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Abstract
Background:Current literature on COVID- 19 pandemic has identified diabetes as 
a common comorbidity in patients affected. However, the evidence that diabetes 
increases the risk of infection, effect of diabetes on outcomes and characteristics of 
patients at risk is not clear.
Objectives:To explore the prevalence of diabetes in COVID- 19 pandemic, effect of 
diabetes on clinical outcomes and to characterise the patients with diabetes affected 
by COVID- 19.
Methods:A	literature	review	of	articles	published	in	English	language	and		reported	
outcomes on prevalence and effect of diabetes on outcomes and patients’ 
characteristics.
Results:The prevalence of diabetes in COVID- 19 patients appears similar to that 
in the general population. The evidence of diabetes increasing the risk of severe 
 infection and adverse outcomes is substantial. The progression of the disease into 
acute respiratory distress syndrome, the requirement for intensive care admission 
or mechanical ventilation and mortality all have been increased by the presence of 
diabetes. Patients with diabetes at risk of COVID- 19 appear to be obese, of older 
age, have uncontrolled glycaemia and have coexisting comorbidities especially 
 cardiovascular disease and hypertension. Tight glycaemic control on admission to 
hospital using insulin infusion has shown some beneficial effects; however, the role 
of hypoglycaemic medications in the management of these patients is not yet clear.
Conclusion:High risk group should be identified and prioritised in future vaccination 
programmes.	Future	research	is	required	to	optimise	management	of	patients	with	
diabetes and develop new ways to manage them via technological developments 
such as telecare.

Keypoints

• Diabetes is a common comorbidity in patients with COVID- 19.
• Diabetes is associated with severe illness and worse outcomes.
• Uncontrolled diabetes and obesity appear to be the major characteristics of patients at risk.
•	 Frailty	may	be	a	confounding	factor	that	increases	the	risk	of	adverse	outcomes.
•	 Future	 research	 is	 required	 to	 optimise	 the	 management	 of	 patients	 with	 diabetes	 and	

COVID- 19.
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1  | INTRODUCTION

In December 2019, a new coronavirus— the severe acute respiratory 
syndrome	 coronavirus-	2	 (SARS-	CoV-	2)	 —	has	 emerged	 in	Wuhan,	
China	 and	was	 named	COVID-	19	 by	 the	WHO.	The	 virus	 spread	
rapidly across continents to cause a global pandemic.1	 Although	
the virus affected all age groups, the incidence was particularly 
shifted towards older age groups especially in those with underly-
ing	chronic	health	conditions.	Among	these	chronic	health	condi-
tions, diabetes mellitus in particular, appeared to be a major risk 
factor for both COVID- 19 infection and worse outcomes. Diabetes 
is already known to be associated with increased mortality from 
any acute and chronic illness including infection.2 However, with 
this new pandemic, the characteristics of patients with diabetes 
infected with the COVID- 19 virus have not been clearly defined. 
Therefore, it is not yet known whether particular subgroups with 
diabetes are at increased risk of COVID- 19 infection. This manu-
script aims to explore the prevalence of diabetes in COVID- 19 
pandemic, characteristics of patients with diabetes affected by 
COVID- 19 and the effect of diabetes on clinical outcomes.

2  | METHODS

We	 undertook	 a	 detailed	 literature	 search	 with	 full	 assessment	
of relevant articles by searching the following databases: Google 
Scholar,	Medline	 and	 Embase.	We	 used	Medical	 Subject	 Heading	
(MeSH)	terms:	diabetes	mellitus,	COVID-	19,	infection,	comorbidity,	
patients’ characteristics, risk factors, adverse outcomes, prevalence, 
mortality, predictors, disease progression, disease severity and gly-
caemic	control.	We	searched	articles	for	three	categories	of	data:

1.	 Articles	 that	 reported	 diabetes	 as	 comorbidity	 in	 patients	with	
COVID- 19.

2.	 Articles	that	reported	diabetes	as	a	contributing	factor	to	clinical	
outcomes.

3.	 Articles	that	specifically	reported	the	characteristics	of	patients	
with diabetes affected by COVID- 19.

Articles	 were	 reviewed	 for	 relevance	 by	 abstract.	 A	 manual	
search of citations in retrieved articles was performed in addition 
to	the	electronic	literature	search.	We	limited	our	selection	to	stud-
ies	published	in	English	language	and	reported	clear	outcomes.	For	
data extractions, all articles derived from the search enquiry were 
independently examined by the authors, and data were extracted 
in a standardised format, which included study design, population 
studied and main findings.

3  | PREVALENCE

Diabetes is commonly reported as a premorbid condition for people 
infected with COVID- 19 although whether diabetes is a risk factor for 

this infection is still unclear. In a Chinese nationwide analysis of 1590 
hospitalised patients with COVID- 19, at least one comorbidity was 
present in 25.1% of patients. The most prevalent comorbidity was 
hypertension	(16.9%),	followed	by	diabetes	(8.2%).3 In a data analysis 
of	12	studies	 that	 included	2108	Chinese	patients	with	confirmed	
SARS-		Cov-	2	 infection,	 the	prevalence	of	diabetes	was	10.3%.4 In 
another meta- analysis of six studies including 1527 Chinese pa-
tients, the proportions of hypertension, cardio- cerebrovascular dis-
ease	and	diabetes	in	patients	with	COVID-	19	were	17.1%,	16.4%	and	
9.7%, respectively.5	A	systematic	review	of	eight	studies	including	46	
248	Chinese	patients	found	that	diabetes	was	the	second	(8%)	most	
prevalent	comorbidity,	after	hypertension	(17%),	in	people	hospital-
ised with COVID- 19.6 In a quantitative meta- analysis of 19 studies 
(18	from	China	and	one	from	Australia),	36.8%	of	CODID-	19	patients	
had	underlying	comorbidities	 (95%	CI	24.7%-	48.9%),	 the	most	sig-
nificant	being	hypertension	 (18.6%,	8.1-	29.0%),	 cardiovascular	dis-
ease	(14.4%,	5.7%-	23.1%),	and	diabetes	(11.9%,	9.1%-	14.6%).7 Data 
from a British report of 20 133 patients with severe COVID- 19 who 
were	hospitalised	showed	a	median	age	of	73	years	(IQR	58,	82)	and	
77% had a documented comorbidity. The prevalence of diabetes was 
21%,	only	 second	 to	 chronic	 cardiac	disease	 (31%).8	 In	 a	US	 long-	
term care facility report of 101 residents with COVID- 19, the me-
dian	age	was	83	years	(range,	51-	100),	the	hospitalisation	rate	was	
54.5%	and	the	case	fatality	rate	was	33.7%.	Most	(94.1%	of	101)	of	
the residents had chronic underlying health conditions, with hyper-
tension	(67.3%),	cardiac	disease	(60.4%),	renal	disease	(40.6%),	dia-
betes	mellitus	 (31.7%),	pulmonary	disease	 (31.7%),	obesity	 (30.7%)	
and	cancer	(14.9%)	being	the	most	common.9 The main international 
data reporting diabetes as a common comorbidity in patients with 
COVID- 19 are summarised in Table 1.3,8,10,11

4  | PATIENTCHARACTERISTICS

A	case	series	to	describe	the	characteristics	of	28	Chinese	patients,	
mean	(SD)	age	was	68.6	(9.0)	years,	75%	were	males	and	50%	were	
admitted	 to	 Intensive	 care	 unit	 (ICU).	 The	 HbA1c	 level	 was	 simi-
lar	 between	 ICU	 (7.3%)	 and	 non-	ICU	 (7.5%)	 patients	 but	 random	
blood glucose concentrations were significantly higher in ICU pa-
tients	(13.7	mmol/L	vs	9.8	mmol/L,	P =	.03	respectively).	Seventeen	
(60.7%)	 patients	 had	 coexisting	 chronic	 diseases,	 including	 hyper-
tension, heart disease, cerebrovascular disease and chronic res-
piratory disease.12 In another study of 193 Chinese patients with 
severe	COVID-	19,	48	of	them	(24.9%)	had	diabetes.	Compared	with	
patients without diabetes, those with diabetes were older (70 years 
vs	 60	 years,	P <	 .001),	 had	more	 comorbidities	 (60.4%	 vs	 44.8%,	
P =	.06),	were	more	likely	to	receive	mechanical	ventilation	(81.3%	
vs 49.0%, P <	.001)	and	had	a	higher	mortality	rate	(81.3%	vs	47.6%,	
P <	.001).13	In	a	Chinese	study	of	904	patients,	136	(15%)	had	dia-
betes, insulin usage was associated with poor prognosis while the 
use	of	angiotensin-	converting	enzyme	(ACE)	inhibitors	or	angioten-
sin	receptor	blockers	(ARBs)	was	not	associated	with	adverse	clinical	
outcomes.14 Data from the UK of a total of 3 154 300 patients with 



     |  3 of 11ABDELHAFIZ Et AL.

diabetes	showed	that	uncontrolled	diabetes	(HbA1c	>	86	mmol/mol	
vs	48-	53	mmol/mol)	and	obesity	(BMI	> 40 kg/m2 vs 25- 29.9 kg/m2)	
were independently associated with increased COVID- 19 mortality 
in both type 1 and type 2 diabetes.15 In the univariate analysis of the 
French	study	that	included	1317	patients	with	diabetes	hospitalised	
for COVID- 19, characteristics significantly associated with the pri-
mary outcome (mechanical ventilation and/or death within 7 days 
of	admission)	were	sex,	BMI	and	previous	treatment	with	renin	an-
giotensin	 aldosterone	 system	 (RAAS)	 blockers,	 but	 not	 with	 age,	
type	of	diabetes,	HbA1c,	diabetic	complications	or	glucose-	lowering	
therapies. However, in multivariable analyses, only BMI remained 
positively associated with the primary outcome.16	Data	from	the	US	
showed	that	mortality	rate	was	28.8%	in	patients	with	diabetes	or	
uncontrolled	hyperglycaemia	compared	with	only	6.2%	for	patients	
without	 diabetes	 or	 hyperglycaemia.	 Also,	 hyperglycaemia-	related	
mortality	was	41.7%	compared	with	14.8%	for	patients	with	diabe-
tes but no hyperglycaemia suggesting that hyperglycaemia played 
a crucial role in adverse outcome.17	Long	duration	of	diabetes,	un-
controlled glycaemia, obesity, increased prevalence of hypertension, 
chronic	kidney	disease	and	the	common	use	of	ACE	inhibitors	and	
ARBs	were	 described	 in	 a	 British	 case	 series.18 Characteristics of 
patients with diabetes and COVID- 19 infection are summarised in 
Table 2.

5  | OUTCOMES

Diabetes was a common comorbidity in COVID- 19 patients who 
were either admitted to ICU or died.19- 21 In a meta- analysis that 
included	 1382	 patients	 hospitalised	 for	 COVID-	19,	 diabetes	 was	
identified as a risk factor for both ICU admission (OR 2.79, 95% CI 
1.85-	4.22,	P <	.0001)	and	mortality	(3.21,	1.82-	5.64,	P <	.0001).22 In 

another	meta-	analysis	of	1936	COVID-	19	patients,	diabetes	signifi-
cantly	correlated	with	COVID-	19	severity	(OR	2.67,	95%	CI	1.91-	3.74,	
P <	 .01).23 Prevalence of diabetes was also double in patients with 
COVID- 19 who required ICU admission compared with those who 
did not.24 Diabetes was the second most common morbidity in pa-
tients who reached a composite outcome of mechanical ventilation 
or	death	(26.9%)	only	second	to	hypertension	(35.8%).25	An	outcome	
study has shown that in patients with COVID- 19 who developed 
acute	respiratory	distress	syndrome	(ARDS),	more	patients	had	dia-
betes	(19.0%)	compared	with	those	who	did	not	(5.1%),	respectively	
(difference,	13.9%,	95%	CI	3.6%-	24.2%).26 It has also been reported 
that diabetes was the most common morbidity (22% in one study 
and	60%	in	another)	of	patients	who	died	in	hospital.27,28 Compared 
with patients with non- severe COVID- 19, diabetes was more com-
mon in severe cases although it did not reach statistical significance 
(OR	2.07,	95%	CI	0.89-	4.82).29	 In	 a	US	 retrospective	 chart	 review	
of all patients enrolled in a follow- up telemedicine outpatient clinic, 
the rate of hospitalisation for patients with diabetes was double 
(10.2%)	the	rate	of	hospitalisation	for	all	other	patients	(5.1%),	sug-
gesting that the risk of severe COVID- 19 is increased in individuals 
with diabetes. 30 Retrospective Chinese report has shown that com-
pared with non- diabetes subjects, patients with diabetes were more 
likely to develop severe COVID- 19 disease (P =	 .028)	 with	 more	
complications	including	acute	respiratory	distress	(38.1%	vs	19.5%,	
P =	 .001),	acute	cardiac	 injury	 (14.5%	vs	5.1%,	P =	 .016)	and	non-	
invasive and invasive mechanical ventilation (P =	.037).	31 Diabetes 
as well as fasting blood glucose were independent risk factors for 
COVID-	19	mortality	(HR	3.641,	95%	CI	1.086-	12.214,	P =	.036	and	
1.187,	1.078-	1.306,	P <	.001,	respectively)	after	adjustment	for	age,	
cardiovascular disease, chronic kidney disease and laboratory mark-
ers.31 The recently reported British database analysis of 17 425 445 
NHS	 registered	 adults	 showed	 that	 5683	 deaths	 were	 attributed	

Country Population Mainfindings

China 1590 patients A.	Mean	(SD)	age	48.9	(16.3)	y.
B.	25.1%	have	≥1	comorbidity.
C.	Diabetes	was	second	common	morbidity	(8.2%)	
after	hypertension	(16.9%).

Italy 1625	died	patients Analysis	of	subsample	of	355	patients:
A.	Mean	(SD)	age	79.5	y	(8.1).
B.	Mean	(SD)	number	of	comorbidities	2.7	(1.6).
C.	99.2%	of	patients	had	≥1	comorbidity.
D. Diabetes was the first common comorbidity 
(35.5%).

UK 20 133 patients A.	Median	age	73	y	(IQR	58,	82).
B. 77% had documented comorbidity.
C.	Diabetes	was	second	common	comorbidity	(21%)	
after	cardiac	disease	(31%).

USA 5700 patients A.	Median	age,	63	y	(IQR	52-	75).
B.	Median	(IQR)	Charlson	Comorbidity	Index	score	
was	4	(2-	6)	points.
C.	Diabetes	was	third	common	comorbidity	(33.8%)	
after	hypertension	(56.6%)	and	obesity	(41.7%).

Abbreviations:	SD,	standard	deviation,	IQR,	inter	quartile	range.

TABLE 1 Main international data 
reporting diabetes as comorbidity risk for 
COVID- 193,8,10,11
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TABLE 2 Main studies reporting characteristics of patients with diabetes and COVID- 1912-	18

Study Population Mainfindings

Wang	F,	et	al
Prospective observational, China.

28	patients	with	COVID-	19	and	
diabetes.

A.	Mean	(SD)	age	68.6	(9.0)	y,	75%	males.
B.17	(60.7%)	had	comorbidities:	hypertension	(53.6%),	CVD	
(14.3%),	cerebrovascular	disease	(14.3%),	chronic	pulmonary	
disease	(14.3%).
C.	Common	symptoms	were	fever	(92.9%),	dry	cough	(82.1%),	
fatigue	(64.3%),	dyspnoea	(57.1%),	anorexia	(57.1%),	diarrhoea	
(42.9%),	expectoration	(25.0%)	and	nausea	(21.4%).

C. 14 patients admitted to ICU, of whom 11 received non- invasive 
and 7 received mechanical ventilation.

D. 12 patients died in ICU, no mortality in non- ICU patients, with 
ICU	mortality	rate	86%	and	overall	mortality	rate	43%.
E.	Mean	(SD)	HbA1c	7.5%	(1.2)	in	non-	ICU	and	7.3%	(0.9)	in	ICU,	

P = .70.
F.	Mean	(SD)	RBG	13.7	(5.1)	in	ICU	vs	9.8	(3.4)	in	ICU	patients,	

P = .03.

Yan Y, et al
Retrospective observational, China.

193 patients with severe 
COVID-	19,	48	with	diabetes	
mellitus.

Patients with compared with those without diabetes were:
A.	Significantly	older,	median	(IQR)	age	70	(62-	77)	vs	64	(49-	73)	y,	

P < .001.
B.	Have	more	comorbidities	(60.4%	vs	44.8%,	P =	.06),	
hypertension	(50%	vs	33.8%,	P =	.045),	CVD	(27.1%	vs	12.4,	
P =	.016),	cerebrovascular	disease	(10.4%	vs	2.1%,	P =	.036).
C.	Have	significantly	more	ICU	admission	(66.7%	vs	41.4%,	

P =	.002).
D.	Required	more	mechanical	ventilation	(81.3%	vs	49%,	

P <	.001).
E.	Significantly	higher	mortality	(81.3%	vs	47.6%,	P <	.001).
F.	Median	(IQR)	HbA1c	7.2%	(6.7-	8.3)	vs	5.8%	(5.5-	6.1),	P < .001.

Chen Y, et al
Retrospective observational, China.

Total 904 patients with 
COVID-	19,	136	with	diabetes	
mellitus.

A.	Patients	with	were	significantly	older	than	those	without	
diabetes	(66	vs	56	y,	P <	.001),	had	more	history	of	hypertension	
(61.2%	vs	32.5%,	P <	.001)	and	higher	HbA1c	(7.3%	vs	5.9%,	
P <	.001).

B. Risk factors for higher mortality of patients with diabetes were 
older	age	(adjusted	OR	1.09,	95%	CI	1.04-	1.15)	per	year	increase	
(P =	.001)	and	elevated	CRP	(1.12,	1.0-	1.24,	P =	.043).

C. Insulin usage was associated with poor prognosis defined as 
progression	to	severe	or	critical	illness	(OR	3.58,	95%	CI	1.37-	
9.35, P =	.009)	but	not	with	mortality.
D.	ACEI	or	ARBs	use	had	no	impact	on	outcomes.

Holman N, et al
National diabetes and mortality data, 

England

265,090	people	with	type	1	and	
2,889,210	with	type	2	diabetes,	
all COVID- 19 positive.

A.	Mortality	rate	0.16%	in	type	1	and	0.32%	in	type	2	diabetes.
B.	Adjusted	mortality	HR	of	HbA1c	>	86	mmol/mol	compared	
with	HbA1c	48-	53	mmol/mol	2.19	(95%	CI	1.46-	3.29)	for	type	1	
and	1.62	(1.48-	1.79)	for	type	2	diabetes.

C. U- shaped relation between BMI and mortality, HRs for 
BMI > 40 kg/m2 compared with 25- 29.9 kg/m2 2.15 (95% 1.37- 
3.36)	and	1.46	(1.50-	1.79)	for	type	1	and	type	2	respectively.

Cariou B, et al
nationwide 53 centres, observational,
France

1317 hospitalised patients 
with COVID- 19 and diabetes, 
primary outcome mechanical 
ventilation and/or death within 
7 d of admission.

A.	Mean	(SD)	age	69.8	(13.0)	y,	64.9%	men,	median	BMI	28.4	
(25th-	75th	percentile	25.0-	32.7)	kg/m2,	type	2	diabetes	(88.5%).
B.	Microvascular	and	macrovascular	diabetic	complications	46.8%	
and	40.8%,	respectively.
C.	Primary	outcome	encountered	in	29.0%	(95%	CI	26.6-	31.5),	
mortality	10.6%	(9.0-	12.4),	18.0%	(16.0-	20.2)	discharged	on	day	
7.

D. In multivariable analyses, only BMI positively associated with 
primary	outcome	(OR	1.28,	95%	CI	1.10-	1.47).
E.	Age	(OR	2.48,	95%	CI	1.74-	3.53),	treated	obstructive	sleep	
apnoea	(2.80,	1.46-	5.38),	microvascular	(2.14,	1.16-	3.94)	
and	macrovascular	complications	(2.54,	1.44-	4.50)	were	
independently associated with mortality risk on day 7.

(Continues)
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to	COVID-	19,	and	uncontrolled	diabetes	(HbA1c	≥	7.5%)	was	inde-
pendent	risk	factor	for	mortality	 (HR	2.36,	95%	CI	2.18-	2.56).32 In 
a	systematic	review	that	included	6452	patients	with	diabetes	and	
COVID- 19, diabetes was associated with increased risk of mortal-
ity (RR 2.12, 95% CI 1.44- 3.11, P <	 .001),	 severe	COVID-	19	 (2.45,	
1.79- 3.35, P <	.001),	ARDS	(4.64,	1.86-	11.58,	P =	.001)	and	disease	
progression	 (3.31,	 1.08-	10.14,	 P =	 .04).	 Meta-	regression	 showed	
that the association with composite poor outcome was influenced 
by age (P =	 .003)	and	hypertension	(P <	 .001).	However,	the	pres-
ence of older age and hypertension attenuated the association of 
diabetes with the composite poor outcome.33 In another systematic 
review that included case reports and case series studies has con-
cluded	that	diabetes	increases	the	risk	of	poor	ARDS	prognosis,	se-
vere symptoms of COVID- 19 and mortality.34 Main studies reporting 
outcomes of patients with diabetes and COVID- 19 are summarised 
in Table 3.

6  | DISCUSSION

People with diabetes are at risk for greater susceptibility to 
COVID- 19 infection and worse outcomes. This review aimed to 
explore the prevalence of diabetes in COVID- 19 affected patients, 
whether it increases the risk of such infection, characteristics of pa-
tients	at	risk	and	their	outcomes.	(Figure	1).

6.1 | DoesdiabetesincreasetheriskofCOVID-19?

Diabetes appears to be a common comorbidity in patients with 
COVID-	19	although	a	causal	relationship	is	not	clear.	For	example,	a	
prevalence	of	diabetes	among	Chinese	cohort,	mean	age	49.6	years,	
was reported to be 10.3% which is comparable to the prevalence 
of diabetes in the general population of China at 10.9% overall and 
12.3% among people aged 40- 59 years.4,35	Similarly,	the	prevalence	

of diabetes among British COVID- 19 patients, median age 73 years, 
of	21%	was	similar	to	the	reported	prevalence	of	23.8%	among	those	
above the age of 75 years.36	 The	US	 data	 showed	 slightly	 higher	
prevalence	of	33.8%	in	COVID-	19	patients	while	the	prevalence	in	
the	general	population	of	a	similar	age	is	around	26.8%.37 Therefore, 
the variable prevalence of diabetes reported in COVID- 19 studies 
may simply reflect the local demographics across different countries. 
Diabetes may increase the risk of infection because of immunologic 
defects, such as decreased neutrophilic migration, phagocytosis, 
intracellular killing and chemotaxis; however, the evidence remains 
controversial whether diabetes itself or the associated comorbidities 
is the main factor involved.38

6.2 | Whoisatrisk?

The most common characteristics of patients with diabetes who 
are affected by COVID- 19 in addition to older age and multiple 
morbidities are uncontrolled glycaemia and obesity.15- 17 Diabetes 
and uncontrolled glycaemia have been previously reported as sig-
nificant predictors of severity and mortality in patients with viral 
pneumonias.39- 41 Infection with COVID- 19 in people with diabetes 
may increase stress that leads to increased secretion of hypergly-
caemic hormones such as glucocorticoids and adrenaline thereby 
causing hyperglycaemia and fluctuating blood glucose levels.42 The 
use of glucocorticoids in the treatment of severe COVID- 19 may 
exacerbate the hyperglycaemia and the worse outcome observed 
could be as a result of the disease severity, manifested by hyper-
glycaemia, rather than hyperglycaemia per se. However, hypergly-
caemia prior to the use of steroids was a determinant factor for 
short- term adverse outcomes. It has been shown that patients with 
admission glucose >11	mmol/L	were	more	likely	to	develop	ARDS	
(23.2%	vs	9.2%),	acute	cardiac	 injury	 (12.5%	vs	1.3%),	 to	 require	
ICU	admission	(21.4%	vs	9.2%)	and	had	a	higher	mortality	(19.6%	vs	
5.3%)	compared	with	those	with	admission	glucose	≤11	mmol/L.43 

Study Population Mainfindings

Bode B, et al
retrospective observational
US

Total	1122	patients	in	88	US	
hospitals, 451 with diabetes or 
uncontrolled hyperglycaemia.

A.	mortality	rate	28.8%	in	184	diabetes	and/or	uncontrolled	
hyperglycaemia	patients,	compared	with	6.2%	of	386	patients	
without diabetes or hyperglycaemia (P <	.001).

B. Mortality rate 41.7% in uncontrolled hyperglycaemia and 
14.8%	in	diabetes	patients,	P < .001.
C.	LOS	was	longer	in	patients	with	uncontrolled	hyperglycaemia	

or diabetes compared with those without (5.7 vs 4.3 d, P <	.001).

Conway J, et al retrospective case series, 
UKA

Total	71	patients,	16	with	
diabetes.

Patients with compared with those without diabetes had more 
prevalence	of	hypertension	(75%	vs	36.4%),	CKD	(37.5	vs	5.5),	
obesity	(56.2%	vs	21.8%).	Mean	(SD)	duration	of	diabetes	10	
(2.8)	y,	mean	(SD)	HbA1c	60.3	(15.6)	mmol/mol,	use	of	ACE	
inhibitors,	ARBs	and	NSAIDs	was	common	(37.5%,	25%	and	
18.8%	respectively).

Abbreviations:	ACEI,	Angiotensin	converting	enzyme	inhibitors;	ARBs,	Angiotensin	receptor	blockers;	BMI,	Body	mass	index;	CI,	Confidence	interval;	
CRP,	C-	reactive	protein;	CVD,	Cardiovascular	disease;	HR,	Hazard	ratio;	ICU,	Intensive	care	unit;	IQR,	Inter	quartile	range;	LOS,	Length	of	stay;	
NSAIDs	non-	steroidal	anti-	inflammatory	drugs;	OR,	Odds	ratio;	SD,	Standard	deviation.

TABLE 2  (Continued)
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TABLE 3 Main studies reporting diabetes as adverse outcome risk for COVID- 1919- 32

Study Population Mainfindings

Wang	D,	et	al
Retrospective case series
China

138	hospitalised	patients	
with COVID- 19

A.	102	(73.9%)	patients	admitted	to	isolation	wards,	and	36	
(26.1%)	admitted	to	ICU	because	of	organ	dysfunction.
B.	Patients	admitted	to	ICU	were	significantly	older,	median	(IQR)	
age	66	(57-	78)	y	vs	51	(37-	62)	y,	P <	.001),	more	likely	to	have	
hypertension	(58.3%)	vs	(21.6%),	diabetes	(22.2%)	vs	(5.9%),	CVD	
(25.0%)	vs	(10.8%)	and	cerebrovascular	disease	(16.7%)	vs	(1.0%)	
compared with those who were not in ICU.

Chinese CDC,
Cross sectional analysis.

44	672	confirmed	cases	of	
COVID- 19

A.	Total	1023	deaths	occurred,	crude	fatality	rate	2.3%.
B. Crude fatality rate of patients with no comorbidities 0.9%.
C.	Fatality	rate	of	patients	with	comorbidities	10.5%	for	CVD,	
7.3%	for	diabetes,	6.3%	for	chronic	respiratory	disease,	6.0%	for	
hypertension	and	5.6%	for	cancer.

Zhou	F,	et	al
Retrospective, multicentre,
China

191 patients hospitalised 
with COVID- 19

A.	54	(28%)	patients	died	in	hospital.
B. In univariable analysis, odds of in- hospital death was higher in 
patients	with	diabetes	(OR	2.85,	95%	CI	1.35-	6.05)	or	coronary	
heart	disease	(21.1,	4.64-	98.76).

Roncon	L,	et	al,
Data base analysis
Italy

1382	patients	hospitalised	
for COVID- 19

A.	Mean	age	51.5	y,	58%	men.
B. Patients with diabetes had a significantly higher risk for ICU 
admission	(OR	2.79,	95%	CI	1.85-	4.22,	P <	.0001)	and	mortality	
(3.21,	1.82-	5.64,	P <	.000).

Chen Y, et al
Data base analysis
China

1936	patients	with	
COVID- 19.

There were significant correlations between COVID- 19 severity 
and	hypertension	(OR	2.3,	95%	CI	1.76-	3.00,	P <	.01),	diabetes	
(67,	1.91-	3.74,	P <	.01),	coronary	heart	disease	(2.85,	1.68-	4.84,	
P <	.01).

Bo	L,	et	al
Data analysis
China

1527 patients with 
COVID- 19.

A.	Proportions	of	hypertension,	CCVD	and	diabetes	were	17.1%,	
16.4%	and	9.7%,	respectively.

B. Incidences of hypertension, CCVD and diabetes were twofold, 
threefold and twofold, respectively higher in ICU/severe cases 
compared with non- ICU/severe counterparts.

C. Diabetes accounted for 11.7% of ICU/severe cases and 4.0% of 
non-	ICU/severe	cases,	RR 2.21,	95%	CI	0.88-	5.57,	P = .09

Guan	WJ,	et	al
Retrospective
China

1099 patients with 
COVID- 19.

A.	81	(7.4%)	of	patients	had	diabetes.
B. Primary composite end point of admission to ICU, mechanical 
ventilation	or	death	occurred	in	26.9%	of	patients	with	diabetes,	
only	second	to	hypertension	(35.8%).

WU	C,	et	al
Retrospective
China

201 patients with COVID- 19. A.	41.8%	of	patients	developed	ARDS.
B.	Patients	with	compared	with	those	without	ARDS	had	

comorbidities such as hypertension (27.4% vs 13.7%, difference 
13.7%,	95%	CI	1.3%	to	26.1%)	and	diabetes	(19.0%	vs	5.1%,	
difference	13.9%,	95%	CI	3.6%	to	24.2%).

Yang X, et al
Retrospective
China

52 critically ill patients with 
COVID- 19.

A.	98%	had	chronic	illness.
B.	61.5%	died	at	28	d.
C.	Top	comorbidities	among	non-	survivors	were	diabetes	(22%)	
and	CVD	(22%).

Yuan M, et al
Retrospective
China

27 patients with COVID- 19. A.	10	patients	died	in	hospital.
B.	Patients	who	died	were	significantly	older	(median	age	68	vs	

55 y, P =	.003),	had	more	comorbidities	(80%	vs	29%,	P =	.02),	
diabetes	(60%	vs	0%,	P =	.001),	hypertension	(50%	vs	0%,	
P =	.003)	and	CVD	(30%	vs	0%,	P =	.04).

Yang J, et al
Data analysis
China

1576	patients	with	
COVID- 19.

Significant	comorbidity	differences	between	severe	and	non-	
severe	group	were	hypertension	(OR	2.36,	95%	CI	1.46-	3.83),	
respiratory	disease	(2.46,	1.76-	3.44),	CVD	(3.42,	1.88-	6.22)	but	
diabetes	was	not	statistically	significant	(2.07,	0.89-	4.82).

Shabto	JM,	et	al
Retrospective,	US

65	DM	and	COVID-	19	
patients

Telemedicine outpatient follow up showed the rate of 
hospitalisation	for	patients	with	diabetes	double	(10.2%)	that	of	
other	patients	(5.1%).

(Continues)
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Another	study	has	also	demonstrated	that	patients	with	impaired	
fasting glycaemia or diabetes had more composite end- point ad-
verse events when compared with those with normal fasting gly-
caemia	(18%,	31%	and	5%	respectively).44 Poor glycaemic control 
before hospital admission has been shown to be associated with 
increased in- hospital mortality in a British cohort of 5500 patients 
with COVID- 19. In a model analysis adjusted for sociodemographic 
factors and comorbidities has found that COVID- 19 mortality is 
higher	in	patients	with	diabetes	and	HbA1c >	86	mmol/mol	(10%)	
compared	with	those	with	HbA1c <	48	mmol/mol	(6.5%).

45 Other 
studies have shown hyperglycaemia to be associated with worst 
chest radiographic findings, higher risk of composite adverse out-
comes or mortality.46-	48 These findings suggest that hyperglycae-
mia, independent of glucocorticoid use, is a detrimental factor in 
adverse outcomes.

Also,	 the	 occurrence	 of	 hypoglycaemia	 because	 of	 variability	
of blood glucose levels may stimulate pro- inflammatory mono-
cytes and increase platelet reactivity, contributing to a higher car-
diovascular mortality in patients with diabetes.49,50	A	recent	study	
has shown that insulin infusion to tighten blood glucose control in 
patients with hyperglycaemia and hospitalised with COVID- 19 has 
a protective effect. The study demonstrated that optimal glucose 
control	 in	the	immediate	post-	admission	period	for	almost	18	days	
was associated with a significant reduction of inflammatory cyto-
kines and pro- coagulant state which may reduce the risk of disease 
progression.51 Globally, obesity has emerged as a significant risk fac-
tor for severe COVID- 19 infection.52- 54 In a small study of 49 outpa-
tients with diabetes and COVID- 19, the reported median BMI was 
33.9	with	a	range	that	reaches	as	high	as	63.9	kg/m2.30 Obesity is 
known to be associated with the severity and the longer duration 

Study Population Mainfindings

Zhang Y, et al
Retrospective
China

258	(63	with	diabetes)	
hospitalised COVID- 19 
patients.

A.	Median	age	64	y	(range	23-	91).
B. Patients with diabetes were more likely to develop severe 

disease, more complications, mechanical ventilation and death 
(11.1%	vs	4.1%).
C.	Diabetes	(aHR	3.64,	95%	CI	1.09-	12.21)	and	fasting	blood	
glucose	(1.19,	1.08-	1.31)	were	associated	with	the	fatality.

Williamson	E,	et	al
Data base analysis, UK

17,425,445	NHS	registered	
adults.

A.5683	died	of	COVID-	19.
B.	Uncontrolled	diabetes	(HbA1c	> +7.5%)	increased	risk	of	death	
(HR	2.36,	95%	CI	2.18-	2.56).

Abbreviations:	aHR,	Adjusted	hazard	ratio;	ARDS,	Acute	respiratory	distress	syndrome;	CCVD,	Cardio-	cerebrovascular	disease;	CDC,	Centre	for	
disease	control;	CI,	Confidence	interval;	CVD,	Cardiovascular	disease;	ICU,	Intensive	care	unit;	IQR,	Inter	quartile	range,	NHS,	National	Health	
Service;	OR,	Odds	ratio;	RR,	Relative	risk.

TABLE 3  (Continued)

F IGURE 1 The effect of diabetes mellitus, patient characteristics, common comorbidities and the potential therapeutic interventions on 
the outcome of COVID- 19. CVD, cardiovascular disease; HTN, hypertension
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of viral infections.55 Central obesity, which is the predominant type 
in individuals with diabetes, is particularly associated with higher 
risk resulting from the increased secretion of cytokines and chronic 
low- grade inflammation that may induce an impaired immune re-
sponse.56 Other factors may be related to the fact that obesity may 
reduce lung compliance, has maladaptive effects on ventilation and 
perfusion, mechanically impair ventilation with reduced aeration of 
the lung bases therefore leading to accumulation of secretions and 
increased risk of infection.57- 59

6.3 | Whatcausesworseoutcomes?

The evidence for the increased adverse outcomes of COVID- 19 be-
cause	of	pre-	existing	diabetes	 is	consistent.	For	example,	diabetes	
prevalence among COVID- 19- deceased Italian cohort was 35.5% 
and	only	20.3%	in	the	general	Italian	citizens	with	the	same	age	and	
gender distribution.4 One explanation is the fact that diabetes usu-
ally coexists with other cardiovascular disease especially hyperten-
sion which has been shown to be associated with worse outcomes 
in COVID- 19.5-	8 Poorly controlled diabetes is also associated with in-
creased oxidative stress and increased inflammatory cytokines such 
as	tumour	necrosis	factor	and	interleukin-	6,	as	a	result	of	increased	
insulin resistance, which may increase the risk of progression to se-
vere disease.38 In addition, endothelial dysfunction and enhanced 
platelet aggregation lead to the development of a hypercoagulable, 
pro- thrombotic state that may contribute to poor control of the virus 
replication, prolonged pro- inflammatory response and eventually 
poor outcome.21 Therefore, increased coagulation activity, chronic 
inflammation, impaired immune response and possible direct pan-
creatic	 injury	 by	 the	 SARS-	CoV-	2	 may	 be	 among	 the	 underlying	
mechanisms of the association between diabetes and COVID- 19 
infection and adverse outcomes in individuals with diabetes.60 
Diabetes may also be associated with decreased forced expiratory 
volume and forced vital capacity compromising optimal pulmonary 
function.61 Diabetes- related complications may also be a factor. 
Microangiopathic changes that occur in the respiratory tract may 
impair gas exchange and lung compliance, increasing susceptibil-
ity to lower respiratory tract infections by atypical microorganisms 
and severe pneumonias.38 Other mechanisms may be related to the 
fact that the COVID- 19 virus gains entry to pulmonary cells through 
binding	to	the	membrane	ACE2	receptor.	The	ACE	inhibitors,	ARBs	
and non- steroidal anti- inflammatory drugs that appear to increase 
ACE2	receptors	expression,	and	therefore	their	use	in	people	with	
diabetes may increase COVID- 19 infectivity and illness severity.62 
On the contrary to this, these medications may reduce the pulmo-
nary and systemic inflammatory response by decreasing cytokines 
and therefore may be beneficial.63 Therefore, it is still unclear what 
is the balance between the benefits and the risks might be in con-
tinuing	or	stopping	RAAS	inhibitors.	So	far,	no	conclusive	evidence	
exists to support the discontinuation of these agents in people 
with diabetes and COVID- 19.60 Other drugs used in the treatment 
of COVID- 19 may have a deleterious effect on blood glucose level 

regulation such as the hyperglycaemic effect of glucocorticoids and 
the hypoglycaemic effect of hydroxychloroquine although this has 
not been clearly reported in the literature.

6.4 | Anyroleoffrailty?

Frailty	has	not	been	formally	assessed	as	a	risk	factor	for	COVID-	19	
infection in people with diabetes. However, because old age and mul-
tiple comorbidities are being associated with worse outcome in a pro-
portional fashion, it is likely that frailty is a confounding unmeasured 
factor.64 Diabetes is known to increase the risk of frailty.65	Frailty	is	
a syndrome that is characterised by multisystem, including immune 
system dysregulation which leads to reduced physiologic reserve and 
increased risk of adverse health outcomes including increased suscep-
tibility	to	severe	infections.	Frailty	has	been	shown	to	be	associated	
with poor post- vaccination immune response, increased rates of in-
fluenza	such	as	illness	and	laboratory-	confirmed	influenza	infection.66 
In a prospective cohort study in a tertiary hospital investigating older 
patients	(aged	≥	65	years)	admitted	with	community	acquired	pneu-
monia,	nursing	home	residency	(a	proxy	for	frailty)	was	an	independ-
ent	predictor	of	viral	pneumonia	(relative	risk	{RR}	3.06,	P =	.01),	which	
highlights the role of frailty in institutionalised populations for the in-
creased risk of viral illness.67 In the British cohort study of patients 
with diabetes mellitus and COVID- 19, the relationship of BMI associa-
tion with the risk of COVID- 19- related mortality was U- shaped. The 
risk was greatest for those with very high BMI and the nadir of risk 
being in those with a BMI 25- 29.9 kg/m2. The authors suggested that 
the higher risks in people with lower BMI could be linked to the effect 
of confounding by factors that are associated with weight loss which 
have either not been considered in their analysis.15 Therefore, frailty 
may be an unmeasured factor for adverse outcome in people with 
diabetes and COVID- 19. Recently, in a multicentre European cohort 
study,	frailty	assessed	by	the	clinical	frailty	score	(CFS),	proportion-
ately	predicted	COVID-	19	mortality.	Compared	with	CFS	1-	2,	the	ad-
justed	hazard	ratios	for	time	from	hospital	admission	to	death	were	
1.55	(95%	CI	1.00-	2.41)	for	CFS	3-	4,	1.83	(1.15-	2.91)	for	CFS	5-	6	and	
2.39	(1.50-	3.81)	for	CFS	7-	9,	and	adjusted	odds	ratios	for	day-	7	mor-
tality	were	1.22	(95%	CI	0.63-	2.38)	for	CFS	3-	4,	1.62	(0.81-	3.26)	for	
CFS	5-	6,	and	3.12	(1.56-	6.24)	for	CFS	7-	9.68

7  | FUTUREPERSPECTIVES

The appropriate management of patients with diabetes and COVID- 19 
is not yet clear. Patients with diabetes should be declared as risk group 
for	severe	disease	and	worse	outcomes.	Future	research	may	help	de-
velop a scoring system to identify vulnerable patients who may bene-
fit from aggressive treatment or intensive support from outset to limit 
deterioration.	Although	a	specific	anti-	viral	drug	is	urgently	required,	
a multi- target agent is also required to help regulate the dysregu-
lated neuro– endocrine– immune system that is common in metabolic 
disease, including diabetes, cardiovascular disease, atherosclerosis, 
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insulin resistance, hypertension, dyslipidaemia and obesity. The role 
of hypoglycaemic medications such as dipeptidyl peptidase- 4 (DPP- 
4)	 inhibitors,	 which	 may	 act	 as	 a	 receptor	 for	 COVID-	19	 and	 the	
glucagon-	like	 peptide-	1	 receptor	 agonist	 (GLP-	1	 RA),	 that	 may	 re-
duce inflammation, will need further investigation.69,70	Similarly,	the	
role	of	RAAS	 inhibitors	with	COVID-	19	 infection	need	exploration.	
It is not yet clear why insulin users had worse prognosis compared 
with other hypoglycaemic medications.14	Whilst	 insulin	 users	 tend	
to have advanced disease with long duration of diabetes, prevalent 
complications and co- existing comorbidities to explain their worse 
outcome, further clarification is required. The role of hyperglycaemia, 
hyperinsulinaemia and hypoglycaemic agents in the pathogenesis of 
COVID- 19 and how diabetes affects the efficacy of future vaccines 
and antiviral agents currently in trials are warranted. COVID- 19- 
related	mortality	was	 reported	 to	be	higher	 in	 the	Black	and	Asian	
ethnic	groups	with	diabetes	compared	with	the	White	population.15 
Therefore, future research is needed to provide a better understand-
ing of the potential differences in genetic predispositions across pop-
ulations	and	the	underlying	pathophysiological	mechanisms.	Finally,	
novel ways to deliver care to patients with diabetes using telehealth, 
remote patient monitoring and wearable technologies are required.

8  | CONCLUSION

Diabetes appears to be a common morbidity in patients affected by 
COVID- 19; however, the evidence that it increases the risk of infec-
tion is not yet clear. On the other hand, the evidence that diabetes 
increases the risk of severe disease and risk of adverse outcomes is 
substantial. Patients with diabetes who are at risk of COVID- 19 tend 
to be obese, of older age, have uncontrolled diabetes and comorbidi-
ties,	 in	particular	cardiovascular	disease	and	hypertension.	Further	
research is still required to investigate appropriate management of 
people with diabetes and COVID- 19 and develop novel ways of man-
agement including telecare.
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