
Introduction

Infectious diseases have been a significant threat to 
human civilization, causing catastrophic effects on 

the entire population. Most of these conditions were 
bacterial or viral in origin. December 2019 witnessed 
the emergence of a disease called Coronavirus Disea-
se 2019 (COVID-19) from China, caused by the novel 
Coronavirus (SARS CoV- 2). In January 2020, the 
WHO declared this disease as a Public Health Emer-

thgency of International Concern and, on 12   February 
2020, officially named the disease as coronavirus 

1,2disease 2019 COVID-19).   Ever since its inception, 
COVID-19 has become a medical emergency, and a 
global crisis threatening to wipe out a significant part 
of the human population from across more than 227 
countries. On 11 March 2020, the World Health 
Organization (WHO) declared COVID-19 as a 

3
andemic.  Since December 2019 and as of May 20, 
there were 4,897,567 cases of COVID-19, including 
323,286 deaths. There are 2,885,651 active cases, and 
1,688,630 recoveries, can be shown in Figure-1. 

Figure-1: No. of Covid-19 Cases and Recoveries.

Diabetes Mellitus is another condition with high 
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Abstract   

Background and Aims: Diabetes Mellitus (DM) is a chronic metabolic disorder complicating multiple 
organs in the human body. Diabetes may be associated with a severe form of Coronavirus Disease 2019 
(COVID-19). We performed a systematic review and analyzed available data to investigate the association 
between DM and the severity of disease in patients with COVID-19. 

Methods: We systematically searched the PubMed, WHO database, and Google Scholar databases until 20 
May 2020 using the keywords “COVID-19”, “comorbidities,” “diabetes mellitus.” Relevant full-text articles 
accessed and data retrieved.

Conclusion: DM was associated with mortality, severe COVID-19, ARDS, and disease progression in 
patients with COVID-19. We have also identified the problems of diabetes self-management in the current 
scenario of lockdown and mobility restrictions and suggested possible solutions to overcome those.
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prevalence across the globe. According to WHO, 
currently, more than 422 million adults are suffering 
from Diabetes mellitus in the world. In this context, it 
becomes imperative to understand the association 
between Diabetes Mellitus and Coronavirus disease 
in 2019. Furthermore, strategies adopted by different 
nations to contain the spread of COVID-19, like 
mobility restrictions, have made the diabetic popula-
tion more vulnerable to the severe outcome of this 
disease. 

Aims of this Work

1. This work aims to collect the available data of 
COVID-19 infection and Diabetes Mellitus. 

2. It specifically looks into the associated comor-
bidities and mechanism of interaction between 
SARS-CoV- 2 and Diabetes Mellitus. 

3. Finally, the work also tries to emphasize the 
guidelines to prevent COVID-19 in diabetic 
patients.

Methods

We systematically searched the PubMed, WHO 
database, and Google Scholar databases till 20th May 
2020 using the keywords “COVID-19”, “comorbi-
dities,” “diabetes mellitus.” 

We accessed relevant full-text articles and retrieved 
the data.

History of Viral Pandemics

The last two decades have witnessed viral pandemics 
such as Influenza A (H1N1) and Middle East Respira-
tory Syndrome Coronavirus (MERS-CoV) in 2009 
and in 2016 respectively. In both these conditions, a 
strong association with comorbidities such as Diabe-

4tes and hypertension was observed.  During both 
these pandemics, Diabetes Mellitus, as comorbidity, 
was responsible for the development of fatal compli-

5cations.

A meta-analysis carried out by Badawi et al. reported 
the prevalence of Diabetes in H1N1 and MERS-CoV 
and made a comparison in its frequency between the 
two viral conditions. The overall incidence of Diabe-
tes in H1N1 was 14.6%, a 3.6-fold lower than in 

6MERS-CoV 54.4%.  Assiri et al., in a study of 47 
patients with MERS-CoV disease in Saudi Arabia, 

reported that 68% had Diabetes, and 34% had hyper-
7,8tension as comorbidity.  In another study of 281 

MERS-CoV positive Saudi subjects, there was a 
strong association of both hypertension and Diabetes 

9with increased mortality.  Since these viruses belong 
to the same family, they may share a common or 
related pathophysiology.

Pathophysiology of COVID-19 and Diabetes 
Mellitus 

The family Coronaviridae is a family of viruses, with 
several pathogenic strains. Some members of this 
family in the past have caused diseases in human 
beings such as MERS (Middle East respiratory 
syndrome) and SARS (Severe Acute Respiratory 
Syndrome). SARS-CoV-2 is a new strain of the 
Coronavirus, responsible for the COVID-19 
pandemic. It has a single strand of RNA, roughly 

10
around 70–90 nm in size.  The viral envelope 
consists of a lipid bilayer. There are four structural 
proteins encoded in the genome of SARS-CoV-2. 
These proteins are Spike protein (S), the Envelope 
protein (E), Membrane protein (M), and Nucleo-
capsid protein (N), which make the complete virus 
particle, as shown in Figure-2.

Figure-2:  The Viral Surface Proteins
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Figure 3: Metabolism of angiotensin I by ACE and ACE 2 to yield different bioactive angiotensin peptides. 

Angiotensin-Converting Enzyme 2 (ACE2) 
Receptors

The ACE2 receptors are mainly present on the 
alveolar cells in the lungs. These receptors are also 
present on the cells of intestinal tract, renal cells  and 

[11]cells of the cardio-vascular system . The S protein 
(S) of the virus attaches to the host receptors and 
facilitates the entry of the virus. In a way, the S protein 
is the entry point for the entry of coronaviruses into 
target cells. Entry into the host cell depends on the 
binding of the S protein to a cellular receptor and 
priming by cellular enzyme proteases. SARS-CoV-2 

12
engages ACE2 as the entry receptor.  Previous 
studies have shown that the SARS-CoV-2 S protein 
attaches to the ACE2 receptors with higher affinity as 

13
compared to the SARS.

Virus replication starts with the entry of the virus into 
the host cell. This is followed by a period of immuno-
logical reactions in the host cell over the next few 

14
days.  The virus replication causes an influenza-like 
illness with mild symptoms due to the toxins released 
by the virus. Gradually the immune system takes 
over, and the overall viral levels decline due to the 
antibodies neutralizing the virus. However, in some 
patients, a large number of inflammatory cytokines 
are released, which causes massive tissue destruction 
and clinical deterioration. This cytokine storm 
explains why some patients who were relatively well 

initially suddenly deteriorate, as shown in Figure-3.

Dipeptidyl Peptidase IV (DPP-4) Receptors

Dipeptidyl peptidase IV (DPP-4) receptors may be 
responsible for COVID-19 infection in patients with 
Diabetes Mellitus. In a study on diabetic mouse 
models, Kulcsar et al, showed the expression of the 
DDP-4 receptor on the alveolar cells of the lungs. 
This study helped to understand the relation between 
Diabetes Mellitus and MERS infection severity. They 
observed inflammatory infiltrates by macrophages in 
the alveolar tissue. Similar pathological features were 
also seen in the disease associated with Diabetes 

15
Mellitus.

Morbidity and Mortality in Diabetics with 
COVID-19

Many comorbidities such as Diabetes, hypertension, 
and immunodeficiency conditions can complicate the 
clinical picyure of COVID-19. These conditions can 
cause an increase in the severity of illness, the use of 
assisted ventilation, an increase in the length of the 
Intensive Care Unit (ICU) stay, and an increase in the 
mortality rate. 

People who have Diabetes are at increased to bacte-
rial and viral infectious diseases, primarily affecting 

16,17lower airways.  However, there is a lack of under-
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standing of the pathophysiological mechanism 
behind this vulnerability. In Hyperglycemia, the 
normal anti-bacterial function of the neutrophils is 
impaired. Besides, the chronic complications asso-

5ciated with Diabetes Mellitus come in to play.  Long-
term complications such as micro-angiopathic 
changes can occur in the respiratory lining of diabe-
tics, thus compromising the exchange of and lung 
compliance. 

The COVID-19 disease mainly affects male popula-
tion and older people with accompanying conditions 
such as respiratory disease, hypertension, and 

[18]diabetes mellitus . Data from China showed that 
22% of infected people suffered from cerebrovas-
cular diseases, 24 to 12% from hypertension, and 22 
to 12% from Diabetes Mellitus. Patients who were 
previously on medications with ACE inhibitors were 
found to be at higher risk for severe forms of infec-
tion. The pathogenic coronavirus bind to target cells 
through ACE2 receptors, which are expressed mainly 
on epithelial cells of the lung, intestine, kidney, and 

19blood vessels.  Arterial hypertension is a common 
chronic complication of Diabetes Mellitus and, 
consequently, an increased expression of ACE2, 
receptors were observed in these patients, especially 
those on medications with either ACE inhibitors or 

19
angiotensin two receptor blockers.  People with 
increased blood pressure and on treatment with ACE 

[20, 21 & 22]
inhibitors exhibited a similar phenomenon .

Patients of COVID-19 with accompanying diabetes 
mellitus have a higher risk when compared with those 

23,24
with normal blood glucose levels.  The anxiety and 
fear of corona virus infection and the use of steroids to 
combat the stress during hospitalization may be the 

25
cause of higher glycemic spikes.  The sequence of 
events increases the chances of infection due to the 

26,27increased concentration of intracellular toxins.  
Moreover, during a severe illness, the expression of 
glucose transporters on the cell mem-brane is 
increased, causing glucose overload and damage to 

28,29,30&31
the cells.  Decreased immunity, followed by the 
cytokine storm during severe infection, may attribute 

32to the lung lesions and increased death rates.  The 
release of adhesion molecules by the pulmonary 
endothelial cells leads to the increased collection of 
inflammatory cells in the lung alveolus, further 

33,34
compromising the respiratory function.  Waxing 
and waning of glucose values during the hospital stay 

may increase these phenomena, worse-ning the 
[35]prognosis . Patients suffering from COVID- 9, 

showing high fluctuations in glucose value is 
[36]predictive of high mortality .

Statistical Analysis

[22]
In a study by Guan et al. , the mortality rate for 
hypertension was (15%) followed by Diabetes, which 
was (7.4%). The pathophysiological explanation to 
this could be the spike protein ACE- 2 receptor 
mechanism.

[37]Singh et al.  studied pooled data of 2209 patients 
from ten Chinese studies on the different comorbi-
dities in COVID-19. They reported a prevalence of 
21% hypertension, 11% diabetes, and 7% CVD.

[38]
Yang et al. , in a meta-analysis of 46,248 COVID-
19 patients from eight different trials has shown a 
prevalence of 17% hypertension, 8% Diabetes, and 
5% CVD.

The CCDCP (Chinese Center for Disease Control and 
Prevention), analyzed the statistical data of 20, 982 
COVID-19 patients. They reported hypertension, 
Diabetes, and CVD as 13%, 5%, and 4%, respec-

39tively.

From a smaller sample of 355 Italian COVID-19 
patients, Onder et al. reported an association of 36% 

40Diabetes and 30% CVD.

41Bhatraju et al.,  in their study of 24 COVID-19 
patients from the USA, reported Diabetes as a 
comorbidity in 58% of patients.

In another study by the Italian COVID-19 survei-
llance group involving 481 patients showed that 34% 
of patients had Diabetes. While the COVID-19 
response team from the CDC, the United States 

42,43
reported that 11% had Diabetes.

Data from Italy, Spain, Sweden, Switzerland, and the 
Netherlands showed that patients with accompanying 
comorbidities such as diabetes, chronic lung disease, 
cardiovascular diseases, and hypertension were at 
higher risk of having severe illness and death, as 

52, 53, 54
shown in Table 1.

Table 1 summarizes the prevalence of these comorbi-
dities in all available studies to-date in patients with 

Vol 26 | Special Issue | 2020 | Page 472



18, 21, 22, 23 39 – 51COVID-19 and

The statistical analysis from the different studies on 
the severity of the disease ranged from 13.8% to 
32.0%. 

Zhang et al. reported 13.8% critically ill patients as 
against 32.0% by CDC COVID-19 Response Team, 

21, 22, 23, 43, 44, 45, 47USA.  The statistical data is being shown 
in graphical form in Figure-4.

Figure-4: Representations of Prevalence of DM, 

HTN & CVD in COVID-19 Patients

The non-survival rate also varied from 21% to 31.0%. 
The highest survival rate reported by Zhou et al. and 
Chen et al. was 14% (Figure-5).

Figure- 5: Graphical representation of Severity of 
illness in COVID-19 with DM

Prevention of COVID-19 in Diabetes Mellitus.

The different studies on COVID-19, from around the 
globe, have clearly shown that the elderly population 
with Diabetes had issues in managing their blood 
glucose during this pandemic. Several factors may 
attribute to this like, social distancing, mobility 
restrictions, and lockdown strategies adopted by 
different governments to contain the virus. 

Table 1:  

S. no Country First Author (n) DM% HTN% CVD% NSI SI Ref.

1 China CCDCP 20982 5.3 12.8 4.2 39

2 China Guan et al 1099 7.4 15 3.8 5.7 16 22

3 China Liu et al 61 8.2 19.7 1.6 4.5 18 44

4 China Wang et al 138 10.1 31.2 19.6 5.9 22 47

5 China Liu et al 137 10.2 9.5 7.3 50

6 China Wu et al 201 10.9 19.4 4 5.1 19 23

7 China Chen et al 99 12.1 40 46

8 China Zhang et al 140 12.1 30 8.6 11 14 21

9 China Guo et al 187 15.0 32.6 11.2 59

10 China Yang et al 52 17.0 23 18

11 China Chen et al 274 17.0 34 8 51

12 China Zhou et al 191 19.0 30 8 48

13 China Huang et al 41 19.5 14.6 15 8 25 45

14 Italy Covid 19 surveillance group Italy 481 33.9 73.8 30.1 42

15 Italy Onder et al 355 35.5 42.5 40

16 Italy Study from Lombardy 1043 17.0 49 21 52

17 Sweden Study from Sweden 23.0 34 11 53

18 Spain Study from Spain 17.0 30 54

19 USA Bhatraju et al 24 58.0 41

20 USA CDC USA 7162 10.9 9 9.4 32 43

(n)- No of Subjects in the study, DM- Diabetes Mellitus, HTN- Hypertension, CVD- Cardiovascular Disease, NSI- Non-
severe illness, SI- Severe Illness, Ref.- References CCDCP - Chinese Centre for Disease Control and Prevention, CDC -

Centre for Disease Control and Prevention, Empty cell represents unavailable data
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Mobility restrictions and staying at home limited the 
physical activities and exercise routine of the people 
with Diabetes. Limitations in the food supply chain 
might compel the diabetic population to alter their 
habits and look for food with a reduced glycemic 
index. Lockdown measures also might make the 
situation difficult for them to procure their medical 
supplies. Last but not least, a routine medical check-
up with their physicians may derail. In these situa-
tions, these elderly diabetics may experience long 
periods of uncontrolled hyperglycemia, making them 
more vulnerable to COVID-19.

The mental well-being of Diabetic people is also 
seriously challenged during this pandemic. The fear 
of coming in contact with the virus, not being able to 
meet their near and dear ones or participate in the 
social and religious gatherings, regularly plays on 
their psyche. 

In the present scenario where countries are restricting 
movement, it becomes even more challenging to 
remain medically and mentally fit. During these 
stressful times, they should keep themselves hydra-
ted, monitor their blood glucose levels, and strictly 
follow their treatment schedule. 

Diet: A healthy and balanced diet should be taken. 
The food should be rich in fibers, protein, and some 
complex carbohydrates. Refined carbohydrates and 
juices should be strictly avoided. Fats should be less 
than 30% of the total calories/day with restricted salt 
intake. Unhealthy habits of smoking, drinking should 
be avoided.

• Physical Activity and Exercise: Exercise should 
be a part of the daily schedule of any individual, be 
diabetic or non-diabetic. During the lockdown periods, 
home-based exercises like treadmill, stationary 
jogging, and aerobic activities should be routinely 
followed without abstinence. A total of 60 minutes of 
moderate exercise per day is satisfactory.

• Self-Blood Glucose Monitoring: Self-
monitoring of blood glucose should be done 
regularly to keep a check on the glycemic control.

• Medications: No patient should forget to take 
their conventional anti-diabetic drugs.

• Telemedicine: The concept of Telehealth 

delivery can be of immense help in these times. 
People with diabetes can consult their health care 
provider and follow instructions.

• Managing Mental Fitness: A handy way to 
manage mental stress is to stay away from 
watching, listening, or reading news, including 
social media, which are contributing a lot to 
anxiety and fear.

• They should visit the hospital urgently in 
emergencies like vomiting, drowsiness, short-
ness of breath, chest pain, weakness of limbs, 
altered sensorium, etc.

Conclusion

COVID-19 patients with Diabetes Mellitus as comor-
bidity were associated with increased severity of the 
disease, higher mortality rates, and disease progression.

Acknowledgment

The author would like to thank the Deanship of 
Scientific Research at Prince Sattam Bin Abdulaziz 
University, Alkharj, Saudi Arabia, for the assistance.

References
1. Adhikari SP, Meng S, Wu Y-J, Mao Y-P, Ye R-X, 

Wang Q-Z, Sun C, Sylvia S, Rozelle S, Raat H, Zhou 
H (2020) Epidemiology, causes, clinical manifesta-
tion and diagnosis, prevention and control of corona-
virus disease (COVID-19) during the early outbreak 
period: a scoping review. Infect Dis Poverty 9(1):29

2. Zu ZY, Jiang MD, Xu PP, Chen W, Ni QQ, Lu GM, 
Zhang LJ (2020) Coronavirus disease 2019 (COVID-
19): a perspective from China. Radiology 200490

3. World Health Organization (2020a) Coronavirus 
disease 2019 (COVID-19) situation report—51. 
World Health Organization. https://www.who.int/ 
docs/default-source/coronaviruse/situationreports/ 
20200311-sitrep-51-scovid-19.pdf?sfvrsn¼ 
1ba62e57_10. Accessed 16 Mar 2020

4. Associazione Medici Diabetologi (AMD) – Societa` 
Italiana di Diabetologia (SID). Standard Italiani per 
la Cura del Diabete Mellito 2018. Available at https:// 
aemmedi.it/ e http://www.siditalia.it/. Last accessed 
March 4, 2020.

5. Knapp S. Diabetes and infection: is there a link? – A 
minireview clinical section / mini-review. Geronto-
logy,  2013;59:99–104.

6. Badawi A, Ryoo SG. Prevalence of Diabetes in the 
2009 influenza A (H1N1) and the Middle East 
respiratory syndrome coronavirus: a systematic review 
and meta-analysis. J Public Health Res. 2016; 5(3): 
733.

Vol 26 | Special Issue | 2020 | Page 472



7. Assiri A, Al-Tawfiq JA, Al-Rabeeah AA, et al. 
Epidemiological, demographic, and clinical charac-
teristics of 47 cases of Middle East respiratory 
syndrome coronavirus disease from Saudi Arabia: a 
descriptive study. Lancet Infect Dis.2013;13(9):752-
761.

8. Garbati MA, Fagbo SF, Fang VJ, et al. A comparative 
study of clinical presentation and risk factors for 
adverse outcomes in patients hospitalized with acute 
respiratory disease due to MERS coronavirus or other 
causes. Plos One. 2016;11(11):e0165978.

9. Alqahtani FY, Aleanizy FS, Ali El Hadi Mohamed R, 
et al. Prevalence of comorbidities in cases of Middle 
East respiratory syndrome coronavirus: a retrospec-
tive study. Epidemiol Infect.2018;1–5.DOI:10. 1017/  
S0950268818002923

10. Kim JM, Chung YS, Jo HJ, Lee NJ, Kim MS, Woo 
SH, Park S, Kim JW, Kim HM, Han MG (2020) 
Identification of coronavirus isolated from a patient 
in Korea with COVID-19. Osong Public Health Res 
Perspect 11(1):3–7. https://doi.org/10.24171/j.phrp. 
2020.11.1.02

11. Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q (2020) 
Structural basis for the recognition of the SARS-
CoV-2 by full-length human ACE2. Science. pii: 
eabb2762. https://doi.org/10.1126/science.abb2762

12. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger 
N, Herrler T, Erichsen S, Schiergens TS, Herrler G, 
Wu NH, Nitsche A, Müller MA, Drosten C, 
Pöhlmann S (2020) SARS-CoV-2 cell entry depends 
on ACE2 and TMPRSS2 and is blocked by a 
clinically proven protease inhibitor. Cell 181:1–10. 
https://doi.org/10.1016/j.cell.2020.02.052. [Epub 
ahead of print]

.13. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire 
AT, Veesler D (2020) Structure, function, and antige-
nicity of the SARS-CoV-2 spike glycoprotein. Cell. 
pii: S0092-8674(20)30262-2. https://doi.org/ 
10.1016/j.cell.2020.02.058

14. Karakike E, Giamarellos-Bourboulis EJ (2019) 
Macrophage activation-like syndrome: a distinct 
entity leading to early death in sepsis. Front Immunol 
10:55

15. Kulcsar KA, Coleman CM, Beck SE, Frieman MB. 
Comorbid diabetes results in immune dysregulation 
and enhanced disease severity following MERS-CoV 
infection. JCI Insight 2019;4 131774.

16. Shah BR, Hux JE. Quantifying the risk of infectious 
diseases for people with Diabetes. Diabetes Care, 
2003;26:510–3.

17. Muller LM, Gorter KJ, Hak E, et al. Increased risk of 
common infections in patients with type 1 and type 2 
diabetes mellitus. Clin Infect Dis 2005;41:281–8.

18. Yang X, Yu Y, Xu J, et al. Clinical course and 
outcomes of critically ill patients with SARS-CoV-2 
pneumonia in Wuhan, China: a single-centered, 
retrospective, observational study [published online 
ahead of print, 2020 February 24] [published correc-
tion appears in Lancet Respir Med. 2020 February 

28]. Lancet Respir Med. 2020. https://doi.org/10. 
1016/ S2213-2600(20) 30079-5.

19. Wan Y, Shang J, Graham R, et al. Receptor recog-
nition by novel coronavirus from Wuhan: an analysis 
based on decadelong structural studies of SARS. J 
Virol 2020. https://doi.org/10.1128/JVI.00127-20. 
published online January 29.

20. Li XC, Zhang J, Zhuo JL. The vasoprotective axes of 
the renin-angiotensin system: physiological rele-
vance and therapeutic implications in cardiovascular, 
hypertensive, and kidney diseases. Pharmacol Res 
2017;125(Pt A):21–38. https://doi.org/10.1016/ 
j.phrs. 2017.06.005.

21. Zhang JJ, Dong X, Cao YY, et al. Clinical charac-
teristics of 140 patients infected by SARS-CoV-2 in 
Wuhan, China. Allergy 2020. https://doi.org/ 
10.1111/ all.14238. Published online February 19.

22. Guan W, Ni Z, Hu Y, et al. Clinical characteristics of 
coronavirus disease 2019 in China. N Engl J Med 
2020. https://doi.org/10.1056/NEJMoa2001282. 
Published online March 18.

23. Wu C, Chen X, Cai Y, et al. Risk factors associated 
with acute respiratory distress syndrome and death in 
patients with coronavirus disease 2019 pneumonia in 
Wuhan, China. JAMA Intern Med 2020. https:// doi. 
org/10.1001/jamainternmed.2020.0994.

24. Wang Y, Wang Y, Chen Y, Qin Q. Unique epidemio-
logical and clinical features of the emerging 2019 
novel coronavirus pneumonia (COVID-19) impli-
cate special control measures. J Med Virol 2020. 
https://doi.org/10.1002/jmv.25748.

25. 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. https://doi.org/ 10. 
1016/j.diabres.2020.108118.

26. Brownlee M. Biochemistry and molecular cell 
biology of diabetic complications. Nature 2001;414: 
813–20. 

27. Weekers F, Giulietti AP, Michalaki M, et al. 
Metabolic, endocrine, and immune effects of stress 
hyperglycemia in a rabbit model of prolonged critical 
illness. Endocrinology, 2003;144:5329–38.

28. Mizock BA. Alterations in carbohydrate metabolism 
during stress: a review of the literature. Am J Med 
1995;98:75–84.

29. Van Cromphaut SJ. Hyperglycaemia as part of the 
stress response: the underlying mechanisms. Best 
Pract Res Clin Anaesthesiol 2009;23:375–86.

30. Dungan KM, Braithwaite SS, Preiser JC. Stress 
hyperglycemia. Lancet, 2009;373:1798–807.

31. Van den Berghe G. How does blood glucose control 
with insulin save lives in intensive care?. J Clin Invest 
2004;114:1187–95.

32. Teijaro JR, Walsh KB, Cahalan S, et al. Endothelial 
cells are central orchestrators of cytokine amplifica-
tion during influenza virus infection. Cell 2011;146: 
980–91.

33. Short KR, Kroeze EJV, Fouchier RA, Kuiken T. 

Vol 26 | Special Issue | 2020 | Page 472



Pathogenesis of influenza-induced acute respiratory 
distress syndrome. Lancet Infect Dis 2014;14:57–69.

34. Perrone LA, Plowden JK, Garcı´a-Sastre A, et al. 
H5N1 and 1918 pandemic influenza virus infection 
results in early and excessive infiltration of macro-
phages and neutrophils in the lungs of mice. PLoS 
Pathog 2008;4. https://doi.org/10.1371/journal.ppat. 
100011 e1000115.

35. Ceriello A, Monnier L, Owens D. Glycaemic varia-
bility in Diabetes: clinical and therapeutic implica-
tions. Lancet Diabetes Endocrinol 2019;7:221–30.

36. Chao WC, Tseng CH, Wu CL, et al. Higher glycemic 
variability within the first day of ICU admission is 
associated with increased 30-day mortality in ICU 
patients with sepsis. Ann Intensive Care 2020; 10(1): 
17. https://doi.org/10.1186/s13613-020-0635-3.

37. Singh AK, Gupta R, Misra A. Comorbidities in 
COVID-19: Outcomes in Hypertensive Cohort and 
Controversies with Renin-Angiotensin System 
Blockers. Accepted article in press. 2020. Diabetes 
and Metabolism Syndrome Research & reviews.

38. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. 
Prevalence of comorbidities in the novel Wuhan 
coronavirus (COVID-19) infection: a systematic 
review and meta-analysis. Int J Infect Dis. 2020 Mar 
12. pii: S1201- 9712(20)30136-3. doi: 10.1016/ j.ijid. 
2020.03.017.

39. Epidemiology Working Group for NCIP Epidemic 
Response. The epidemiological characteristics of an 
outbreak of 2019 novel coronavirus diseases 
(COVID-19) in China[J]. Chinese Journal of 
Epidemiology, 2020, 41(2): 145-151.

40. Onder G, Rezza G, Brusaferro S. Case-Fatality Rate 
and Characteristics of Patients Dying in Relation to 
COVID-19 in Italy. JAMA. 2020 Mar 23. doi: 
10.1001/jama.2020.4683.

41. Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, 
Jerome KR, Nalla AK, et al. Covid-19 in Critically Ill 
Patients in the Seattle Region — Case Series. 
Published on March 30, 2020, at NEJM.org. DOI: 
10.1056/NEJMoa2004500.

42. Covid-19 surveillance group, Italy. https://www. 
epicentro.iss.it/coronavirus/bollettino/Report- 
COVID- 2019_20_marzo_eng.pdf

43. Preliminary Estimates of the Prevalence of Selected 
Underlying Health Conditions Among Patients with 
Coronavirus Disease 2019 — United States, Februa-
ry 12–March 28, 2020.CDC COVID-19 Response 
Team. https://www.cdc.gov/mmwr/ volumes/ 69/wr/ 
mm6913e2.htm

44. Liu J, Liu Y, Xiang P, Pu L, Xiong H, Li C, et al. 
Neutrophil-to-Lymphocyte Ratio Predicts Severe 
Illness Patients with 2019 Novel Coronavirus in the 
Early Stage. https://www.medrxiv.org/content/ 

10.1101/ 2020.02.10.20021584v1
45. 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 2020; 395 
(10223): 497-506.

46. 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. Lancet 2020; 395: 
507–13

47. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. 
Clinical Characteristics of 138 Hospitalized Patients 
With 2019 Novel Coronavirus–Infected Pneumonia 
in Wuhan, China. JAMA. 2020;323(11):1061-1069.

48. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical 
course and risk factors for mortality of adult inpa-
tients with COVID-19 in Wuhan, China: a retro-
spective cohort study. Published Online March 9, 
2020. https://doi.org/10.1016/S0140-6736(20) 
30566-3

49. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. 
Cardiovascular Implications of Fatal Outcomes of 
Patients With Coronavirus Disease 2019 (COVID-
19). JAMA Cardiol. doi:10.1001/jamacardio.2020. 
1017. Published online March 31, 2020.

50. Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, et al. 
Clinical characteristics of novel coronavirus cases in 
tertiary hospitals in Hubei Province. Chin Med J 2020; 
00:00–00. doi: 10.1097/CM9.0000000000000744

51. Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. 
Clinical characteristics of 113 deceased patients with 
coronavirus disease 2019: a retrospective study. BMJ 
2020;368:m109. http://dx.doi.org/10.1136/ bmj. 
m1091

52. Folkhälsomyndigheten (FHM). Veckorapport om 
covid-19, vecka 13. Stockholm: FHM; [6 April 2020]. 
Available from: https://www.folkhalsomyndigheten. 
s e / g l o b a l a s s e t s / s t a t i s t i k - u p p f o l j n i n g /  
smittsammasjukdomar/veckorapporter-covid-19/ 
2020/covid-19-veckorapport-vecka-13-2020_final.pdf

53. Ministerio de Sanidad Espana. Informe sobre la 
situación de COVID-19 en España. Informe COVID-
19 nº 20. 3 de abril 2020. Available from: https:// 
www.isciii.es/QueHacemos/Servicios/VigilanciaSal
udPublicaRENAVE/EnfermedadesTransmisibles/Pa
ginas/InformesCOVID-19.aspx

54. Chow N, Fleming-Dutra K, Gierke R, Hall A, Hughes 
M, Pilishvili T, et al. Preliminary Estimates of the 
Prevalence of Selected Underlying Health Condi-
tions Among Patients with Coronavirus Disease 2019 
— United States, February 12–March 28, 2020. 
MMWR Morb Mortal Wkly Rep 2020;69:382–386 
[cited 6 April 2020]. Available from: http://dx.doi. 
org/ 10.15585/mmwr.mm6913e2external

Vol 26 | Special Issue | 2020 | Page 472


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

