Obes Med. 2021;25:100352. 
118. Ghany R, Palacio A, Dawkins E, Chen G, McCarter D, Forbes E, et al. Metformin is associated 
with lower hospitalizations, mortality and severe coronavirus infection among elderly medicare 
minority patients in 8 states in USA. Diabetes Metab Syndr. 2021;15(2):513-8. 
119. Huang J, Zhu L, Bai X, Jia X, Lu Y, Deng A, et al. Multidimensional Analysis of Risk Factors for 
the Severity and Mortality of Patients with COVID-19 and Diabetes. Infect Dis Ther. 2020;9(4):981-
1002. 



 
 

113 
 

120. Hui Y, Li Y, Tong X, Wang Z, Mao X, Huang L, et al. The risk factors for mortality of diabetic 
patients with severe COVID-19: A retrospective study of 167 severe COVID-19 cases in Wuhan. PLoS 
One. 2020;15(12):e0243602. 
121. Izzi-Engbeaya C, Distaso W, Amin A, Yang W, Idowu O, Kenkre JS, et al. Adverse outcomes in 
COVID-19 and diabetes: a retrospective cohort study from three London teaching hospitals. BMJ 
Open Diabetes Res Care. 2021;9(1). 
122. Khalili S, Moradi O, Kharazmi AB, Raoufi M, Sistanizad M, Shariat M. Comparison of 
Mortality Rate and Severity of Pulmonary Involvement in Coronavirus Disease-2019 Adult Patients 
With and Without Type 2 Diabetes: A Cohort Study. Can J Diabetes. 2021;45(6):524-30. 
123. Khalili S, Sabaghian T, Sedaghat M, Soroureddin Z, Askari E, Khalili N. Prevalence, Risk 
Factors and Outcomes Associated with Acute Kidney Injury in Patients Hospitalized for COVID-19: A 
Comparative Study between Diabetic and Nondiabetic Patients. J Diabetes Res. 2021;2021:6666086. 
124. Kim MK, Jeon JH, Kim SW, Moon JS, Cho NH, Han E, et al. The Clinical Characteristics and 
Outcomes of Patients with Moderate-to-Severe Coronavirus Disease 2019 Infection and Diabetes in 
Daegu, South Korea. Diabetes Metab J. 2020;44(4):602-13. 
125. Lalau JD, Al-Salameh A, Hadjadj S, Goronflot T, Wiernsperger N, Pichelin M, et al. Metformin 
use is associated with a reduced risk of mortality in patients with diabetes hospitalised for COVID-
19. Diabetes Metab. 2021;47(5):101216. 
126. Lee HY, Ahn J, Park J, Kyung Kang C, Won SH, Wook Kim D, et al. Beneficial Effect of Statins 
in COVID-19-Related Outcomes-Brief Report: A National Population-Based Cohort Study. 
Arterioscler Thromb Vasc Biol. 2021;41(3):e175-e82. 
127. Lei M, Lin K, Pi Y, Huang X, Fan L, Huang J, et al. Clinical Features and Risk Factors of ICU 
Admission for COVID-19 Patients with Diabetes. J Diabetes Res. 2020;2020:5237840. 
128. Leon-Pedroza JI, Rodriguez-Cortes O, Flores-Mejia R, Gaona-Aguas CV, Gonzalez-Chavez A. 
Impact of Metabolic Syndrome in the Clinical Outcome of Disease by SARS-COV-2. Arch Med Res. 
2021;52(7):738-45. 
129. Li J, Wei Q, Li WX, McCowen KC, Xiong W, Liu J, et al. Metformin Use in Diabetes Prior to 
Hospitalization: Effects on Mortality in Covid-19. Endocr Pract. 2020;26(10):1166-72. 
130. Li Y, Han X, Alwalid O, Cui Y, Cao Y, Liu J, et al. Baseline characteristics and risk factors for 
short-term outcomes in 132 COVID-19 patients with diabetes in Wuhan China: A retrospective 
study. Diabetes Res Clin Pract. 2020;166:108299. 
131. Liu G, Zhang S, Hu H, Liu T, Huang J. The role of neutrophil-lymphocyte ratio and 
lymphocyte-monocyte ratio in the prognosis of type 2 diabetics with COVID-19. Scott Med J. 
2020;65(4):154-60. 
132. Liu Z, Bai X, Han X, Jiang W, Qiu L, Chen S, et al. The association of diabetes and the 
prognosis of COVID-19 patients: A retrospective study. Diabetes Res Clin Pract. 2020;169:108386. 
133. Longmore DK, Miller JE, Bekkering S, Saner C, Mifsud E, Zhu Y, et al. Diabetes and 
Overweight/Obesity Are Independent, Nonadditive Risk Factors for In-Hospital Severity of COVID-
19: An International, Multicenter Retrospective Meta-analysis. Diabetes Care. 2021;44(6):1281-90. 
134. Merzon E, Green I, Shpigelman M, Vinker S, Raz I, Golan-Cohen A, et al. Haemoglobin A1c is 
a predictor of COVID-19 severity in patients with diabetes. Diabetes Metab Res Rev. 
2021;37(5):e3398. 
135. Mirani M, Favacchio G, Carrone F, Betella N, Biamonte E, Morenghi E, et al. Impact of 
Comorbidities and Glycemia at Admission and Dipeptidyl Peptidase 4 Inhibitors in Patients With 
Type 2 Diabetes With COVID-19: A Case Series From an Academic Hospital in Lombardy, Italy. 
Diabetes Care. 2020;43(12):3042-9. 
136. Myers AK, Kim TS, Zhu X, Liu Y, Qiu M, Pekmezaris R. Predictors of mortality in a multiracial 
urban cohort of persons with type 2 diabetes and novel coronavirus 19. J Diabetes. 2021. 
137. Nikniaz Z, Somi MH, Dinevari MF, Taghizadieh A, Mokhtari L. Diabesity Associates with Poor 
COVID-19 Outcomes among Hospitalized Patients. J Obes Metab Syndr. 2021;30(2):149-54. 
138. Nyland JE, Nazia TR-K, Kerstin B, Philippe AH, Jennifer LK, Leslie JP, et al. Diabetes, Drug 
Treatment and Mortality in COVID-19: A Multinational Retrospective Cohort Study. SSRN. 2020. 



 
 

114 
 

139. Oh TK, Song IA. Metformin use and risk of COVID-19 among patients with type II diabetes 
mellitus: an NHIS-COVID-19 database cohort study. Acta Diabetol. 2021;58(6):771-8. 
140. O'Malley G, Ebekozien O, Desimone M, Pinnaro CT, Roberts A, Polsky S, et al. COVID-19 
Hospitalization in Adults with Type 1 Diabetes: Results from the T1D Exchange Multicenter 
Surveillance Study. J Clin Endocrinol Metab. 2021;106(2):e936-e42. 
141. Orioli L, Servais T, Belkhir L, Laterre PF, Thissen JP, Vandeleene B, et al. Clinical 
characteristics and short-term prognosis of in-patients with diabetes and COVID-19: A retrospective 
study from an academic center in Belgium. Diabetes Metab Syndr. 2021;15(1):149-57. 
142. Pazoki M, Keykhaei M, Kafan S, Montazeri M, Mirabdolhagh Hazaveh M, Sotoodehnia M, et 
al. Risk indicators associated with in-hospital mortality and severity in patients with diabetes 
mellitus and confirmed or clinically suspected COVID-19. J Diabetes Metab Disord. 2021:1-11. 
143. Perez-Belmonte LM, Torres-Pena JD, Lopez-Carmona MD, Ayala-Gutierrez MM, Fuentes-
Jimenez F, Huerta LJ, 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(1):359. 
144. Pettrone K, Burnett E, Link-Gelles R, Haight SC, Schrodt C, England L, et al. Characteristics 
and Risk Factors of Hospitalized and Nonhospitalized COVID-19 Patients, Atlanta, Georgia, USA, 
March-April 2020. Emerg Infect Dis. 2021;27(4):1164-8. 
145. Ramos-Rincón JM, Pérez-Belmonte LM, Carrasco-Sánchez FJ, Jansen-Chaparro S, De-Sousa-
Baena M, Bueno-Fonseca J, et al. Cardiometabolic therapy and mortality in very old patients with 
diabetes hospitalized due to COVID-19. J Gerontol A Biol Sci Med Sci. 2021. 
146. Rastad H, Ejtahed HS, Mahdavi-Ghorabi A, Arzaghi M, Safari A, Shahrestanaki E, et al. 
Factors associated with the poor outcomes in diabetic patients with COVID-19. J Diabetes Metab 
Disord. 2020:1-10. 
147. Rastad H, Karim H, Ejtahed HS, Tajbakhsh R, Noorisepehr M, Babaei M, et al. Risk and 
predictors of in-hospital mortality from COVID-19 in patients with diabetes and cardiovascular 
disease. Diabetol Metab Syndr. 2020;12:57. 
148. Rhee SY, Lee J, Nam H, Kyoung DS, Shin DW, Kim DJ. Effects of a DPP-4 Inhibitor and RAS 
Blockade on Clinical Outcomes of Patients with Diabetes and COVID-19. Diabetes Metab J. 
2021;45(2):251-9. 
149. Riahi S, Sombra LRS, Lo KB, Chacko SR, Neto AGM, Azmaiparashvili Z, et al. Insulin Use, 
Diabetes Control, and Outcomes in Patients with COVID-19. Endocr Res. 2021;46(2):45-50. 
150. Roussel R, Darmon P, Pichelin M, Goronflot T, Abouleka Y, Ait Bachir L, et al. Use of 
dipeptidyl peptidase-4 inhibitors and prognosis of COVID-19 in hospitalized patients with type 2 
diabetes: A propensity score analysis from the CORONADO study. Diabetes Obes Metab. 
2021;23(5):1162-72. 
151. Ruan Y, Ryder REJ, De P, Field BCT, Narendran P, Iqbal A, et al. A UK nationwide study of 
people with type 1 diabetes admitted to hospital with COVID-19 infection. Diabetologia. 
2021;64(8):1717-24. 
152. Satman I, Demirci I, Haymana C, Tasci I, Salman S, Ata N, et al. Unexpectedly lower mortality 
rates in COVID-19 patients with and without type 2 diabetes in Istanbul. Diabetes Res Clin Pract. 
2021;174:108753. 
153. Savarese G, Benson L, Sundstrom J, Lund LH. Association between renin-angiotensin-
aldosterone system inhibitor use and COVID-19 hospitalization and death: a 1.4 million patient 
nationwide registry analysis. Eur J Heart Fail. 2021;23(3):476-85. 
154. Seiglie J, Platt J, Cromer SJ, Bunda B, Foulkes AS, Bassett IV, et al. Diabetes as a Risk Factor 
for Poor Early Outcomes in Patients Hospitalized With COVID-19. Diabetes Care. 2020;43(12):2938-
44. 
155. Shah P, Owens J, Franklin J, Jani Y, Kumar A, Doshi R. Baseline use of angiotensin-converting 
enzyme inhibitor/AT1 blocker and outcomes in hospitalized coronavirus disease 2019 African-
American patients. J Hypertens. 2020;38(12):2537-41. 



 
 

115 
 

156. Shang J, Wang Q, Zhang H, Wang X, Wan J, Yan Y, et al. The Relationship Between Diabetes 
Mellitus and COVID-19 Prognosis: A Retrospective Cohort Study in Wuhan, China. Am J Med. 
2021;134(1):e6-e14. 
157. Shi Q, Zhang X, Jiang F, Zhang X, Hu N, Bimu C, et al. Clinical Characteristics and Risk Factors 
for Mortality of COVID-19 Patients With Diabetes in Wuhan, China: A Two-Center, Retrospective 
Study. Diabetes Care. 2020;43(7):1382-91. 
158. Silverii GA, Monami M, Cernigliaro A, Vigneri E, Guarnotta V, Scondotto S, et al. Are 
diabetes and its medications risk factors for the development of COVID-19? Data from a population-
based study in Sicily. Nutr Metab Cardiovasc Dis. 2021;31(2):396-8. 
159. Smati S, Tramunt B, Wargny M, Caussy C, Gaborit B, Vatier C, et al. Relationship between 
obesity and severe COVID-19 outcomes in patients with type 2 diabetes: Results from the 
CORONADO study. Diabetes Obes Metab. 2021;23(2):391-403. 
160. Solerte SB, D'Addio F, Trevisan R, Lovati E, Rossi A, Pastore I, et al. Sitagliptin Treatment at 
the Time of Hospitalization Was Associated With Reduced Mortality in Patients With Type 2 
Diabetes and COVID-19: A Multicenter, Case-Control, Retrospective, Observational Study. Diabetes 
Care. 2020;43(12):2999-3006. 
161. Sonmez A, Demirci I, Haymana C, Tasci I, Dagdelen S, Salman S, et al. Clinical characteristics 
and outcomes of COVID-19 in patients with type 2 diabetes in Turkey: A nationwide study 
(TurCoviDia). J Diabetes. 2021;13(7):585-95. 
162. Tchang BG, Askin G, Sahagun A, Hwang J, Huang H, Mendelsohn Curanaj FA, et al. The 
Independent Risk of Obesity and Diabetes and Their Interaction in COVID-19: A Retrospective 
Cohort Study. Obesity (Silver Spring). 2021;29(6):971-5. 
163. Vargas-Vazquez A, Bello-Chavolla OY, Ortiz-Brizuela E, Campos-Munoz A, Mehta R, 
Villanueva-Reza M, et al. Impact of undiagnosed type 2 diabetes and pre-diabetes on severity and 
mortality for SARS-CoV-2 infection. BMJ Open Diabetes Res Care. 2021;9(1). 
164. Wang X, Liu Z, Li J, Zhang J, Tian S, Lu S, et al. Impacts of Type 2 Diabetes on Disease 
Severity, Therapeutic Effect, and Mortality of Patients With COVID-19. J Clin Endocrinol Metab. 
2020;105(12). 
165. Wargny M, Potier L, Gourdy P, Pichelin M, Amadou C, Benhamou PY, et al. Predictors of 
hospital discharge and mortality in patients with diabetes and COVID-19: updated results from the 
nationwide CORONADO study. Diabetologia. 2021;64(4):778-94. 
166. Wu B, Zhou JH, Wang WX, Yang HL, Xia M, Zhang BH, et al. Association Analysis of 
Hyperlipidemia with the 28-Day All-Cause Mortality of COVID-19 in Hospitalized Patients. Chin Med 
Sci J. 2021;36(1):17-26. 
167. Xu Z, Wang Z, Wang S, Ye Y, Luo D, Wan L, et al. The impact of type 2 diabetes and its 
management on the prognosis of patients with severe COVID-19. J Diabetes. 2020;12(12):909-18. 
168. Yan H, Valdes AM, Vijay A, Wang S, Liang L, Yang S, et al. Role of Drugs Used for Chronic 
Disease Management on Susceptibility and Severity of COVID-19: A Large Case-Control Study. Clin 
Pharmacol Ther. 2020;108(6):1185-94. 
169. You JH, Lee SA, Chun SY, Song SO, Lee BW, Kim DJ, et al. Clinical Outcomes of COVID-19 
Patients with Type 2 Diabetes: A Population-Based Study in Korea. Endocrinol Metab (Seoul). 
2020;35(4):901-8. 
170. Zhang N, Wang C, Zhu F, Mao H, Bai P, Chen LL, et al. Risk Factors for Poor Outcomes of 
Diabetes Patients With COVID-19: A Single-Center, Retrospective Study in Early Outbreak in China. 
Front Endocrinol (Lausanne). 2020;11:571037. 
171. Zhu L, She ZG, Cheng X, Qin JJ, Zhang XJ, Cai J, et al. Association of Blood Glucose Control 
and Outcomes in Patients with COVID-19 and Pre-existing Type 2 Diabetes. Cell Metab. 
2020;31(6):1068-77 e3. 
172. Ebrahimi Kalan M, Jebai R, Zarafshan E, Bursac Z. Distinction Between Two Statistical Terms: 
Multivariable and Multivariate Logistic Regression. Nicotine Tob Res. 2021;23(8):1446-7. 
173. Cariou B, Goronflot T, Rimbert A, Boullu S, Le May C, Moulin P, et al. Routine use of statins 
and increased mortality related to COVID-19 in inpatients with type 2 diabetes: Results from the 
CORONADO study. Diabetes Metab. 2020. 



 
 

116 
 

174. Chen YC, Yang D, Cheng B, Chen J, Peng AL, Yang C, et al. Clinical Characteristics and 
Outcomes of Patients With Diabetes and COVID-19 in Association With Glucose-Lowering 
Medication. Diabetes Care. 2020;43(7):1399-407. 
175. Choi HK, Koo H-J, Seok H, Jeon JH, Choi WS, Kim DJ, et al. 2020. 
176. Corcillo A, Cohen S, Li A, Crane J, Kariyawasam D, Karalliedde J. Diabetic retinopathy is 
independently associated with increased risk of intubation: A single centre cohort study of patients 
with diabetes hospitalised with COVID-19. Diabetes Res Clin Pract. 2020:108529. 
177. Dalan R, Ang LW, Tan WYT, Fong S-W, Tay WC, Chan Y-H, et al. The association of 
hypertension and diabetes pharmacotherapy with COVID-19 severity and immune signatures: an 
observational study. Eur Heart J Cardiovasc Pharmacother. 2020. 
178. de Abajo FJ, Rodríguez-Martín S, Lerma V, Mejía-Abril G, Aguilar M, García-Luque A, et al. 
Use of renin-angiotensin-aldosterone system inhibitors and risk of COVID-19 requiring admission to 
hospital: a case-population study. Lancet. 2020;395(10238):1705-14. 
179. Damanti S, Ramirez GA, Bozzolo EP, Rovere-Querini P, De Lorenzo R, Magnaghi C, et al. 6-
Month Respiratory Outcomes and Exercise Capacity of COVID-19 Acute Respiratory Failure Patients 
Treated With CPAP. Intern Med J. 2021. 
180. Li YM, Han XY, Alwalid O, Cui Y, Cao YK, Liu J, et al. Baseline characteristics and risk factors 
for short-term outcomes in 132 COVID-19 patients with diabetes in Wuhan China: A retrospective 
study. Diabetes Research and Clinical Practice. 2020;166. 
181. Liu ZL, Bai X, Han X, Jiang WY, Qiu L, Chen S, et al. The association of diabetes and the 
prognosis of COVID-19 patients: A retrospective study. Diabetes Research and Clinical Practice. 
2020;169. 
182. Merzon E, Green I, Shpigelman M, Vinker S, Raz I, Golan-Cohen A, et al. Haemoglobin A1c is 
a predictor of COVID-19 severity in patients with diabetes. Diabetes Metab Res Rev. 2020:e3398. 
183. O'Malley G, Ebekozien O, Desimone M, Pinnaro CT, Roberts A, Polsky S, et al. COVID-19 
Hospitalization in Adults with Type 1 Diabetes: Results from the T1D Exchange Multi-Center 
Surveillance Study. J Clin Endocrinol Metab. 2020. 
184. Rastad H, Karim H, Ejtahed HS, Tajbakhsh R, Noorisepehr M, Babaei M, et al. Risk and 
predictors of in-hospital mortality from COVID-19 in patients with diabetes and cardiovascular 
disease. Diabetology & Metabolic Syndrome. 2020;12(1). 
185. Iqbal Z, Ho JH, Adam S, France M, Syed A, Neely D, et al. Managing hyperlipidaemia in 
patients with COVID-19 and during its pandemic: An expert panel position statement from HEART 
UK. Atherosclerosis. 2020;313:126-36. 
186. Bonanad C, Garcia-Blas S, Tarazona-Santabalbina F, Sanchis J, Bertomeu-Gonzalez V, Facila 
L, et al. The Effect of Age on Mortality in Patients With COVID-19: A Meta-Analysis With 611,583 
Subjects. J Am Med Dir Assoc. 2020;21(7):915-8. 
187. Pijls BG, Jolani S, Atherley A, Derckx RT, Dijkstra JIR, Franssen GHL, et al. Demographic risk 
factors for COVID-19 infection, severity, ICU admission and death: a meta-analysis of 59 studies. 
BMJ Open. 2021;11(1):e044640. 
188. Wenham C, Smith J, Morgan R, Gender, Group C-W. COVID-19: the gendered impacts of the 
outbreak. Lancet (London, England). 2020;395(10227):846-8. 
189. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and clinical 
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive 
study. The Lancet. 2020;395(10223):507-13. 
190. Mahamat-Saleh Y, Fiolet T, Rebeaud ME, Mulot M, Guihur A, El Fatouhi D, et al. Diabetes, 
hypertension, body mass index, smoking and COVID-19-related mortality: a systematic review and 
meta-analysis of observational studies. BMJ Open. 2021;11(10):e052777. 
191. National Lung HaBI.  [11.02.2023]. Available from: 
https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmicalc.htm. 
192. Mackey K, Ayers CK, Kondo KK, Saha S, Advani SM, Young S, et al. Racial and Ethnic 
Disparities in COVID-19-Related Infections, Hospitalizations, and Deaths : A Systematic Review. Ann 
Intern Med. 2021;174(3):362-73. 

https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmicalc.htm


 
 

117 
 

193. Barron E, Bakhai C, Kar P, Weaver A, Bradley D, Ismail H, et al. Associations of type 1 and 
type 2 diabetes with COVID-19-related mortality in England: a whole-population study. Lancet 
Diabetes Endocrinol. 2020;8(10):813-22. 
194. McGurnaghan SJ, Weir A, Bishop J, Kennedy S, Blackbourn LAK, McAllister DA, 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(2):82-93. 
195. Holman N, Knighton P, Kar P, O'Keefe J, Curley M, Weaver A, 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. 
196. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al. Factors 
associated with COVID-19-related death using OpenSAFELY. Nature. 2020;584(7821):430-6. 
197. Lazarus G, Audrey J, Wangsaputra VK, Tamara A, Tahapary DL. High admission blood glucose 
independently predicts poor prognosis in COVID-19 patients: A systematic review and dose-
response meta-analysis. Diabetes Res Clin Pract. 2021;171:108561. 
198. Strain WD, Hope SV, Green A, Kar P, Valabhji J, Sinclair AJ. Type 2 diabetes mellitus in older 
people: a brief statement of key principles of modern day management including the assessment of 
frailty. A national collaborative stakeholder initiative. Diabet Med. 2018;35(7):838-45. 
199. Smati S, Tramunt B, Wargny M, Gourdy P, Hadjadj S, Cariou B. COVID-19 and Diabetes 
Outcomes: Rationale for and Updates from the CORONADO Study. Curr Diab Rep. 2022;22(2):53-63. 
200. Khunti K, Knighton P, Zaccardi F, Bakhai C, Barron E, Holman N, et al. Prescription of 
glucose-lowering therapies and risk of COVID-19 mortality in people with type 2 diabetes: a 
nationwide observational study in England. Lancet Diabetes Endocrinol. 2021;9(5):293-303. 
201. Nguyen NN, Ho DS, Nguyen HS, Ho DKN, Li HY, Lin CY, et al. Preadmission use of antidiabetic 
medications and mortality among patients with COVID-19 having type 2 diabetes: A meta-analysis. 
Metabolism. 2022;131:155196. 
202. Malik P, Patel U, Mehta D, Patel N, Kelkar R, Akrmah M, et al. Biomarkers and outcomes of 
COVID-19 hospitalisations: systematic review and meta-analysis. BMJ Evidence-Based Medicine. 
2021;26(3):107-8. 
203. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and disease. Cold Spring 
Harb Perspect Biol. 2014;6(10):a016295. 
204. Hsu CM, Gupta S, Tighiouart H, Goyal N, Faugno AJ, Tariq A, et al. Kidney Recovery and 
Death in Critically Ill Patients With COVID-19–Associated Acute Kidney Injury Treated With Dialysis: 
The STOP-COVID Cohort Study. American Journal of Kidney Diseases. 2022;79(3):404-16.e1. 
205. Shahbaz H, Gupta M. Creatinine Clearance.  StatPearls. Treasure Island (FL)2022. 
206. Levey AS, Inker LA, Coresh J. GFR Estimation: From Physiology to Public Health. American 
Journal of Kidney Diseases. 2014;63(5):820-34. 
207. Raman M, Middleton RJ, Kalra PA, Green D. Estimating renal function in old people: an in-
depth review. International Urology and Nephrology. 2017;49(11):1979-88. 
208. Bae S, Kim SR, Kim MN, Shim WJ, Park SM. Impact of cardiovascular disease and risk factors 
on fatal outcomes in patients with COVID-19 according to age: a systematic review and meta-
analysis. Heart. 2021;107(5):373-80. 
209. Reyes FM, Hache-Marliere M, Karamanis D, Berto CG, Estrada R, Langston M, et al. 
Assessment of the Association of COPD and Asthma with In-Hospital Mortality in Patients with 
COVID-19. A Systematic Review, Meta-Analysis, and Meta-Regression Analysis. J Clin Med. 
2021;10(10). 
210. Singh AK, Gillies CL, Singh R, Singh A, Chudasama Y, Coles B, et al. Prevalence of co-
morbidities and their association with mortality in patients with COVID-19: A systematic review and 
meta-analysis. Diabetes Obes Metab. 2020;22(10):1915-24. 
211. Singh J, Malik P, Patel N, Pothuru S, Israni A, Chakinala RC, et al. Kidney disease and COVID-
19 disease severity-systematic review and meta-analysis. Clin Exp Med. 2022;22(1):125-35. 
212. Basra R, Whyte M, Karalliedde J, Vas P. What is the impact of microvascular complications 
of diabetes on severe COVID-19? Microvasc Res. 2022;140:104310. 



 
 

118 
 

213. Leon-Abarca JA, Memon RS, Rehan B, Iftikhar M, Chatterjee A. The impact of COVID-19 in 
diabetic kidney disease and chronic kidney disease: A population-based study. Acta Biomed. 
2020;91(4):e2020161. 
214. Gall MA, Hougaard P, Borch-Johnsen K, Parving HH. Risk factors for development of 
incipient and overt diabetic nephropathy in patients with non-insulin dependent diabetes mellitus: 
prospective, observational study. BMJ (Clinical research ed). 1997;314(7083):783-8. 
215. Gross JL, de Azevedo MJ, Silveiro SP, Canani LH, Caramori ML, Zelmanovitz T. Diabetic 
nephropathy: diagnosis, prevention, and treatment. Diabetes Care. 2005;28(1):164-76. 
216. Targher G, Bertolini L, Tessari R, Zenari L, Arcaro G. Retinopathy predicts future 
cardiovascular events among type 2 diabetic patients: The Valpolicella Heart Diabetes Study. 
Diabetes Care. 2006;29(5):1178. 
217. Hillege HL, Fidler V, Diercks GF, van Gilst WH, de Zeeuw D, van Veldhuisen DJ, et al. Urinary 
albumin excretion predicts cardiovascular and noncardiovascular mortality in general population. 
Circulation. 2002;106(14):1777-82. 
218. Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, Jensen T, Kofoed-Enevoldsen A. 
Albuminuria reflects widespread vascular damage. The Steno hypothesis. Diabetologia. 
1989;32(4):219-26. 
219. Jensen JS, Feldt-Rasmussen B, Strandgaard S, Schroll M, Borch-Johnsen K. Arterial 
hypertension, microalbuminuria, and risk of ischemic heart disease. Hypertension. 2000;35(4):898-
903. 
220. Holman N, Knighton P, Kar P, O'Keefe J, Curley M, Weaver A, 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(10):823-33. 
221. Atkins JL, Masoli JAH, Delgado J, Pilling LC, Kuo CL, Kuchel GA, et al. Preexisting 
Comorbidities Predicting COVID-19 and Mortality in the UK Biobank Community Cohort. J Gerontol 
A Biol Sci Med Sci. 2020;75(11):2224-30. 
222. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic 
comorbidity in longitudinal studies: development and validation. J Chronic Dis. 1987;40(5):373-83. 
223. Austin SR, Wong YN, Uzzo RG, Beck JR, Egleston BL. Why Summary Comorbidity Measures 
Such As the Charlson Comorbidity Index and Elixhauser Score Work. Med Care. 2015;53(9):e65-72. 
224. Christensen DM, Strange JE, Gislason G, Torp-Pedersen C, Gerds T, Fosbol E, et al. Charlson 
Comorbidity Index Score and Risk of Severe Outcome and Death in Danish COVID-19 Patients. J Gen 
Intern Med. 2020;35(9):2801-3. 
225. Argun Baris S, Boyaci H, Akhan S, Mutlu B, Deniz M, Basyigit I. Charlson Comorbidity Index in 
Predicting Poor Clinical Outcomes and Mortality in Patients with COVID-19. Turk Thorac J. 
2022;23(2):145-53. 
226. Scheen AJ. Statins and clinical outcomes with COVID-19: Meta-analyses of observational 
studies. Diabetes Metab. 2021;47(6):101220. 
227. Vahedian-Azimi A, Mohammadi SM, Banach M, Beni FH, Guest PC, Al-Rasadi K, et al. 
Improved COVID-19 Outcomes following Statin Therapy: An Updated Systematic Review and Meta-
analysis. Biomed Res Int. 2021;2021:1901772. 
228. Kwiatkowski S, Borowski D, Kajdy A, Poon LC, Rokita W, Wielgos M. Why we should not stop 
giving aspirin to pregnant women during the COVID‐19 pandemic. Ultrasound in Obstetrics &amp; 
Gynecology. 2020;55(6):841-3. 
229. Day M. Covid-19: ibuprofen should not be used for managing symptoms, say doctors and 
scientists. BMJ (Clinical research ed). 2020:m1086. 
230. Baral R, Tsampasian V, Debski M, Moran B, Garg P, Clark A, et al. Association Between 
Renin-Angiotensin-Aldosterone System Inhibitors and Clinical Outcomes in Patients With COVID-19: 
A Systematic Review and Meta-analysis. JAMA Netw Open. 2021;4(3):e213594. 
231. Aluganti Narasimhulu C, Singla DK. Mechanisms of COVID-19 pathogenesis in diabetes. Am J 
Physiol Heart Circ Physiol. 2022;323(3):H403-H20. 
232. Wang A, Zhao W, Xu Z, Gu J. Timely blood glucose management for the outbreak of 2019 
novel coronavirus disease (COVID-19) is urgently needed. Diabetes Res Clin Pract. 2020;162:108118. 



 
 

119 
 

233. Kreuzer D, Nikoopour E, Au BC, Krougly O, Lee-Chan E, Summers KL, et al. Reduced 
interferon-alpha production by dendritic cells in type 1 diabetes does not impair immunity to 
influenza virus. Clin Exp Immunol. 2015;179(2):245-55. 
234. Sathish T, Kapoor N, Cao Y, Tapp RJ, Zimmet P. Proportion of newly diagnosed diabetes in 
COVID-19 patients: A systematic review and meta-analysis. Diabetes Obes Metab. 2021;23(3):870-4. 
235. Yang JK, Lin SS, Ji XJ, Guo LM. Binding of SARS coronavirus to its receptor damages islets and 
causes acute diabetes. Acta Diabetol. 2010;47(3):193-9. 
236. Iqbal A, Prince LR, Novodvorsky P, Bernjak A, Thomas MR, Birch L, et al. Effect of 
Hypoglycemia on Inflammatory Responses and the Response to Low-Dose Endotoxemia in Humans. 
J Clin Endocrinol Metab. 2019;104(4):1187-99. 
237. Zhou J, Tan J. Diabetes patients with COVID-19 need better blood glucose management in 
Wuhan, China. Metabolism. 2020;107:154216. 
238. Jaeckel E, Manns M, Von Herrath M. Viruses and diabetes. Ann N Y Acad Sci. 2002;958:7-25. 
239. Sharma S, Ray A, Sadasivam B. Metformin in COVID-19: A possible role beyond diabetes. 
Diabetes Res Clin Pract. 2020;164:108183. 
240. Baker C, Retzik-Stahr C, Singh V, Plomondon R, Anderson V, Rasouli N. Should metformin 
remain the first-line therapy for treatment of type 2 diabetes? Therapeutic Advances in 
Endocrinology and Metabolism. 2021;12:204201882098022. 
241. Bramante CT, Ingraham NE, Murray TA, Marmor S, Hovertsen S, Gronski J, et al. Metformin 
and risk of mortality in patients hospitalised with COVID-19: a retrospective cohort analysis. The 
Lancet Healthy Longevity. 2021;2(1):e34-e41. 
242. Ceriello A, De Nigris V, Prattichizzo F. Why is hyperglycaemia worsening COVID-19 and its 
prognosis? Diabetes Obes Metab. 2020;22(10):1951-2. 
243. Penlioglou T, Papachristou S, Papanas N. COVID-19 and Diabetes Mellitus: May Old Anti-
diabetic Agents Become the New Philosopher's Stone? Diabetes Ther. 2020;11(6):1195-7. 
244. El-Arabey AA, Abdalla M. Metformin and COVID-19: A novel deal of an old drug. Journal of 
medical virology. 2020;92(11):2293-4. 
245. Pal R, Bhansali A. COVID-19, diabetes mellitus and ACE2: The conundrum. Diabetes Res Clin 
Pract. 2020;162:108132. 
246. Rodriguez-Hernandez H, Simental-Mendia LE, Rodriguez-Ramirez G, Reyes-Romero MA. 
Obesity and inflammation: epidemiology, risk factors, and markers of inflammation. Int J 
Endocrinol. 2013;2013:678159. 
247. Akirav EM, Henegariu O, Preston-Hurlburt P, Schmidt AM, Clynes R, Herold KC. The receptor 
for advanced glycation end products (RAGE) affects T cell differentiation in OVA induced asthma. 
PLoS One. 2014;9(4):e95678. 
248. Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J, Duhamel A, et al. High Prevalence 
of Obesity in Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) Requiring Invasive 
Mechanical Ventilation. Obesity (Silver Spring). 2020;28(7):1195-9. 
249. Khateeb J, Fuchs E, Khamaisi M. Diabetes and Lung Disease: A Neglected Relationship. Rev 
Diabet Stud. 2019;15:1-15. 
250. Ehrlich SF, Quesenberry CP, Jr., Van Den Eeden SK, Shan J, Ferrara A. Patients diagnosed 
with diabetes are at increased risk for asthma, chronic obstructive pulmonary disease, pulmonary 
fibrosis, and pneumonia but not lung cancer. Diabetes Care. 2010;33(1):55-60. 
251. Putcha N, Drummond MB, Wise RA, Hansel NN. Comorbidities and Chronic Obstructive 
Pulmonary Disease: Prevalence, Influence on Outcomes, and Management. Semin Respir Crit Care 
Med. 2015;36(4):575-91. 
252. Brake SJ, Barnsley K, Lu W, McAlinden KD, Eapen MS, Sohal SS. Smoking Upregulates 
Angiotensin-Converting Enzyme-2 Receptor: A Potential Adhesion Site for Novel Coronavirus SARS-
CoV-2 (Covid-19). J Clin Med. 2020;9(3). 
253. Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH. The Pathophysiology of 
Gestational Diabetes Mellitus. Int J Mol Sci. 2018;19(11). 
254. Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High expression of ACE2 receptor of 
2019-nCoV on the epithelial cells of oral mucosa. International Journal of Oral Science. 2020;12(1). 



 
 

120 
 

255. Liao YC, Liang WG, Chen FW, Hsu JH, Yang JJ, Chang MS. IL-19 induces production of IL-6 
and TNF-alpha and results in cell apoptosis through TNF-alpha. J Immunol. 2002;169(8):4288-97. 
256. Wang F, Hou H, Luo Y, Tang G, Wu S, Huang M, et al. The laboratory tests and host 
immunity of COVID-19 patients with different severity of illness. JCI Insight. 2020;5(10). 
257. Voiriot G, Chalumeau M, Messika J, Basille D, Philippe B, Ricard JD, et al. [Risks associated 
with the use of non-steroidal anti-inflammatory drugs during pneumonia]. Rev Mal Respir. 
2018;35(4):430-40. 
258. Bianconi V, Violi F, Fallarino F, Pignatelli P, Sahebkar A, Pirro M. Is Acetylsalicylic Acid a Safe 
and Potentially Useful Choice for Adult Patients with COVID-19 ? Drugs. 2020;80(14):1383-96. 
259. Antonelli Incalzi R, Fuso L, Giordano A, Pitocco D, Maiolo C, Calcagni ML, et al. 
Neuroadrenergic denervation of the lung in type I diabetes mellitus complicated by autonomic 
neuropathy. Chest. 2002;121(2):443-51. 
260. Kuo CL, Pilling LC, Atkins JL, Masoli JAH, Delgado J, Kuchel GA, et al. APOE e4 Genotype 
Predicts Severe COVID-19 in the UK Biobank Community Cohort. J Gerontol A Biol Sci Med Sci. 
2020;75(11):2231-2. 
261. Brown EE, Kumar S, Rajji TK, Pollock BG, Mulsant BH. Anticipating and Mitigating the Impact 
of the COVID-19 Pandemic on Alzheimer's Disease and Related Dementias. Am J Geriatr Psychiatry. 
2020;28(7):712-21. 
262. Prompetchara E, Ketloy C, Palaga T. Immune responses in COVID-19 and potential vaccines: 
Lessons learned from SARS and MERS epidemic. Asian Pac J Allergy Immunol. 2020;38(1):1-9. 
263. Yang L, Wang W, Wang X, Zhao J, Xiao L, Gui W, et al. Creg in Hepatocytes Ameliorates Liver 
Ischemia/Reperfusion Injury in a TAK1-Dependent Manner in Mice. Hepatology. 2019;69(1):294-
313. 
264. Puelles VG, Lutgehetmann M, Lindenmeyer MT, Sperhake JP, Wong MN, Allweiss L, et al. 
Multiorgan and Renal Tropism of SARS-CoV-2. N Engl J Med. 2020;383(6):590-2. 
265. Ronco C, Reis T. Kidney involvement in COVID-19 and rationale for extracorporeal therapies. 
Nature Reviews Nephrology. 2020;16(6):308-10. 
266. Husain-Syed F, Slutsky AS, Ronco C. Lung-Kidney Cross-Talk in the Critically Ill Patient. Am J 
Respir Crit Care Med. 2016;194(4):402-14. 
267. Gallo G, Calvez V, Savoia C. Hypertension and COVID-19: Current Evidence and Perspectives. 
High Blood Pressure &amp; Cardiovascular Prevention. 2022;29(2):115-23. 
268. Savoia C, Schiffrin EL. Inflammation in hypertension. Curr Opin Nephrol Hypertens. 
2006;15(2):152-8. 
269. Savoia C, Volpe M, Kreutz R. Hypertension, a Moving Target in COVID-19: Current Views and 
Perspectives. Circ Res. 2021;128(7):1062-79. 
270. Guzik TJ, Mohiddin SA, Dimarco A, Patel V, Savvatis K, Marelli-Berg FM, et al. COVID-19 and 
the cardiovascular system: implications for risk assessment, diagnosis, and treatment options. 
Cardiovascular Research. 2020;116(10):1666-87. 
271. Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes mellitus at 
increased risk for COVID-19 infection? The Lancet Respiratory Medicine. 2020;8(4):e21. 
272. Shin YH, Min JJ, Lee JH, Kim EH, Kim GE, Kim MH, et al. The effect of fluvastatin on cardiac 
fibrosis and angiotensin-converting enzyme-2 expression in glucose-controlled diabetic rat hearts. 
Heart Vessels. 2017;32(5):618-27. 
273. Lee IT, Nakayama T, Wu CT, Goltsev Y, Jiang S, Gall PA, et al. ACE2 localizes to the 
respiratory cilia and is not increased by ACE inhibitors or ARBs. Nat Commun. 2020;11(1):5453. 
274. Savoia C, Arrabito E, Parente R, Nicoletti C, Madaro L, Battistoni A, et al. Mas Receptor 
Activation Contributes to the Improvement of Nitric Oxide Bioavailability and Vascular Remodeling 
During Chronic AT1R (Angiotensin Type-1 Receptor) Blockade in Experimental Hypertension. 
Hypertension. 2020;76(6):1753-61. 
275. Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, et al. Structure of the SARS-CoV-2 spike receptor-
binding domain bound to the ACE2 receptor. Nature. 2020;581(7807):215-20. 



 
 

121 
 

276. Duarte M, Pelorosso F, Nicolosi LN, Salgado MV, Vetulli H, Aquieri A, et al. Telmisartan for 
treatment of Covid-19 patients: An open multicenter randomized clinical trial. EClinicalMedicine. 
2021;37:100962. 
277. Cappuccio FP, Siani A. Covid-19 and cardiovascular risk: Susceptibility to infection to SARS-
CoV-2, severity and prognosis of Covid-19 and blockade of the renin-angiotensin-aldosterone 
system. An evidence-based viewpoint. Nutrition, Metabolism and Cardiovascular Diseases. 
2020;30(8):1227-35. 

 

 

 

 



 
 

122 
 

Chapter 6 - Appendix



 
 

123 
 

Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Male sex 

19 observational studies not serious a not serious not serious not serious None RR 1.38 
(1.19 to 1.59) 

⨁⨁⨁⨁ 
HIGH 

Age >65 years  

10  observational studies  not serious a not serious  not serious  not serious  strong association  RR 2.67 
(1.73 to 4.12) 

⨁⨁⨁⨁ 
HIGH 

Age per 5 years  

12  observational studies  not serious b not serious  not serious  not serious  dose response gradient  RR 1.26 
(1.15 to 1.38) 

⨁⨁⨁◯ 
MODERATE 

BMI, per 5 kg/m² 

5 observational studies  not serious  serious c not serious  not serious  None RR 1.05 
(0.95 to 1.16) 

⨁⨁⨁◯ 
MODERATE 

Overweight 

4  observational studies  not serious  not serious  not serious  very serious d none  RR 0.91 
(0.66 to 1.27) 

⨁⨁◯◯ 
LOW 

Obesity 

9  observational studies  not serious  not serious  not serious  not serious  None RR 1.54 
(1.11 to 2.15) 

⨁⨁⨁⨁ 
HIGH 

Smoking (smoker vs not smoker) 

4  observational studies  not serious  serious c  not serious  not serious  none  RR 0.92 
(0.81 to 1.04) 

⨁⨁⨁◯ 
MODERATE 

Ethnicity: African American vs. Non-Hispanic white 

4 observational studies  very serious e not serious  not serious  very serious d None RR 0.98 
(0.73 to 1.31) 

⨁◯◯◯ 
VERY LOW 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Ethnicity: Hispanic vs. Non-Hispanic white 

2 observational studies  not serious  not serious  not serious  extremely serious d,f None RR 0.50 
(0.17 to 1.44) 

⨁◯◯◯ 
VERY LOW 

Type 2 vs T1D 

3  observational studies  extremely 
serious g 

not serious  not serious  very serious d none  RR 1.35 
(0.58 to 3.13) 

⨁◯◯◯ 
VERY LOW 

Diabetes duration, per 5 years 

2  observational studies  extremely 
serious g 

not serious  not serious  extremely serious h none RR 1.47 
(0.13 to 13.79) 

⨁◯◯◯ 
VERY LOW 

HbA1c, 53-75 vs <53 mmol/mol (7-9 vs <7%)   

3  observational studies  serious i not serious  not serious  very serious d none  RR 0.91 
(0.54 to 1.54) 

⨁◯◯◯ 
VERY LOW 

HbA1c, >75 vs <53 mmol/mol (>9 vs <7%) 

5  observational studies  extremely 
serious g 

not serious  not serious    serious j none  RR 0.89 
(0.76 to 1.05) 

⨁◯◯◯ 
VERY LOW 

HbA1c per 20 mmol/mol increase  

4  observational studies  not serious  not serious  not serious  not serious none  RR 0.98 
(0.92 to 1.05) 

⨁⨁⨁⨁ 
HIGH 

Blood glucose at admission >7 mmol/l 

3 observational studies  not serious  not serious  not serious  serious k strong association RR 2.75 
(1.27 to 5.97) 

⨁⨁⨁⨁ 
HIGH 

Blood glucose at admission >11 mmol/ l 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

5  observational studies  extremely 
serious g 

not serious  not serious  serious j none RR 1.83 
(0.89 to 3.37) 

⨁◯◯◯ 
VERY LOW 

Blood glucose at admission, per 5 mmol/l 

6  observational studies  very serious e not serious  not serious  not serious  dose response gradient  RR 1.15 
(1.01 to 1.32) 

⨁⨁⨁◯ 
MODERATE 

Poorly controlled 

2  observational studies  serious i serious l not serious  extremely serious h strong association  RR 2.27 
(0.20 to 26.39) 

⨁⨁◯◯ 
LOW 

Use of insulin 

12  observational studies  not serious  not serious  not serious  not serious  none  RR 1.62 
(1.13 to 2.33) 

⨁⨁⨁⨁ 
HIGH 

Use of metformin 

11 observational studies  not serious  not serious  not serious  not serious  none  RR 0.68 
(0.51 to 0.89) 

⨁⨁⨁⨁ 
HIGH 

Use of DPP-4 inhibitors 

9  observational studies  not serious  serious m not serious  serious j none  RR 0.80 
(0.58 to 1.11) 

⨁⨁◯◯ 
LOW 

Use of sulfonylurea/glinide 

6 observational studies  very serious e not serious  not serious  very serious d none  RR 0.93 
(0.71 to 1.21) 

⨁◯◯◯ 
VERY LOW 

Use of GLP1-RA 

4 observational studies  very serious e not serious  not serious  not serious  none RR 0.71 
(0.53 to 0.93) 

⨁⨁◯◯ 
LOW 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Use of SGLT-2 inhibitors 

3 observational studies  serious i not serious not serious very serious d none RR 1.08 
(0.56 to 2.07) 

⨁◯◯◯ 
VERY LOW 

Use of thiazolidinedione 

3 observational studies  serious i serious n not serious very serious d none RR 0.78 
(0.30 to 2.01) 

⨁◯◯◯ 
VERY LOW 

Hypertension 

18  observational studies  serious i not serious not serious  serious j none  RR 1.14 
(0.96 to 1.36) 

⨁⨁◯◯ 
LOW 

Dyslipidaemia 

4 observational studies  very serious e not serious not serious  not serious  none RR 1.02 
(0.89 to 1.18) 

⨁⨁◯◯ 
LOW 

Total CVD 

14  observational studies  not serious  not serious not serious  not serious  none  RR 1.33 
(1.11 to 1.59) 

⨁⨁⨁⨁ 
HIGH 

CAD 

5 observational studies  very serious e not serious not serious  not serious  none RR 1.78 
(1.21 to 2.64) 

⨁⨁◯◯ 
LOW 

Myocardial infarction (MI) 

2 observational studies  very serious e not serious not serious serious j none RR 1.13 
(0.92 to 1.37) 

⨁◯◯◯ 
VERY LOW 

Heart failure (HF) 

5 observational studies  very serious e not serious not serious not serious none RR 1.48 
(1.19 to 1.83) 

⨁⨁◯◯ 
LOW 

Cerebrovascular disease 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

8  observational studies  very serious e serious o  not serious  very serious d none RR 1.08 
(0.64 to 1.80) 

⨁◯◯◯ 
VERY LOW 

Stroke 

2 observational studies  very serious e not serious not serious  very serious d none RR 1.05 
(0.71 to 1.55) 

⨁◯◯◯ 
VERY LOW 

Microvascular complications 

3 observational studies  not serious  not serious  serious p not serious none RR 1.55 
(1.08 to 2.22) 

⨁⨁⨁◯ 
MODERATE 

CKD 

14  observational studies  not serious a not serious  not serious  not serious  none  RR 1.75 
(1.36 to 2.25) 

⨁⨁⨁⨁ 
HIGH 

Diabetic foot 

2 observational studies  extremely 
serious g 

not serious  not serious  extremely serious h strong association  RR 6.07 
(0.22 to 
170.87) 

⨁◯◯◯ 
VERY LOW 

Liver disease 

3 observational studies  serious i not serious  not serious  very serious d strong association RR 2.20 
(0.81 to 6.02) 

⨁⨁◯◯ 
LOW 

Chronic pulmonary diseases, not specified 

3 observational studies  not serious  not serious  not serious  very serious d none RR 1.32 
(0.72 to 2.44) 

⨁◯◯◯ 
VERY LOW 

COPD 

9  observational studies  not serious a not serious  not serious  not serious  none  RR 1.31 
(1.17 to 1.47) 

⨁⨁⨁⨁ 
HIGH 

Asthma  
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

5 observational studies  very serious e not serious  not serious  serious j none RR 0.84 
(0.64 to 1.11) 

⨁◯◯◯ 
VERY LOW 

Obstructive sleep apnea 

2 observational studies  not serious  not serious  not serious  very serious d none RR 0.92 
(0.56 to 1.49) 

⨁⨁◯◯ 
LOW 

Cancer 

10  observational studies  very serious e not serious  not serious  serious j none  RR 1.06 
(0.92 to 1.22) 

⨁◯◯◯ 
VERY LOW 

Dementia/cognitive impairment 

4 observational studies  serious i not serious  not serious  not serious  none RR 1.76 
(1.21 to 2.58) 

⨁⨁⨁◯ 
MODERATE 

Any comorbidity 

2  observational studies  extremely 
serious g 

serious q  not serious  very serious d none  RR 1.17 
(0.31 to 4.37) 

⨁◯◯◯ 
VERY LOW 

≥3 comorbidities 

2 observational studies  very serious e very serious r not serious  extremely serious h strong association RR 10.36 
(0.64 to 
168.30) 

⨁◯◯◯ 
VERY LOW 

Charlson index per 1 unit 

2 observational studies  serious i not serious  not serious  not serious  none RR 1.33 
(1.13 to 1.57) 

⨁⨁⨁◯ 
MODERATE 

Use of statins 

6 observational studies  not serious  not serious  not serious  serious j none  RR 1.31 
(0.88 to 1.95) 

⨁⨁⨁◯ 
MODERATE 

Use of renin inhibitors 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

11  observational studies  serious i not serious  not serious  very serious d none  RR 0.93 
(0.72 to 1.21) 

⨁◯◯◯ 
VERY LOW 

Use of beta-blockers 

3 observational studies  very serious e serious s not serious  very serious d none RR 1.44 
(0.59 to 3.54) 

⨁◯◯◯ 
VERY LOW 

Use of calcium channel blocker (CCB) 

2 observational studies  extremely 
serious g 

not serious  not serious  serious j none RR 1.20 
(0.99 to 1.45) 

⨁◯◯◯ 
VERY LOW 

Use of diuretics 

3 observational studies  very serious e not serious  not serious  serious j none RR 1.29 
(0.83 to 2.02) 

⨁◯◯◯ 
VERY LOW 

Use of acetylsalicylic acid (ASA) 

2 observational studies  not serious  serious t  not serious  serious u strong association  RR 2.47 
(1.41 to 4.31) 

⨁⨁⨁◯ 
MODERATE 

Use of antiplatelet/anticoagulant 

4 observational studies  very serious e not serious  not serious  very serious d none RR 1.01 
(0.67 to 1.54) 

⨁◯◯◯ 
VERY LOW 

CRP, per 5 mg/l 

7 observational studies  very serious e not serious  not serious  not serious  dose response gradient  RR 1.07 
(1.02 to 1.12) 

⨁⨁⨁◯ 
MODERATE 

Procalcitonin, per 1 ng/ml 

2 observational studies  very serious e not serious  not serious  serious f dose response gradient  RR 1.20 
(1.06 to 1.35) 

⨁⨁◯◯ 
LOW 

Albumin, per 1 g/l 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

3 observational studies  very serious e not serious  not serious  serious j none RR 0.80 
(0.63 to 1.01) 

⨁◯◯◯ 
VERY LOW 

ALT, per 5 unit/l 

3  observational studies  very serious e not serious  not serious  not serious none  RR 1.00 
(0.83 to 1.20) 

⨁⨁◯◯ 
LOW 

AST, per 5 unit/l 

4 observational studies  very serious e not serious  not serious  not serious  dose response gradient  RR 1.42 
(1.06 to 1.90) 

⨁⨁⨁◯ 
MODERATE 

eGFR per 10 mL/min/1.73 m2 

3 observational studies  serious i not serious  not serious  not serious dose response gradient  RR 0.78 
(0.64 to 0.93) 

⨁⨁⨁⨁ 
HIGH 

Urea, per 1 mmol/L 

2 observational studies  extremely 
serious g 

not serious  not serious  serious f none RR 1.03 
(0.96 to 1.09) 

⨁◯◯◯ 
VERY LOW 

Creatinine, per 10 µmol/l 

4  observational studies  very serious e not serious  not serious  not serious  none  RR 1.03 
(1.00 to 1.06) 

⨁⨁◯◯ 
LOW 

White blood cell count, per 1x109/l 

5  observational studies  very serious e serious v not serious  serious j none RR 1.12 
(0.98 to 1.27) 

⨁◯◯◯ 
VERY LOW 

Neutrophils, per 1x109/l 

3 observational studies  extremely 
serious g 

serious w not serious  serious j none RR 1.10 
(0.93 to 1.29) 

⨁◯◯◯ 
VERY LOW 

Lymphocyte count, per 1x109/l 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

5  observational studies  very serious e serious x not serious  not serious  strong association 
dose response gradient  

RR 0.29 
(0.11 to 0.73) 

⨁⨁⨁◯ 
MODERATE 

Platelet count, per 1x109/l 

3  observational studies  serious i not serious  not serious  not serious  none RR 0.99 
(0.98 to 1.00) 

⨁⨁⨁◯ 
MODERATE 

Lactatdehydrogenase, per 10 unit/l 

4 observational studies  very serious e not serious  not serious  not serious  none  RR 1.05 
(0.97 to 1.13) 

⨁⨁◯◯ 
LOW 

D-Dimer, per 1 mg/L 

3  observational studies  serious i serious c not serious  serious  f none RR 1.00 
(0.97 to 1.03) 

⨁◯◯◯ 
VERY LOW 

Haemoglobin, per 5 g/dL 

2 observational studies  serious i very serious y not serious  extremely serious h strong association RR 0.47 
(0.07 to 2.98) 

⨁◯◯◯ 
VERY LOW 
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Appendix Table 1: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Death   

Certainty assessment 
Relative risk 

(95% CI) 
Certainty 

№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

a. High proportion (>25-50%) of evidence from studies with high risk of bias; however, in stratified analysis clear association in low/moderate Rob studies.  

b. Very high proportion (>50-90%) of evidence from studies with high risk of bias; however, in stratified analysis clear association in low/moderate Rob studies. 

c. One study with strong association included, but it has a small weight 

d. 95% CI includes the null value and includes important benefit AND harm 

e. Very high proportion (>50-90%) of evidence from studies with high risk of bias 

f. Number of participants: n<400  

g. Extremely high proportion (>90-100%) of evidence from studies with high risk of bias 

h. 95% CI includes the null value and includes important benefit AND harm and is extremely wide 

i. High proportion (>25-50%) of evidence from studies with high risk of bias 

j. 95% CI includes the null value and includes important benefit OR harm  

k. Only three studies and wide 95% CI 

l. RR ranged from 0.63 to 7.69 and minimal overlap of 95% CIs 

m. RR ranged from 0.13 to 1.48 and minimal overlap of 95% CIs 

n. RR ranged from 0.32 to 1.37 and minimal overlap of 95% CIs 

o. RR ranged from 0.15 to 5.32 and minimal overlap of 95% CIs 

p. Microvascular diseases not further explained and indirectness is possible. 

q. RR ranged from 0.57 to 2.20 and minimal overlap of 95% CIs 

r. RR ranged from 2.57 to 44.22 and no overlap of 95% CIs 

s. One study with strong harmful and one with strong beneficial association included. 

t. RR ranged from 1.76 to 3.14 and minimal overlap of 95% CIs 

u. Only two studies and wide 95% CI 

v. RR ranged from 0.76 to 1.54 and partly no overlap of 95% CIs 

w. RR ranged from 0.76 to 1.24 and partly no overlap of 95% CIs 

x. RR ranged from 0.01 to 0.81 and partly no overlap of 95% CIs 

y. RR ranged from 0.54 to 1.55 and no overlap of 95% Cis 

 
Certainty of evidence for associations between phenotypes of people with diabetes and  COVID-19-related death - modified by Schlesinger et al (80)  
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Male sex 

28  observational studies  serious a not serious  not serious  not serious  none  RR 1.24 
(1.12 to 1.39) 

⨁⨁⨁◯ 
MODERATE 

Age >65 years  

11  observational studies  not serious b not serious  not serious  not serious  none RR 1.92 
(1.42 to 2.61) 

⨁⨁⨁⨁ 
HIGH 

Age per 5 years  

18  observational studies  very serious c not serious  not serious  not serious  dose response gradient  RR 1.22 
(1.11 to 1.28) 

⨁⨁⨁◯ 
MODERATE 

BMI, per 5 kg/m² 

9 observational studies  not serious  serious d not serious  not serious  none RR 1.01 
(0.84 to 1.20) 

⨁⨁⨁◯ 
MODERATE 

Overweight 

6  observational studies  not serious  not serious  not serious  serious e none  RR 1.08 
(0.84 to 1.39) 

⨁⨁⨁◯ 
MODERATE 

Obesity 

13 observational studies  not serious  not serious  not serious  not serious  publication bias suspected RR 1.51 
(1.19 to 1.91) 

⨁⨁⨁◯ 
MODERATE 

Smoking (smoker vs not smoker) 

5 observational studies  not serious  serious f not serious  serious e none  RR 0.87 
(0.68 to 1.11) 

⨁⨁◯◯ 
LOW 

Ethnicity: African American vs. Non-Hispanic white 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

5 observational studies  very serious c not serious  not serious  serious e none RR 1.02 
(0.81 to 1.29) 

⨁◯◯◯ 
VERY LOW 

Ethnicity: Hispanic vs. Non-Hispanic white 

2 observational studies  not serious  serious g  not serious  extremely serious h none RR 1.10 
(0.14 to 8.67) 

⨁◯◯◯ 
VERY LOW 

Type 2 vs T1D 

4 observational studies  extremely 
serious i 

not serious  not serious  very serious j none  RR 1.14 
(0.63 to 2.05) 

⨁◯◯◯ 
VERY LOW 

Diabetes duration, per 5 years 

4 observational studies  extremely 
serious i 

not serious  not serious  very serious j none  RR 1.05 
(0.77 to 1.40) 

⨁◯◯◯ 
VERY LOW 

HbA1c, 53-75 vs <53 mmol/mol (7-9 vs <7%)   

9  observational studies  very serious c not serious  not serious  not serious none RR 1.42 
(1.01 to 2.00) 

⨁⨁◯◯ 
LOW 

HbA1c, >75 vs <53 mmol/mol (>9 vs <7%) 

7  observational studies  very serious c serious k not serious  very serious j none  RR 1.04 
(0.73 to 1.46) 

⨁◯◯◯ 
VERY LOW 

HbA1c per 20 mmol/mol increase  

13  observational studies  very serious c not serious  not serious  not serious dose response gradient  RR 1.12 
(1.01 to 1.24) 

⨁⨁⨁◯ 
MODERATE 

Blood glucose at admission >7 mmol/l 

3 observational studies  serious a not serious  not serious  serious l strong association 
dose response gradient  

RR 2.79 
(1.35 to 5.75) 

⨁⨁⨁⨁ 
HIGH 

Blood glucose at admission >11 mmol/ l 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

6 observational studies  very serious c not serious  not serious  serious e dose response gradient  RR 1.52 
(0.84 to 2.67) 

⨁⨁◯◯ 
LOW 

Blood glucose at admission, per 5 mmol/l 

8  observational studies  very serious c not serious  not serious  not serious  dose response gradient  RR 1.13 
(1.00 to 1.29) 

⨁⨁⨁◯ 
MODERATE 

Poorly controlled 

2  observational studies  serious a not serious not serious  very serious j none RR 1.48 
(0.41 to 5.33) 

⨁◯◯◯ 
VERY LOW 

Use of insulin 

16  observational studies  not serious b not serious  not serious  not serious  none  RR 1.49 
(1.12 to 1.99) 

⨁⨁⨁⨁ 
HIGH 

Use of metformin 

15 observational studies  serious a not serious  not serious  not serious  none  RR 0.75 
(0.58 to 0.96) 

⨁⨁⨁◯ 
MODERATE 

Use of DPP-4 inhibitors 

13  observational studies  not serious  serious m not serious  not serious  none  RR 0.95 
(0.80 to 1.14) 

⨁⨁⨁◯ 
MODERATE 

Use of sulfonylurea/glinide 

9 observational studies  very serious c not serious  not serious  serious e none  RR 1.13 
(0.84 to 1.51) 

⨁◯◯◯ 
VERY LOW 

Use of GLP1-RA 

5 observational studies  serious a not serious  not serious  very serious j none RR 0.77 
(0.47 to 1.25) 

⨁◯◯◯ 
VERY LOW 

Use of SGLT-2 inhibitors 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

6 observational studies  not serious not serious not serious very serious j none RR 0.79 
(0.49 to 1.28) 

⨁⨁◯◯ 
LOW 

Use of thiazolidinedione 

6 observational studies  serious a not serious not serious very serious j none RR 1.26 
(0.74 to 2.15) 

⨁◯◯◯ 
VERY LOW 

Use of alpha-glucosidase inhibitors 

3 observational studies  very serious c not serious not serious very serious j none RR 0.71 
(0.24 to 2.12) 

⨁◯◯◯ 
VERY LOW 

Hypertension 

24  observational studies  not serious b not serious not serious  not serious  none  RR 1.28 
(1.13 to 1.44) 

⨁⨁⨁⨁ 
HIGH 

Dyslipidaemia 

5 observational studies  very serious c not serious not serious  not serious  none RR 1.00 
(0.88 to 1.14) 

⨁⨁◯◯ 
LOW 

Total CVD 

18  observational studies  serious a not serious not serious  not serious  none  RR 1.31 
(1.11 to 1.55) 

⨁⨁⨁◯ 
MODERATE 

CAD 

8 observational studies  very serious c serious n not serious serious e none RR 1.22 
(0.88 to 1.68) 

⨁◯◯◯ 
VERY LOW 

Heart failure (HF) 

7 observational studies  very serious c not serious not serious serious e none RR 1.20 
(0.88 to 1.62) 

⨁◯◯◯ 
VERY LOW 

Cerebrovascular disease 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

11  observational studies  very serious c serious o not serious  very serious j none RR 1.03 
(0.74 to 1.45) 

⨁◯◯◯ 
VERY LOW 

Stroke 

3 observational studies  extremely 
serious i 

not serious not serious  not serious  none RR 0.99 
(0.83 to 1.18) 

⨁◯◯◯ 
VERY LOW 

Microvascular complications 

3 observational studies  very serious c not serious  not serious  serious e none RR 1.20 
(0.87 to 1.65) 

⨁◯◯◯ 
VERY LOW 

CKD 

18  observational studies  not serious b not serious  not serious  not serious  none  RR 1.67 
(1.36 to 2.05) 

⨁⨁⨁⨁ 
HIGH 

Retinopathy 

3 observational studies  very serious c not serious  not serious  very serious p strong association RR 2.86 
(0.81 to 10.08) 

⨁◯◯◯ 
VERY LOW 

Diabetic foot 

4 observational studies  very serious c serious q not serious  very serious j none RR 1.92 
(0.47 to 7.74) 

⨁◯◯◯ 
VERY LOW 

Liver disease 

4 observational studies  very serious c not serious  not serious  very serious j none RR 1.92 
(0.79 to 4.68) 

⨁◯◯◯ 
VERY LOW 

Chronic pulmonary diseases, not specified 

6 observational studies  serious a not serious  not serious  not serious  none RR 1.52 
(1.19 to 1.96) 

⨁⨁⨁◯ 
MODERATE 

COPD 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

12  observational studies  not serious b not serious not serious  serious e none  RR 1.18 
(0.95 to 1.48) 

⨁⨁⨁◯ 
MODERATE 

Asthma  

6 observational studies  very serious c not serious  not serious  serious e none RR 0.87 
(0.69 to 1.09) 

⨁◯◯◯ 
VERY LOW 

Obstructive sleep apnea 

2 observational studies  extremely 
serious i 

not serious  not serious  not serious  none RR 1.36 
(1.04 to 1.76) 

⨁◯◯◯ 
VERY LOW 

Cancer 

13  observational studies  very serious c not serious  not serious  serious e none  RR 1.08 
(0.95 to 1.24) 

⨁◯◯◯ 
VERY LOW 

Dementia/cognitive impairment 

5 observational studies  serious a not serious  not serious  serious e none RR 1.59 
(0.96 to 2.64) 

⨁⨁◯◯ 
LOW 

Any comorbidity 

2  observational studies  extremely 
serious i 

not serious  not serious  not serious  strong association RR 2.06 
(1.17 to 3.61) 

⨁⨁◯◯ 
LOW 

≥3 comorbidities 

2 observational studies  very serious c serious r not serious  extremely serious p strong association RR 12.06 
(0.99 to 
146.39) 

⨁◯◯◯ 
VERY LOW 

Charlson index per 1 unit 

2 observational studies  serious a not serious  not serious  serious e none RR 1.22 
(0.90 to 1.66) 

⨁⨁◯◯ 
LOW 

Use of statins 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

9 observational studies  serious a not serious  not serious  serious e none  RR 1.20 
(0.82 to 1.77) 

⨁⨁◯◯ 
LOW 

Use of renin inhibitors 

20  observational studies  serious a not serious  not serious  serious e none  RR 1.03 
(0.83 to 1.28) 

⨁⨁◯◯ 
LOW 

Use of beta-blockers 

3 observational studies  very serious c serious s not serious  very serious j none RR 1.30 
(0.48 to 3.49) 

⨁◯◯◯ 
VERY LOW 

Use of calcium channel blocker (CCB) 

4 observational studies  very serious c serious s not serious  very serious j none RR 1.35 
(0.62 to 2.90) 

⨁◯◯◯ 
VERY LOW 

Use of diuretics 

3 observational studies  extremely 
serious i 

not serious  not serious  serious e none RR 1.09 
(0.92 to 1.29) 

⨁◯◯◯ 
VERY LOW 

         

Use of acetylsalicylic acid (ASA) 

2 observational studies  not serious  not serious  serious t not serious strong association  RR 2.25 
(1.89 to 2.67) 

⨁⨁⨁⨁ 
HIGH 

Use of antiplatelet/anticoagulant 

5 observational studies  very serious c not serious  not serious  serious e none RR 0.91 
(0.79 to 1.05) 

⨁◯◯◯ 
VERY LOW 

Triglycerides, per 1mmol/L 

2 observational studies  extremely 
serious i 

serious u not serious  very serious j none RR 1.29 
(0.73 to 2.27) 

⨁◯◯◯ 
VERY LOW 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Total cholesterol, per 1mmol/L 

2 observational studies  extremely 
serious i 

not serious  not serious  very serious j none RR 0.90 
(0.66 to 1.22) 

⨁◯◯◯ 
VERY LOW 

CRP, per 5 mg/l 

8 observational studies  serious a not serious  not serious  not serious  dose response gradient  RR 1.06 
(1.01 to 1.11) 

⨁⨁⨁⨁ 
HIGH 

IL-6, per 5 pg/ml 

3 observational studies  very serious c not serious  not serious  not serious  dose response gradient  RR 1.07 
(1.04 to 1.10) 

⨁⨁⨁◯ 
MODERATE 

Procalcitonin, per 1 ng/ml 

3 observational studies  extremely 
serious i 

not serious  not serious  not serious  dose response gradient  RR 1.22 
(1.15 to 1.30) 

⨁⨁◯◯ 
LOW 

Albumin, per 1 g/l 

3 observational studies  very serious c not serious  not serious  serious e none RR 0.81 
(0.65 to 1.01) 

⨁◯◯◯ 
VERY LOW 

ALT, per 5 unit/l 

3  observational studies  very serious c not serious  not serious  not serious none  RR 0.99 
(0.85 to 1.16) 

⨁⨁◯◯ 
LOW 

AST, per 5 unit/l 

4 observational studies  very serious c not serious  not serious  not serious  dose response gradient  RR 1.46 
(1.09 to 1.95) 

⨁⨁⨁◯ 
MODERATE 

eGFR per 10 mL/min/1.73 m2 

3 observational studies  serious a not serious  not serious  not serious dose response gradient  RR 0.83 
(0.71 to 0.96) 

⨁⨁⨁⨁ 
HIGH 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

Urea, per 1 mmol/L 

2 observational studies  extremely 
serious i 

serious v not serious  not serious  none RR 0.95 
(0.84 to 1.06) 

⨁◯◯◯ 
VERY LOW 

Creatinine, per 10 µmol/l 

6  observational studies  very serious c not serious  not serious  not serious  dose response gradient  RR 1.03 
(1.01 to 1.06) 

⨁⨁⨁◯ 
MODERATE 

White blood cell count, per 1x109/l 

6 observational studies  serious a serious w not serious  not serious  none RR 1.08 
(0.96 to 1.20) 

⨁⨁◯◯ 
LOW 

Neutrophils, per 1x109/l 

4 observational studies  extremely 
serious i 

not serious  not serious  not serious  dose response gradient  RR 1.24 
(1.18 to 1.29) 

⨁⨁◯◯ 
LOW 

Lymphocyte count, per 1x109/l 

6 observational studies  serious a not serious not serious  not serious  strong association 
dose response gradient  

RR 0.38 
(0.20 to 0.71) 

⨁⨁⨁⨁ 
HIGH 

Neutrophil-to-lymphocyte ratio 

2 observational studies  very serious c serious v not serious  very serious j,x none RR 1.55 
(0.71 to 3.42) 

⨁◯◯◯ 
VERY LOW 

Platelet count, per 1x109/l 

5 observational studies  serious a not serious  not serious  not serious  none RR 0.99 
(0.99 to 1.00) 

⨁⨁⨁◯ 
MODERATE 

Lactatdehydrogenase, per 10 unit/l 

4 observational studies  serious a not serious  not serious  serious e none  RR 1.17 
(0.97 to 1.41) 

⨁◯◯◯ 
VERY LOW 
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Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

D-Dimer, per 1 mg/L 

3  observational studies  not serious serious s not serious  not serious  none RR 0.99 
(0.95 to 1.03) 

⨁⨁⨁◯ 
MODERATE 

Prothrombin time per 1 second 

2 observational studies  extremely 
serious i 

not serious  not serious  very serious j,x none RR 1.42 
(0.63 to 3.20) 

⨁◯◯◯ 
VERY LOW 

Erythrocyte sedimentation rate, per 1 mm/h 

2 observational studies  extremely 
serious i 

not serious  not serious  serious x dose response gradient RR 1.04 
(1.02 to 1.06) 

⨁◯◯◯ 
VERY LOW 

Haemoglobin, per 5 g/dL 

3 observational studies  serious a serious v not serious  extremely serious h strong association RR 0.47 
(0.07 to 2.98) 

⨁◯◯◯ 
VERY LOW 



 
 

143 
 

Appendix Table 2: Certainty of Evidence for Associations Between Phenotypes of Individuals with Diabetes and SARS-CoV-2 Regarding COVID-19-

Related Severity   

Certainty assessment 
Relative risk 
(95% CI) 

Certainty 
№ of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations 

CI: Confidence interval; RR: Risk ratio 

a. High proportion (>25-50%) of evidence from studies with high risk of bias 

b. Very high proportion (>50-90%) of evidence from studies with high risk of bias; however, in stratified analysis clear association in low/moderate Rob studies. 

c. Very high proportion (>50-90%) of evidence from studies with high risk of bias 

d. One study with strong association included 

e. 95% CI includes the null value and includes important benefit OR harm 

f. RR ranged from 0.70 to 3.82 and partly no overlap of 95% CI 

g. One study with strong harmful and one with strong beneficial association included 

h. 95% CI includes the null value and includes important benefit AND harm AND is extremely wide 

i. Extremely high proportion (>90-100%) of evidence from studies with high risk of bias 

j. 95% CI includes the null value and includes important benefit AND harm 

k. RR ranged from 0.57 to 4.95 and partly no overlap of 95% CI 

l. Only three studies and wide 95% CI 

m. RR ranged from 0.13 to 2.54 and partly no overlap of 95% CI 

n. RR ranged from 0.43 to 4.70 and partly no overlap of 95% CI 

o. RR ranged from 0.23 to 5.32 and partly no overlap of 95% CI 

p. 95% CI includes the null value and includes important benefit OR harm AND is extremely wide 

q. RR ranged from 0.67 to 49.82 and partly no overlap of 95% CI 

r. Only two studies and one of them implausibly large effect 

s. One study with strong harmful and one with strong beneficial association included 

t. Two studies with heterogeneous outcomes: one on hospitalization, one on death 

u. RR ranged from 0.97 to 1.73 and only minimal overlap of 95% CI 

v. I² >75% and partly no overlap of 95% CIs 

w. RR ranged from 0.76 to 1.54 and partly no overlap of 95% CI 

x. number of participants: n<400 

 

Certainty of evidence for associations between phenotypes of people with diabetes and  COVID-19-related severity - modified by Schlesinger et al (80) 
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Meta-Analysis of BMI and COVID-19 Outcomes  

 

 

 

Appendix Fig. 1: Meta-analysis on BMI, per 1 kg/m² increase and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

A) Death 

B) Severity of COVID-19 
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Meta-Analysis of Smoking and COVID-19 Outcomes  

  

 

  

 

 

Appendix Fig. 2: Meta-analysis on smoking compared to non-smoking and A) death and B) severity of COVID-

19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Overweight and COVID-19 Outcomes  

 

 

  

 

 

Appendix Fig. 3: Meta-analysis on overweight compared to normal weight and A) death and B) severity of 

COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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Funnel Plot of Obesity and COVID-19 Outcomes  

 

 

Analysis not conducted: <10 studies available  

 

 

 

Appendix Fig. 4: Funnel plot for association between obesity and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

A) Death 

PEgger-test: 0.002 

B) Severity of COVID-19 
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Meta-Analysis of Diabetes Types and COVID-19 Outcomes  

  

 

 

 

  

 

Appendix Fig. 5: Meta-analysis on type 2 vs type 1 diabetes and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Diabetes Duration and COVID-19 Outcomes  

  

 

 

 

 

Appendix Fig. 6: Meta-analysis on diabetes duration, per 1 year and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Funnel Plot of HbA1c and COVID-19 Outcomes  

 

 

Analysis not conducted: <10 studies available  

 

 

 

Appendix Fig. 7: Funnel plot for association between HbA1c per 1% increase and A) death and B) severity of 

COVID-19 in individuals with diabetes and COVID -19 - modified by Schlesinger et al (80) 

 

A) Death 

B) Severity of COVID-19 

PEgger-test: 0.027 



 
 

151 
 

Meta-Analysis of DPP-4 Inhibitors and COVID-19 Outcomes  

  

 

 

 

Appendix Fig. 8: Meta-analysis on DPP-4 inhibitors use compared to non-use and A) death and B) severity of 

COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of GLP 1-RA and COVID-19 Outcomes  

  

 

 

 

Appendix Fig. 9: Meta-analysis on use of GLP 1-RA compared to non-use and A) death and B) severity of 

COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of SGLT-2 inhibitors and COVID-19 Outcomes  

  

 

 

 

Appendix Fig. 10: Meta-analysis on use of SGLT-2 inhibitors compared to non-use and A) death and B) severity 

of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Sulfonylurea/Glinides/Secretagogues and COVID-19 Outcomes  

  

 

 

 

Appendix Fig. 11: Meta-analysis on use of sulfonylurea/glinides/secretagogues compared to non-use and A) 

death and B) severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al 

(1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Thiazolidinedione and COVID-19 Outcomes  

 

 

 

 

Appendix Fig. 12: Meta-analysis on use of thiazolidinedione compared to non-use and A) death and B) severity 

of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 



 
 

156 
 

Meta-Analysis of ALT and COVID-19 Outcomes  

 

 

  

 

 

 

Appendix Fig. 13: Meta-analysis on ALT, per 1 U/l and A) death and B) severity of COVID-19 in individuals 

with diabetes and COVID-19 (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Platelet Count and COVID-19 Outcomes 

 

 

 

 

 

 

Appendix Fig. 14: Meta-analysis on platelet count, per 1x109/l and A) death and B) severity of COVID-19 in 

patients with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Procalcitonin and COVID-19 Outcomes  

 

 

 

  

 

 

Appendix Fig. 15: Meta-analysis on procalcitonin, per 1 ng/ml and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Haemoglobin and COVID-19 Outcomes  

 

 

 

 

 

Appendix Fig. 16: Meta-analysis on haemoglobin, per 1 g/dl and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Creatinine and COVID-19 Outcomes  

  

 

 

 

 

Appendix Fig. 17: Meta-analysis on creatinine, per 1 µmol/l and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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 Meta-Analysis of Neutrophils and COVID-19 Outcomes 

  

 

 

 

 

 

 

Appendix Fig. 18: Meta-analysis on neutrophils, per 1 g/dl and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of D-dimers and COVID-19 Outcomes 

 

 

Appendix Fig. 19: Meta-analysis on D-Dimers and A) death and B) severity of COVID-19 in individuals with 

diabetes and COVID-19 (1) 

 

 

 

 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Erythrocyte Sedimentation Rate and COVID-19 Outcomes  

 

 

no data 

 

 

 

Appendix Fig. 20: Meta-analysis on erythrocyte sedimentation rate, per 1 mm/h and A) death and B) severity of 

COVID-19 in individuals with diabetes and COVID-19 (1) 

 

B) Severity of COVID-19 

A) Death 
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PEgger-test: 0.199 

Funnel Plot for CVD and COVID-19 Outcomes  

 

 

 

 

 

Appendix Fig. 21: Funnel plot for association between CVD and A) death and B) severity of COVID-19 in 

individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 

P Egger-test: 0.092 
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Meta-Analysis of Coronary Artery Disease and COVID-19 Outcomes  

 

 

v 

 

 

Appendix Fig. 22: Meta-analysis on coronary artery disease (CAD) and A) death and B) severity of COVID-19 

in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Heart Failure and COVID-19 Outcomes  

 

 

 v 

 

 

Appendix Fig. 23: Meta-analysis on heart failure and A) death and B) severity of COVID-19 in individuals with 

diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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PEgger-test: 0.484 

PEgger-test: 0.073 

Funnel Plot for Hypertension and COVID-19 Outcomes  

 

 

 

 

 

Appendix Fig. 24: Funnel plot for association between hypertension and A) death and B) severity of COVID-19 

in individuals with diabetes and COVID -19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Obstructive Sleep Apnea (OSA) and COVID-19 Outcomes  

  

 

 

 

 

Appendix Fig. 25: Meta-analysis on obstructive sleep apnea (OSA) and A) death and B) severity of COVID-19 

in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Beta-Blockers and COVID-19 Outcomes  

 

 

 

 

 

Appendix Fig. 26: Meta-analysis on beta-blockers and A) death and B) severity of COVID-19 in individuals with 

diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of RAAS Inhibitors and COVID-19 Outcomes  

 

 

 

 

 

Appendix Fig. 27: Meta-analysis on use of RAAS inhibitors compared to non-use and A) death and B) severity of COVID-

19 in individuals with diabetes and COVID-19 (1) 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Ethnicity (African American vs. Non-Hispanic white) and COVID-19 

Outcomes  
  

 

 

 

 

Appendix Fig. 28: Meta-analysis on ethnicity (African American vs. Non-Hispanic white) and A) death and B) 

severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Poorly vs. Well-Controlled Diabetes and COVID-19 Outcomes  

 

 

 

 

 

Appendix Fig. 29: Meta-analysis for poorly vs. well-controlled at admission and A) death and B) severity of 

COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80) 

 

A) Death 

B) Severity of COVID-19 
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Meta-Analysis of Alpha-Glucosidase Inhibitors and COVID-19 Outcomes  

 

 

No data 

 

 

 

Appendix Fig. 30: Meta-analysis on use of alpha-glucosidase inhibitors compared to non-use and A) death and 

B) severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (1) 

 

B) Severity of COVID-19 

A) Death 
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Meta-Analysis of Retinopathy and COVID-19 Outcomes  
 

 

no data 

 

 

 

Appendix Fig. 31: Meta-analysis on pre-existing retinopathy compared to no diabetic foot and A) death and B) 

severity of COVID-19 in individuals with diabetes and COVID-19 - modified by Schlesinger et al (80)

B) Severity of COVID-19 

A) Death 
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