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Abstract
Diabetic individuals are considered a vulnerable population during the COVID-19 Pandemic, and several studies not-
ed worse outcomes, including death, among those who get infected. Diabetic emergencies, such as ketoacidosis 
(DKA), are common and potentially life-threatening conditions in uncontrolled patients. While the pathophysiologi-
cal background of the relationship between COVID-19 and DKA is not fully understood, early reports available so far 
indicate that patients with pre-existing diabetes who get infected with the SARS-CoV 2 virus are at higher risk of DKA. 
It was also suggested that DKA is a poor prognostic sign for infected patients, these being at higher risk of develop-
ing worse forms of COVID-19 disease and having high mortality. Therefore, healthcare personnel dealing with such 
patients face a considerable challenge, as the correct and safe emergency management of such cases is far from 
established. This article aimed to conduct a study that reviews the current published data available about patients 
with DKA and COVID-19.
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 �Introduction
Diabetic ketoacidosis (DKA) is a well-known medi-
cal emergency occurring in uncontrolled diabetic pa-
tients, responsible for significant mortality and mor-
bidity, therefore highlighting the vital importance of 
early diagnosis and treatment in managing these pa-
tients. Although more frequently seen in patients with 
Type 1 diabetes, considering the metabolic disorder 
background of absolute insulin deficiency, diabetic 
ketoacidosis is not uncommon in Type 2 diabetes pa-
tients. Prompt action is required whenever clinical 
suspicion is present [1, 2]. As the prevalence of dia-
betes continues to grow, the latest data from the In-
ternational Diabetes Federation estimated 463 million 
cases worldwide, compared to 285 million in 2010. It is 
expected that the morbidity and mortality of this con-
dition are also increasing [3, 4]. 

The novel-coronavirus that causes severe acute res-
piratory syndrome 2 (SARS-2) disease (COVID-19) 
emerged from Wuhan, China, in December 2019, 
leading to a global pandemic, with more than 44 mil-
lion cases and over 1.1 million deaths confirmed as 

of 28.10.2020 [5, 6]. Despite many studies indicating 
that diabetes is a significant risk factor contributing 
to the severity and mortality of COVID-19 disease, 
the pathophysiological relationship between them 
remains unclear. Recent observations suggested that 
there is a bidirectional relationship between diabe-
tes and COVID-19, as diabetic patients are known to 
be at an increased risk of developing severe forms of 
COVID-19, while on the other hand, acute compli-
cations like DKA or hyperosmolar hyperglycaemic 
state (HHS) frequently develop with an underlying 
acute infection like COVID-19 [7-9]. Other indirect 
adverse effects of the pandemic on diabetic patients 
are the increasing burden that health care systems face 
as the epidemiological situations in various countries 
get out of control, leading to large numbers of non-
COVID-19 patients left without the medical care they 
would require. Consequently, many diabetic patients 
who missed their timely medical visits are at increased 
risk of developing metabolic imbalances leading to 
many of them presenting to emergency departments 
with acute life-threatening complications like DKA.
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Furthermore, lack of physical activity because of 
lockdowns imposed by the government in many coun-
tries might be another negative factor for diabetic pa-
tients, as sedentarism plays a significant role in the pro-
gression of disease severity and metabolic imbalance 
[7, 10].

Considering all these aspects, both the healthcare 
personnel dealing with diabetic patients and those on 
the front-line of the pandemic caring for COVID-19 
patients should be aware of the challenges in manag-
ing diabetic patients during these times, paying care-
ful attention to acute complications such as DKA or 
HHS. Also, new patients presenting with DKA should 
be carefully screened for COVID-19, which could be 
a possible infectious triggering factor of the metabolic 
imbalance [11, 12].

There little data available regarding the pathophysi-
ological relationship between diabetic ketoacidosis and 
COVID-19 and the impact of the pandemic on the evo-
lution of acute diabetic complications.  

The study aimed to review current evidence about 
the epidemiology, pathophysiological mechanisms, 
and diagnostic and management challenges of DKA 
during the COVID-19 pandemic. 

 �Method
A literature search was performed using “COVID-19”, 
“diabetes”, and “diabetic ketoacidosis” as keywords 
through the “PubMed” and “Google-Scholar” search 
engines. 

 �Diabetes and COVID-19
The first published studies about the evolution and 
prognosis of diabetic patients with COVID-19 originate 
from China. It was reported that COVID-19 patients 
who had diabetes had higher hospital admission rates 
and developed worse forms of pneumonia than infect-
ed patients without previous medical conditions. An-
other study reported that diabetes was the second most 
frequent comorbidity after hypertension in a sample of 
140 patients diagnosed with Covid-19 and hospitalised 
in Wuhan [13].  These observations have motivated 
researchers to study the pathophysiological changes 
responsible for the worse prognosis of COVID-19 pa-
tients with underlying diabetes. One suggested mecha-
nism involves the compromised immune system of pa-
tients with uncontrolled glycaemic status, innate and 

adaptive humoral immunity, leading to a faulty first-
line defence against infectious agents. Another possible 
explanation of this unfortunate relationship between 
diabetes and COVID-19 lies in the pro-inflammatory 
state, common in uncontrolled diabetic patients, which 
causes abnormal production of interleukin-6 (IL-6), 
and exaggerated cytokine responses frequently met in 
critically ill COVID-19 patients. Based on this previous 
hypothesis, it has been suggested that diabetic patients 
are at higher risk to develop a cytokine storm with all 
the multi-organ damaging consequences when suffer-
ing from COVID-19 [14, 15]. 

 �Current evidence on DKA during the 
COVID-19 pandemic

Besides the previously discussed, more commonly 
studied pathophysiological relationships between 
COVID-19 and diabetes, another important cause of 
concern when dealing with diabetic patients during the 
COVID-19 pandemic lies in managing acute hypergly-
caemic complications DKA. DKA is the most common 
acute metabolic complication of diabetes caused by a 
relative or absolute insulin deficiency, which leads to re-
duced glucose uptake and utilisation by cells and exces-
sive lipolysis. This further causes uncontrolled produc-
tion of ketone bodies and a state of acidosis. Although 
DKA is an inflammatory state, it is commonly triggered 
and associated with an underlying acute illness, such as 
an infectious disease [16]. Recently, hospitalisation for 
DKA has seen an increasing trend; reports from a US 
study showing a 30% increase in hospital stay days dur-
ing the last decade, while in less developed countries, 
the numbers are even higher, with mortality rates over 
30%.  Although it was previously considered a specific 
complication of Type-1 diabetes, some current evi-
dence revealed that about 30% of hospital admissions  
for DKA involves patients with Type-2 diabetes [17].

More retrospective studies, case reports and a series 
of cases have observed that DKA is not an uncommon 
occurrence among hospitalised COVID-19 patients, 
which could be one of the causes of the higher mor-
tality among these patients. In a Chinese study, almost 
half of the COVID-19 hospitalised patients died; all 
had medium and severe forms of Covid 19, with diabe-
tes as a comorbidity and a 39% mortality in the studied 
cohort [18].

The first reports of DKA in COVID-19 patients out-
side China were by Croft A et al. (2020), who published 
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the evolution of five new-onset DKA in a series of pa-
tients with Type 2 diabetes hospitalised for COVID-19. 
The authors highlighted the unusual severity of DKA 
in these cases of previously well-controlled diabetic 
patients, suggesting the significant negative impact of 
the novel coronavirus infection on insulin regulation 
and metabolic balance [19]. A recently published sys-
tematic review on DKA in COVID-19 patients studied 
the outcomes of a total of 110 SARS-CoV 2 infected 
patients who developed DKA during the hospital stay 
or presented with the typical features on admission 
[20]. Among these, 83% had DKA alone, while 17% 
had DKA and HHS. Seventy-seven per cent of the pa-
tients had pre-existing Type-2 diabetes. The total mor-
tality rate was 45%, being higher for the group with 
combined DKA and HHS (69%) than those with DKA 
alone (29%). The results of this review also noted that 
the majority of patients were male (67%), and although 
the role of gender as a risk factor for DKA is controver-
sial [21, 22], some studies found males to be associated 
with worse outcomes in COVID-19 disease [23]. A sig-
nificant predictor of in-hospital mortality found in this 
study was low pH on admission, while glucose levels 
were not associated with increased mortality or other 
clinical outcomes.

In cross-sectional UK study on 218 patients admit-
ted with laboratory-confirmed COVID-19, pre-exist-
ing Type-2 diabetes was found in 61 patients (28%) 
and Type-1 diabetes in 6 (2.8%) patients. In this cohort, 
four patients (1.8%) presented DKA during the hospital 
stay, three of them having pre-existing Type-2 diabe-
tes, and one was a newly diagnosed case based on high 
glycated haemoglobin C (HbA1C) and glucose levels 
[24]. A study of a Chinese cohort of 658 COVID-19 
hospitalised patients reported that 42 (6.4%) patients 
had ketosis based on elevated urine or serum ketones, 
while seven patients (3%) had confirmed DKA based 
on the American Diabetes Association (ADA) criteria. 
Half of these patients had been previously diagnosed 
as having diabetes, and of the patients with DKA, two 
patients had underlying Type 2 diabetes while one had 
Type 1 diabetes [25]. An interesting finding of this 
study is that the patients with ketosis, compared to the 
rest of the cohort, had higher rates of acute respiratory 
distress syndrome (ARDS), and a significantly higher 
number of them eventually required mechanical venti-
lation. Mortality was also higher in the group with ke-
tosis (21.4%) compared to the patients without (8.9%). 
These findings suggest a possible pathophysiological 

relationship between the metabolic state caused by the 
elevated ketone bodies in serum and worse COVID-19 
disease evolution.  

Besides DKA, another life-threatening acute meta-
bolic complication of diabetes is HHS. Although the 
two conditions can be seen distinctively, both can some-
times overlap, especially in elderly, uncontrolled Type 2 
diabetes patients [26, 27]. As this category of patients is 
known to be the most vulnerable to the COVID-19 in-
fection, considering the many associated comorbidities 
these patients usually have, recently, attention has been 
paid to combined DKA and HHS clinical outcomes in 
COVID-19 patients.

A retrospective study reported six cases with both 
DK and HHS and positive SARS-CoV 2 tests admitted 
to an intensive care unit in New York, USA [28]. All 
six cases were males, and a notable finding was that all 
patients presented mainly with DKA and HHS symp-
toms rather than specific COVID-19 respiratory mani-
festations. The SARS-CoV 2 infection was detected be-
cause the hospital was situated in an epicentre of the 
pandemic where all patients admitted were screened 
for the COVID-19 infection. Only one of the six pa-
tients had no previous diagnosis of diabetes, while the 
other five had underlying Type-2 diabetes. Out of the 
six patients, four patients died from respiratory failure 
or cardiac arrest, three of them while on mechanical 
ventilation. The mortality for this series of patients was 
high (67%), suggesting that the combination of HHS 
and DKA could have higher mortality in COVID-19 
patients than isolated DKA or HHS.

 �Molecular mechanisms involved in 
the pathogenesis of DKA and COV-
ID-19 infection

The exact underlying mechanisms of how SARS-CoV 
2 infection could accelerate DKA development, or how 
DKA contributes to a more severe evolution of the 
COVID-19 disease, leading to worse clinical outcomes 
and higher mortality, are still a subject of debate. The 
novel SARS-CoV 2 coronavirus belongs to a family of 
coronaviruses that have previously caused two signifi-
cant outbreaks, one in the 2002-2004 SARS-1 outbreak 
and another, but with a higher mortality rate of MERS 
in 2012 [29, 30].  Several studies observed a worse evo-
lution in infected diabetic patients during these two 
previous coronavirus epidemics. The dysfunctional im-
mune response in diabetic patients with increased pro-
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duction of Interleukin-17 that predisposes to a more 
severe lung injury was assumed to be the pathophysi-
ological background resulting in the worse prognosis 
of these patients [31, 32]. The current evidence on the 
novel coronavirus SARS-CoV 2 established that the S-
protein binds to the Angiotensin-Converting Enzyme 
2 (ACE-2) receptor, similar to SARS-CoV 1.  These 
ACE-2 receptors are expressed in various degrees in 
the lungs, leading to the specific pathological changes 
and subsequent lung injuries of this infection. Howev-
er, besides the lungs, ACE-2 receptors are also known 
to be expressed in other organs, including the pancreas. 
One of the main known functions of ACE-2 is to de-
grade Angiotensin-2 into Angiotensin 1-7. The physi-
ological role of Angiotensin 2 is to produce inhibition 
of insulin secretion and reduce the vascularisation of 
the pancreatic islet cells, resulting in a hyperglycaemic 
state and a local pancreatic inflammation.

Angiotensin 1-7 has an antagonist role compared to 
Angiotensin 2 by stimulating insulin production and 
vasodilatation [33-35].  As the novel coronavirus has 
the ACE-2 as the target receptor, a downregulation of 
ACE-2 could occur in infected individuals, leading to 
a lack of counter-regulation to Angiotensin 2 effects, 
thus potentially producing a metabolic imbalance fa-
vouring a hyperglycaemic state [36].

This mechanism might explain the possible risk of 
COVID-19 patients developing DKA and metabolic 
deterioration.  Further studies are needed to under-
stand the complex role of the COVID-19 infection on 
pancreatic endocrine function and its consequences. 
Increased insulin resistance during COVID-19 infec-
tion might also be triggered by the frequently used 
medication to treat these patients, especially corti-
costeroids, but also remdesivir, lopinavir/ritonavir 
darunavir/cobicistat and interferon-b1. Cortisol, a 
potent endogenous stress hormone, is a known glu-
cose elevating agent, states of hypercortisolism being 
frequently a cause for the metabolic deterioration of 
diabetic patients. Therefore, it could be hypothesised 
that cortisol, together with other stress hormones like 
catecholamines, might be involved in the vicious cycle 
of diabetic patients with COVID-19 during the hyper-
inflammatory stress response phase [20, 36]. Another 
important characteristic of COVID-19 infection and 
DKA independent of the accompanying infection is 
the pro-inflammatory state with elevated levels of in-
flammatory markers. The elevation of the IL-6 marker 
is correlated with a maladaptive immune response in 

COVID-19 patients, leading to worse outcomes and 
higher mortality. Some studies also suggested IL-6 
would be associated with ketosis independent of the 
COVID-19 infection, as it was found to be elevated in 
patients with DKA [37, 38].

Further studies are needed to evaluate the role of 
other possible markers of disease severity, like pro-in-
flammatory cytokines or Vascular Endothelial Growth 
Factor (VEGF), which is known to be a predictor of 
poor outcome in ARDS [39]. Some studies noticed 
that obesity would pose an additional risk of severe 
complications and increased mortality for COVID-19 
patients [40]. Several mechanisms could be behind 
this relationship between obesity and severity of COV-
ID-19 disease, like the impaired respiratory function 
due to increased abdominal pressure, complications of 
the metabolic syndrome or secondary to the increased 
pro-inflammatory cytokines released from the adipose 
tissue [41]. Cardiovascular diseases are frequently as-
sociated with Type 2 diabetes, especially in uncon-
trolled patients who are more likely to develop DKA 
[42,43]. Several studies noted that cardiovascular com-
plications, like myocardial injury, myocarditis, heart 
failure, are not uncommon among COVID-19 pa-
tients. Moreover, patients with pre-existing cardiac co-
morbidities, like hypertension, are at increased risk of 
suffering from these complications and having worse 
outcomes [44, 45]. Further studies are needed to clarify 
the possibility of a synergistic relationship between the 
inflammatory cascades of COVID-19 and DKA and 
whether these are responsible for a worse prognosis in 
these patients.

 �Update on the management of DKA 
during the COVID-19 pandemic 

As recommended by the latest guidelines, the key com-
ponents of DKA management include fluid and potas-
sium replacement, intravenous insulin therapy and 
close monitoring of serum ketones, electrolytes, as well 
as acid-base status. It is recommended that patients 
continue long-acting analogue insulin therapy along-
side intravenous infusions to prevent rebound hyper-
glycaemia after the intravenous treatment has ceased 
[1, 46].

Management of DKA during the COVID-19 pan-
demic poses a significant challenge, as there is no cur-
rent consensus or guidelines for this issue. In the case 
of compliant and clinically stable patients, where home 
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testing of ketones is available, early treatment and pre-
vention of this condition could be, in theory, done at 
home with self-hydration with oral fluids and following 
the therapy instructions by the healthcare team [47]. 
This could be an appealing option during the pandemic 
to prevent further exposure and risk of contamination. 
However, when there is a clinical suspicion of a wors-
ening condition or a clinical or epidemiological picture 
suggestive of COVID-19 infection, urgent evaluation 
in a hospital setting is mandatory [38].  

A known helpful strategy for managing uncompli-
cated and mild DKA that could also be used during 
the COVID-19 pandemic consists of the utilisation of 
subcutaneous insulin therapy; this would reduce the 
need for prolonged direct contact with healthcare per-
sonnel and nursing time. A. Cochrane review evalu-
ated five randomised clinical trials concluded that 
subcutaneous rapid-acting insulin therapy is not infe-
rior to intravenous insulin therapy for the treatment 
of mild DKA [48]. However, the role of subcutaneous 
insulin therapy for DKA should be reserved for mild 
cases with no complicated underlying diseases like 
acute kidney injury, myocardial infarction or stroke. 
Such cases would require an intensive-care unit set-
ting and the use of intravenous therapy with constant 
biochemical and hemodynamic monitoring [1, 49]. In 
case of severe forms of DKA, the optimal management 
should be done in an intensive care unit with intra-
venous insulin therapy and frequent monitoring of 
glucose, potassium and fluid balance. Currently, there 
is no consensus regarding insulin requirements in 
COVID-19 patients with DKA. From the little clinical 
evidence available, it would seem that insulin require-
ments in DKA patients may require up to 4 units/kg/
day, a dose that is higher than generally given to non-
COVID patients. 

The pro-inflammatory state of COVID-19 could 
explain this and the disturbance of the Angiotensin 
1-7 counter-regulation of Angiotensin 2, leading to a 
higher degree of insulin resistance and possibly the 
accompanying organ damage involving the pancre-
atic islet cells. Careful attention should be paid to the 
concomitant use of corticosteroids and vasopressors 
in critically ill patients, as these could significantly 
influence the need for insulin. Therefore, a rapid ad-
justment method of insulin delivery to address fluc-
tuations in glucose levels is vital for critically ill COV-
ID-19 patients with DKA [50,51]. Another important 
issue of COVID-19 patients presenting with DKA is 

the restoration of potassium levels. By binding to the 
ACE-2 receptors, the SARS-CoV-2 infection could po-
tentially lead to a state of hyperaldosteronism through 
reduced degradation of aldosterone, causing more se-
vere hypokalaemia. Frequent and careful monitoring 
of serum potassium and quick interventions to restore 
it to normal levels are mandatory in COVID-19 pa-
tients with DKA, as hypokalaemia can worsen respira-
tory function through neuromuscular weakness [52, 
53]. DKA is also known to produce a hypercoagulable 
state, increasing the risk of thromboembolic events in 
these patients. This risk could be further enhanced by 
an underlying COVID-19 infection which is known to 
be associated with thromboembolic complications in 
severe cases. Considering this, it is vital to adminis-
ter prophylaxis with low molecular weight heparin to 
all COVID-19 patients with DKA and keep a watchful 
eye on any signs or symptoms suggestive of a throm-
boembolic event [54, 55]. 

The nutrition of COVID-19 patients in ICU units is 
another matter of debate. There are no specific guide-
lines or data regarding the optimal nutritional support 
of COVID-19 diabetic patients. General recommenda-
tions for critical COVID-19 patients indicate that gas-
tric enteral nutrition should be performed as early as 
possible after admission and should be preferred over 
parenteral nutrition. If gastric enteral nutrition is not 
possible or sufficient, parenteral nutrition (PN) can be 
prescribed using case-by-case decision-making. Risks 
of overfeeding and hyperglycaemia are to be taken into 
consideration, especially in diabetic patients. Liver 
function should also be closely monitored in all pa-
tients receiving gastric enteral nutrition or parenteral 
nutrition [56].

Another significant challenge in managing these 
patients lies in the administration of intravenous flu-
ids. Although restoring fluid balance is a crucial aspect 
of treating ketosis, the lung involvement of COVID-19 
infection could be worsened by increased extravascu-
lar lung water that would lead to severe hypoxia and 
potentially dangerous outcomes [57]. Therefore, exces-
sive fluid administration should be avoided in patients 
with impaired respiratory function to prevent quick 
clinical deterioration. The latest UK guidelines by 
the National Inpatient Diabetes COVID-19 Response 
Group recommend a conservative approach to isoton-
ic saline use. These suggest the administration of 250 
ml fluid bolus for 15 minutes, with the further regula-
tion of the infusion rate adapted to the patient’s weight 
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and pH. Patients with severe acidosis (pH < 7.1) should 
be treated more aggressively regarding fluid replace-
ment than those with milder acidosis. The conserva-
tive approach to fluid replacement, although protecting 
the lungs, could lead to impaired clearance of ketones 
causing prolonged and worse ketonemia [58,59]. 

As DKA leads to a state of acidosis, patients fre-
quently resort to respiratory-compensation tachyp-
noea; this state may be impaired in COVID-19 infected 
individuals.

Probably the most troublesome complication in all 
COVID-19 patients is acute hypoxemic respiratory 
failure [60]. The management of this has been a sub-
ject of debate, the choice of the therapeutical options 
depending on the severity of the lung disease and the 
general metabolic and hemodynamic status of each pa-
tient. The most conservative approach would be clas-
sic oxygen therapy, with the most recent guidelines 
recommending a target oxygen saturation between 92-
96%. However, a significant number of patients might 
require further respiratory support beyond the oxygen 
supplementation, the options ranging from high-flow 
nasal cannula non-invasive positive pressure ventila-
tion or early intubation. The decision of whether to 
intubate patients with progressive respiratory failure 
early is still controversial, although some centres are 
switching from non-invasive positive pressure ventila-
tion to techniques such as a high-flow nasal cannula or 
even early intubation. 

The use of a high-flow nasal cannula is a viable op-
tion for avoiding or delaying intubation, providing, as 
it does, adequate pre-oxygenation before the need for 
intubation and mechanical ventilation [61].

The principles of respiratory support in COVID-19 
respiratory failure are similar to those for ARDS caused 
by other diseases: low tidal volumes and driving pres-
sures and adjusting the positive end-expiratory pres-
sure depending on each patient’s requirements to 
protect the lungs. The addition of a severe metabolic 
complication like DKA makes the management and 
decision-strategy in the intensive-care unit handling of 
these patients even more problematic, as there is a lack 
of consensus and data regarding these issues [60, 62].

 �Conclusions
Diabetic ketoacidosis management during the  
COVID-19 pandemic poses a significant challenge. Pa-
tients with pre-existing diabetes are considered a vul-

nerable group to SARS-CoV-2 related complications, 
and the virus could potentially lead to a worsening of 
glycaemic control and acute complications like DKA. 
Mortality in COVID-19 infected diabetic patients is 
high, resulting in DKA producing even worse clinical 
outcomes and prognosis. Close and continuous moni-
toring is mandatory for DKA patients with Covid-19, 
making it challenging for healthcare facilities to en-
sure a safe environment for both personnel and pa-
tients through enforcing strict protective and contact-
limiting measures. Management of DKA patients with 
COVID-19 could be handled by aggressive intravenous 
insulin therapy and fluid restoration in some critically 
ill patients while taking a conservative approach to 
fluid administration to avoid excessive extravascular 
lung volumes that could worsen the respiratory func-
tion. Further research is needed to understand the 
pathogenesis of DKA during COVID-19 infection and 
to provide reliable guidelines on how to manage these 
patients.

 �Conflict of interest
None to declare.

 �References
1.	 Noble-Bell	G,	Cox	A.	Management	of	diabetic	ketoacidosis	 in	

adults. Nurs Times. 2014;110(10):14-17.

2.	 Westerberg	 DP.	 Diabetic	 ketoacidosis:	 evaluation	 and	
treatment. Am Fam Physician. 2013;87(5):337-346.

3.	 Koye	 DN,	 Magliano	 DJ,	 Nelson	 RG,	 Pavkov	 ME.	 The	 Global	
Epidemiology of Diabetes and Kidney Disease. Adv Chronic 
Kidney Dis. 2018;25(2):121-132.

4. Forouhi NG, Wareham NJ. Epidemiology of diabetes. Medicine 
(Abingdon). 2014;42(12):698-702.

5.	 Hussain	 A,	 Bhowmik	 B,	 do	 Vale	 Moreira	 NC.	 COVID-19	 and	
diabetes: Knowledge in progress. Diabetes Res Clin Pract. 
2020;162:108142.

6.	 Rauf	A,	Abu-Izneid	T,	Olatunde	A,	 et	 al.	 COVID-19	Pandemic:	
Epidemiology,	 Etiology,	 Conventional	 and	 Non-Conventional	
Therapies.	Int	J	Environ	Res	Public	Health.	2020;17(21):E8155.	
Published 2020 Nov 4.

7.	 Bouhanick	B,	Cracowski	J-L,	Faillie	J-L.	Diabetes	and	COVID-19.	
Therapies. 2020;75(4):327-333. 

8.	 Singh	AK,	Gupta	R,	Ghosh	A,	Misra	A.	Diabetes	 in	COVID-19:	
Prevalence,	 pathophysiology,	 prognosis	 and	 practical	
considerations.	Diabetes	Metab	Syndr.	2020;14(4):303-310.

9.	 Abdi	 A,	 Jalilian	 M,	 Sarbarzeh	 PA,	 Vlaisavljevic	 Z.	 Diabetes	
and	 COVID-19:	 A	 systematic	 review	 on	 the	 current	



 12 • The Journal of Critical Care Medicine 2022;8(1) Available online at: www.jccm.ro

evidences. Diabetes Res Clin Pract. 2020;166:108347.

10.	Varikasuvu	SR,	Dutt	N,	Thangappazham	B,	Varshney	S.	Diabetes	
and	COVID-19:	A	pooled	analysis	related	to	disease	severity	and	
mortality. Prim Care Diabetes. 2020;S1751-9918(20)30251-5.

11.	Orioli	L,	Hermans	MP,	Thissen	JP,	Maiter	D,	Vandeleene	B,	Yombi	
JC.	COVID-19	in	diabetic	patients:	Related	risks	and	specifics	of	
management. Annales d’Endocrinologie. 2020;81(2-3):101-
109. 

12.	Apicella	M,	Campopiano	MC,	Mantuano	M,	Mazoni	L,	Coppelli	
A,	del	Prato	S.	COVID-19	in	people	with	diabetes:	understanding	
the	 reasons	 for	 worse	 outcomes.	 The	 Lancet	 Diabetes	 and	
Endocrinology. 2020;8(9):782-792. 

13.	Zhang	 JJ,	Dong	X,	Cao	YY,	et	al.	Clinical	characteristics	of	140	
patients	 infected	 with	 SARS-CoV-2	 in	Wuhan,	 China.	 Allergy.	
2020;75(7):1730-174

14.	Guo	W,	 Li	M,	 Dong	 Y,	 et	 al.	 diabetes	 is	 a	 risk	 factor	 for	 the	
progression	and	prognosis	of	COVID-19	[published	online	ahead	
of print, 2020 Mar 31]. Diabetes Metab Res Rev. 2020;e3319. 

15.	Singh	AK,	Gupta	R,	Ghosh	A,	Misra	A.	Diabetes	 in	COVID-19:	
Prevalence,	 pathophysiology,	 prognosis	 and	 practical	
considerations.	Diabetes	Metab	Syndr.	2020;14(4):303-310.

16.	Stentz	 FB,	 Umpierrez	 GE,	 Cuervo	 R,	 Kitabchi	 AE.	 Pro-
inflammatory	 cytokines,	 markers	 of	 cardiovascular	 risks,	
oxidative	 stress,	 and	 lipid	 peroxidation	 in	 patients	 with	
hyperglycemic crises. Diabetes. 2004;53(8):2079-2086.

17.	Wang	 ZH,	 Kihl-Selstam	E,	 Eriksson	 JW.	 Ketoacidosis	 occurs	 in	
both	 Type	 1	 and	 Type	 2	 diabetes--a	 population-based	 study	
from Northern Sweden. Diabet Med. 2008;25(7):867-870.

18.	Zhou	 F,	 Yu	 T,	 Du	 R,	 et	 al.	 Clinical	 course	 and	 risk	 factors	 for	
mortality	of	adult	 inpatients	with	COVID-19	in	Wuhan,	China:	
a	 retrospective	 cohort	 study.	 Lancet.	 2020;395(10229):1054-
1062.

19.	Croft	A,	Bucca	A,	Jansen	JH,	et	al.	First-time	Diabetic	Ketoacidosis	
in	 Type	 2	 Diabetics	 With	 Covid-19	 Infection:	 A	 Novel	 Case	
Series. J Emerg Med. 2020;S0736-4679(20)30699-5. 

20.	Pal	R,	Banerjee	M,	Yadav	U,	Bhattacharjee	S.	Clinical	profile	and	
outcomes	 in	 COVID-19	 patients	with	 diabetic	 ketoacidosis:	 A	
systematic	 review	 of	 the	 literature.	 Diabetes	 and	 Metabolic	
Syndrome: Clinical Research and Reviews. 2020;14(6):1563-
1569.

21.	Umpierrez	GE,	 Kitabchi	AE.	Diabetic	 ketoacidosis:	 risk	 factors	
and management strategies. Treat Endocrinol. 2003;2(2):95-
108.

22.	Ehrmann	D,	Kulzer	B,	Roos	T,	Haak	T,	Al-Khatib	M,	Hermanns	N.	
Risk	factors	and	prevention	strategies	for	diabetic	ketoacidosis	
in	 people	with	 established	 Type	 1	 diabetes.	 Lancet	 Diabetes	
Endocrinol. 2020;8(5):436-446.

23.	Klein	SL,	Dhakal	S,	Ursin	RL,	Deshpande	S,	Sandberg	K,	Mauvais-
Jarvis	 F.	 Biological	 sex	 impacts	 COVID-19	 outcomes.	 PLoS	
Pathog. 2020;16(6):e1008570.

24.	Goldman	N,	 Fink	D,	 Cai	 J,	 Lee	 YN,	Davies	 Z.	 High	 prevalence	
of	COVID-19-associated	diabetic	ketoacidosis	in	UK	secondary	
care. Diabetes Res Clin Pract. 2020;166:108291. 

25.	Li	J,	Wang	X,	Chen	J,	Zuo	X,	Zhang	H,	Deng	A.	COVID-19	infection	
may	 cause	 ketosis	 and	 ketoacidosis.	 Diabetes,	 Obesity	 and	
Metabolism. 2020;22(10):1935-1941. 

26.	Umpierrez	 G,	 Korytkowski	 M.	 Diabetic	 emergencies	
-	 ketoacidosis,	 hyperglycaemic	 hyperosmolar	 state	 and	
hypoglycaemia. Nat Rev Endocrinol. 2016;12(4):222-232.

27.	Dhatariya	 K.	 Diabetic	 ketoacidosis	 and	 hyperosmolar	 crisis	 in	
adults. Medicine. 2014;42(12):723-726.

28.	Chan	KH,	Thimmareddygari	D,	Ramahi	A,	Atallah	L,	Baranetsky	
NG,	 Slim	 J.	 Clinical	 characteristics	 and	 outcome	 in	 patients	
with	 combined	 diabetic	 ketoacidosis	 and	 hyperosmolar	
hyperglycemic	state	associated	with	COVID-19:	A	retrospective,	
hospital-based	 observational	 case	 series.	 Diabetes	 Res	 Clin	
Pract. 2020;166:108279.

29.	Mackay	 IM,	 Arden	 KE.	 MERS	 coronavirus:	 diagnostics,	
epidemiology	and	transmission.	Virol	J.	2015;12:222.

30.	Shi	X,	Gong	E,	Gao	D,	et	al.	Severe	acute	respiratory	syndrome-
associated	coronavirus	is	detected	in	intestinal	tissues	of	fatal	
cases. Am J Gastroenterol. 2005;100(1):169-176.

31.	Alqahtani	 FY,	 Aleanizy	 FS,	 Ali	 El	 Hadi	 Mohamed	 R,	 et	 al.	
prevalence	 of	 comorbidities	 in	 Middle	 East	 respiratory	
syndrome	coronavirus	cases:	a	retrospective	study.	Epidemiol	
Infect.	2018;147:1-5.

32.	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(20):e131774.

33.	Hofmann	 H,	 Pyrc	 K,	 van	 der	 Hoek	 L,	 Geier	 M,	 Berkhout	 B,	
Pöhlmann	 S.	 Human	 coronavirus	 NL63	 employs	 the	 severe	
acute respiratory syndrome coronavirus receptor for cellular 
entry. Proc Natl Acad Sci U S A. 2005;102(22):7988-7993.

34.	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):193-199. 

35.	Carlsson	 PO,	 Berne	 C,	 Jansson	 L.	 Angiotensin	 II	 and	 the	
endocrine	 pancreas:	 effects	 on	 islet	 blood	 flow	 and	 insulin	
secretion	in	rats.	Diabetologia.	1998;41(2):127-133.

36.	Pal	 R,	 Bhadada	 SK.	 COVID-19	 and	 diabetes	 mellitus:	 an	
unholy	 interaction	 of	 two	 pandemics.	 Diabetes	Metab	 Syndr	
2020;14:513e7

37.	Palermo	NE,	Sadhu	AR,	McDonnell	ME.	Diabetic	Ketoacidosis	in	
COVID-19:	Unique	Concerns	and	Considerations.	The	Journal	of	
clinical endocrinology and metabolism. 2020;105(8):1-11. 

38.	Chen	 X,	 Zhao	 B,	Qu	 Y,	 et	 al.	 Detectable	 Serum	 Severe	 Acute	
Respiratory	 Syndrome	Coronavirus	 2	Viral	 Load	 (RNAemia)	 Is	
Closely	Correlated	With	Drastically	Elevated	Interleukin	6	Level	
in	 Critically	 Ill	 Patients	 With	 Coronavirus	 Disease	 2019.	 Clin	
Infect	Dis.	2020;71(8):1937-1942.

39.	Azamfirei	 L,	 Gurzu	 S,	 Solomon	 R,	 et	 al.	 Vascular	 endothelial	
growth	 factor:	 a	 possible	 mediator	 of	 endothelial	 activation	
in acute respiratory distress syndrome. Minerva Anestesiol. 
2010;76(8):609-616.



The Journal of Critical Care Medicine 2022;8(1) • 13Available online at: www.jccm.ro

40.	Dietz	 W,	 Santos-Burgoa	 C.	 Obesity	 and	 its	 Implications	 for	
COVID-19	Mortality.	Obesity	(Silver	Spring).	2020;28(6):1005.

41.	Tilinca	 M.,	 Barabas-Hajdu	 E.,	 Ferencz	 G.,	 Nemes-Nagy	 E.	
Involvement	 of	 inflammatory	 cytokines	 in	 obesity	 and	 its	
complications,	 Revista	 Romana	 de	 Medicina	 de	 Laborator.	
2018;26(3):359-372. 

42.	Tilinca	M,	Pal	S,	Preg	Z,	Barabas-Hajdu	E,	Tilinca	R,	German-Sallo	
M,	Nemes-Nagy	E.	The	relationship	of	metabolic	and	endocrine	
parameters with associated diseases in diabetes mellitus. Rev 
Chim. 2018;69(5):1288-1291.

43.	Nicola	P,	Ardeleanu	E,	Gadau	C,	et	al.	Evaluation	of	Biochemical	
and Clinical Parameters of Hypertension with Type 2 Diabetes 
Mellitus. Revista de Chimie. 2018;1(9):2402-2406.

44.	Zheng	YY,	Ma	YT,	Zhang	JY,	Xie	X.	COVID-19	and	the	cardiovascular	
system. Nat Rev Cardiol. 2020;17(5):259-260. 

45.	Li	B,	Yang	J,	Zhao	F,	et	al.	prevalence	and	impact	of	cardiovascular	
metabolic	 diseases	 on	 COVID-19	 in	 China.	 Clin	 Res	 Cardiol.	
2020;109(5):531-538. 

46.	Evans	K.	Diabetic	ketoacidosis:	Update	on	management.	Clinical	
Medicine,	Journal	of	the	Royal	College	of	Physicians	of	London.	
2019;19(5):396-398. 

47.	Misra	 S,	 Oliver	 NS.	 Utility	 of	 ketone	 measurement	 in	
the	 prevention,	 diagnosis	 and	 management	 of	 diabetic	
ketoacidosis.	Diabet	Med.	2015;32(1):14-23.

48.	Andrade-Castellanos	CA,	Colunga-Lozano	LE,	Delgado-Figueroa	
N,	 Gonzalez-Padilla	 DA.	 Subcutaneous	 rapid-acting	 insulin	
analogues	 for	 diabetic	 ketoacidosis.	 Cochrane	 Database	 Syst	
Rev. 2016;(1):CD011281.

49.	Kitabchi	AE,	Umpierrez	GE,	Miles	JM,	Fisher	JN.	Hyperglycemic	
crises	 in	 adult	 patients	 with	 diabetes.	 Diabetes	 Care.	
2009;32(7):1335-1343.

50.	Korytkowski	 M,	 Antinori-Lent	 K,	 Drincic	 A,	 et	 al.	 A	
Pragmatic	 Approach	 to	 Inpatient	 Diabetes	 Management	
during	 the	 COVID-19	 Pandemic.	 J	 Clin	 Endocrinol	 Metab.	
2020;105(9):dgaa342.

51.	Moghissi	 ES,	 Korytkowski	 MT,	 DiNardo	 M,	 et	 al.	 American	
Association	of	Clinical	Endocrinologists	and	American	Diabetes	

Association	 consensus	 statement	 on	 inpatient	 glycemic	
control. Diabetes Care. 2009;32(6):1119-1131.

52.	Chen	 D,	 Li	 X,	 Song	 Q,	 et	 al.	 Assessment	 of	 Hypokalemia	
and	 Clinical	 Characteristics	 in	 Patients	 With	 Coronavirus	
Disease	 2019	 in	 Wenzhou,	 China.	 JAMA	 Netw	 Open.	
2020;3(6):e2011122. 

53.	Ditzel	 J,	 Lervang	 HH.	 Disturbance	 of	 inorganic	 phosphate	
metabolism	 in	 diabetes	 mellitus:	 clinical	 manifestations	 of	
phosphorus-depletion	syndrome	during	recovery	from	diabetic	
ketoacidosis.	Diabetes	Metab	Syndr	Obes.	2010;3:319-324.

54.	 Iba	T,	Levy	JH,	Connors	JM,	Warkentin	TE,	Thachil	J,	Levi	M.	The	
unique	 characteristics	 of	 COVID-19	 coagulopathy.	 Crit	 Care.	
2020;24(1):360. 

55.	The	Lancet	Haematology.	COVID-19	coagulopathy:	an	evolving	
story.	Lancet	Haematol.	2020;7(6):e425.	

56.	Thibault,	 R.,	 Seguin,	 P.,	 Tamion,	 F.	 et	 al.	 Nutrition	 of	 the	
COVID-19	patient	 in	 the	 intensive	 care	unit	 (ICU):	 a	 practical	
guidance.Crit Care 2020; 24, 447 

57.	Shang	 Y,	 Pan	 C,	 Yang	 X,	 et	 al.	 management	 of	 critically	 ill	
patients	 with	 COVID-19	 in	 ICU:	 a	 statement	 from	 front-line	
intensive	 care	 experts	 in	Wuhan,	 China.	 Ann	 Intensive	 Care.	
2020;10(1):73.

58.	Rayman	 G,	 Lumb	 A,	 Kennon	 B,	 et	 al.	 Guidance	 on	 the	
management	 of	 Diabetic	 Ketoacidosis	 in	 the	 exceptional	
circumstances	 of	 the	 COVID-19	 pandemic.	 Diabet	 Med.	
2020;37(7):1214-1216.

59.	Kitabchi	AE,	Umpierrez	GE,	Murphy	MB,	et	al.	management	of	
hyperglycemic	crises	in	patients	with	diabetes.	Diabetes	Care.	
2001;24(1):131-153.

60.	Poston	 JT,	 Patel	 BK,	 Davis	 AM.	 Management	 of	 Critically	 Ill	
Adults	With	COVID-19.	JAMA.	2020;323(18):1839-1841.

61. Wilcox SR. Management of respiratory failure due to 
covid-19. BMJ. 2020;369:m1786. 

62.	Alhazzani	 W,	 Møller	 MH,	 Arabi	 YM,	 et	 al.	 Surviving	 sepsis	
campaign:	guidelines	on	the	management	of	critically	ill	adults	
with	coronavirus	disease	2019	(COVID-19).	Intensive	Care	Med.	
2020:1-34.


