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Abstract
Purpose Our aim was to study patients with diabetes mellitus and SARS-CoV-2-infection diagnosed during the first pan-
demic wave in Greece.
Methods Cases were retrieved from the national database of SARS-CoV-2 infections.
Results We studied 2624 SARS-CoV-2 infected cases, including 157 with diabetes. Patients with diabetes more often had 
other comorbidities (68.8 vs. 24.1%; p-value < 0.001). Among patients with diabetes, 149 (94.9%) developed symptomatic 
disease (COVID-19) compared to 1817 patients (73.7%) without diabetes (p-value < 0.001). A total of 126 patients with 
diabetes and COVID-19 were hospitalized and 41 died (27.5% case-fatality rate compared to 7.5% among patients without 
diabetes; p-value < 0.001). Patients with diabetes more often were hospitalized, developed complications, were admitted 
to the intensive care unit (ICU), received invasive mechanical ventilation, and died compared to patients without diabetes 
(p-values < 0.001 to 0.002 for all comparisons). Multivariate logistic regression analyses revealed that diabetes, having other 
comorbidities, and older age were significantly associated with higher risk for hospitalization, ICU admission, invasive 
mechanical ventilation, and death, and that obesity was significantly associated with higher risk for hospitalization, ICU 
admission, and mechanical intubation, while female gender protected against these outcomes.
Conclusion COVID-19 is associated with increased rates of serious morbidity and adverse outcome in patients with diabetes 
and represents a severe illness for them.
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Introduction

In late 2019, a new betacoronavirus named severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) emerged 
and spread globally causing a pandemic of respiratory illness 
named coronavirus disease 2019 (COVID-19). According to 

the World Health Organization, as of May 25, 2021, more 
than 166 million laboratory-confirmed cases and nearly 3.5 
million deaths have been recorded globally [1]. Studies have 
shown that patients with comorbidities, including diabetes 
mellitus (hereafter referred to as diabetes), have higher 
COVID-19-associated hospitalization rates and case fatality 
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rates compared to patients without comorbidities [2–5]. As 
the pandemic evolves, it is of utmost importance to study the 
epidemiological and clinical profile of patients with severe 
COVID-19-associated morbidity and outcomes at the coun-
try level so as to guide interventions both at host level and at 
the levels of public health. In our recent study, we showed 
that increased age, male gender, presence of comorbidities, 
and number of comorbidities were significantly associated 
with severe COVID-19 or a fatal outcome [6]. Herein we 
explore the role of diabetes in patients with SARS-CoV-2 
infection during the first pandemic wave in Greece based on 
data from the national database of SARS-CoV-2 infected 
cases.

Methods

SARS-CoV-2 infection is notifiable in Greece. Case-based 
data are collected from laboratories diagnosing SARS-
CoV-2 infections through real-time reverse-transcriptase 
polymerase chain reaction (RT-PCR). In addition, physi-
cians notify laboratory-confirmed SARS-CoV-2 cases via 
the mandatory notification form. A passive comprehensive 
system for hospitalized COVID-19 cases is also in place, 
collecting data daily about admission to the intensive care 
unit (ICU), invasive mechanical ventilation, complications, 
and outcome. For every COVID-19 case admitted to the ICU 
and every COVID-19-associated death, relevant information 
is collected actively via a phone interview with the physician 
in charge. Testing for SARS-CoV-2 infection, regardless of 
symptoms, is also performed for containment purposes.

This is an observational epidemiological study. The study 
period extended from February 26, 2020, through May 3, 
2020 (first pandemic wave of SARS-CoV-2 infections in 
Greece). We retrieved data from the national database of 
SARS-CoV-2 infected cases. Data on clinical course, hos-
pitalization, and outcome of patients were updated on Sep-
tember 30, 2020. Only cases with a recorded outcome (hos-
pitalization, ICU admission, invasive mechanical ventilation, 
and death) were included in the statistical analysis. Patients 
with diabetes were contacted by telephone in order to col-
lect data about type of diabetes, insulin therapy, and level of 
glycated hemoglobin A1c (HbA1c) at the time of diagnosis 
of SARS-CoV-2 infection.

SARS-CoV-2 infection was defined as a laboratory-con-
firmed infection with SARS-CoV-2 regardless of symptoms. 
COVID-19 was defined as a case with signs and symptoms 
compatible with COVID-19 and laboratory-confirmed 
SARS-CoV-2 infection. Laboratory-confirmed SARS-CoV-2 
infection was defined as a case tested positive through RT-
PCR. Fever was defined as a temperature of ≥ 37.5 °C twice 
within 24 h. A COVID-19-associated death was defined as 
a death in a COVID-19-classified case with no period of 

complete recovery between the illness and death and in the 
absence of a clear alternative cause of death. Diabetes and 
comorbidities were defined as notified by the physicians in 
charge or were self-reported by the patients. Comorbidities 
other than diabetes include chronic cardiovascular disease, 
hypertension, chronic pulmonary disease, chronic renal dis-
ease, chronic neurological disease, chronic neuromuscular 
disease, chronic hepatic disease, malignancy, immunosup-
pression, obesity, and high-risk pregnancy.

Descriptive statistics were used. Medians and means 
were calculated to describe the distribution of continuous 
variables and frequencies, and percentages were used for 
categorical variables. Comparisons between groups were 
performed by using the chi-square test for categorical vari-
ables and the t-test for continuous variables with normal 
distribution or the Mann–Whitney U test for non-parametric 
data. P-values of 0.05 or less were considered statistically 
significant. Logistic regression analyses were conducted to 
explore the factors that predict hospitalization, admission 
to ICU, mechanical ventilation, and death by using as inde-
pendent variables the following factors: age, sex, diabetes, 
other comorbidities, and obesity. Adjusted odds ratio (OR) 
and confidence intervals (CIs) were estimated in order to 
control for confounders. We ran a missing values analysis 
and found no pattern among them, given that missing val-
ues were completely at random. The statistical analysis was 
conducted using the IBM-SPSS software version 26.0 for 
Windows, Armonk, NY, USA.

Written consent was not required given that the data were 
collected within the framework of national epidemiologi-
cal surveillance. Data were managed in accordance with the 
national and European Union laws. The study was approved 
by the Ethics Committee of the National Public Health 
Organization.

Results

During the study period, a total of 2625 cases with SARS-
CoV-2 infection were notified in Greece. One case was 
excluded because of unknown outcome. Therefore, 2624 
cases were included in the analysis. Of these, 157 cases (6%) 
had diabetes. Table 1 shows the characteristics of the 157 
patients with diabetes compared to patients without diabe-
tes. Patients with diabetes in comparison to those without 
diabetes were significantly older (mean age 68.03 years 
vs. 46.78 years; p-value < 0.001), were more often males 
(65.6 vs. 54.7%; p-value = 0.008), and more often had other 
comorbidities (68.8 vs. 24.1%; p-value < 0.001).

In terms of type of diabetes, 59 out of 72 patients (81.9%) 
with diabetes for whom this information was available had 
diabetes type 2 and 13 (18.1%) had diabetes type 1. In addi-
tion, 20 out of 70 patients (28.6%) with diabetes for whom 
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this information was available were on insulin therapy (13 
with type 1 and 7 with type 2). Patients with diabetes had 
a mean HbA1c of 6.5% (range 5.8–14.0%) at the time of 
diagnosis of SARS-CoV-2 infection. Patients with type 1 
diabetes had higher levels of HbA1c compared to patients 
with type 2 diabetes (mean value 8.4 vs. 6.3%).

Of the 157 patients with diabetes, 149 (94.9%) developed 
COVID-19 compared to 1817 patients (73.7%) without dia-
betes (p-value < 0.001). There was no significant difference 
between patients with and without diabetes with COVID-
19 in terms of the mean time interval that elapsed between 
the onset of symptoms and testing (5.39 days vs. 5.77 days; 
p-value = 0.312).

Most patients with diabetes had fever at diagnosis (136 
patients, 86.6%), followed by cough (70 patients, 44.6%), 
dyspnea (52 patients, 33.1%), weakness (38 patients, 24.2%), 
myalgias (22 patients, 14%), and diarrhea (16 patients, 
10.2%); loss of taste and/or smell was reported in eight cases 
(5.1%).

A total of 126 patients with diabetes who developed 
COVID-19 were hospitalized (84.6% of all patients with 
diabetes and COVID-19 and 80.2% of all SARS-CoV-
2-infected patients with diabetes). Overall, 75 patients with 
diabetes [out of 126 hospitalized patients (59.5%) with 
diabetes] developed at least one complication, including 
pneumonia (64 cases out of 126 hospitalized patients with 
diabetes, 50.8%), acute respiratory distress syndrome (49 
cases out of 126 hospitalized patients, 38.9%), renal failure 
(nine cases out of 126 hospitalized patients, 7.1%), cardio-
vascular complications (five cases out of 126 hospitalized 
patients, 3.9%), and multiorgan failure (two cases out of 126 
hospitalized patients, 1.8%). Forty-one of the 149 patients 

with diabetes who had COVID-19 died, which corresponds 
to a 27.5% case-fatality rate compared to 7.5% among non-
diabetic patients with COVID-19 (p-value < 0.001) and an 
overall 32.5% in-hospital COVID-19-associated case fatality 
rate in the former group. Table 2 summarizes the morbid-
ity and outcome of patients with COVID-19. Patients with 
diabetes more often were hospitalized, developed complica-
tions, were admitted to the ICU, received invasive mechani-
cal ventilation, and died compared to non-diabetic patients 
(p-values < 0.001 for all comparisons). In particular, patients 
with diabetes accounted for 7.6% of all COVID-19 cases, 
12.1% of all hospitalized cases, 18.1% of all cases admitted 
to the ICU, 18.7% of all cases on mechanical ventilation, and 
23.2% of all fatal cases. Patients with and without diabetes 
did not differ significantly in terms of duration of hospitali-
zation, duration of admission to the ICU, and duration of 
invasive mechanical ventilation (data not shown). In addi-
tion, there was no difference between patients with type 1 
and type 2 diabetes regarding rates of hospitalization, ICU 

Table 1  Characteristics of 
patients with SARS-CoV-2 
infection

* The term ‘comorbidities’ includes the following diseases and conditions other than diabetes mellitus: 
chronic cardiovascular disease, hypertension, chronic pulmonary disease, chronic renal disease, chronic 
neurological disease, chronic neuromuscular disease, chronic hepatic disease, malignancy, immunosuppres-
sion, and obesity
** with a laboratory-confirmed COVID-19 case
*** compared to immigrants
n: the number of cases for whom the respective information is available
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; COVID-19: coronavirus disease 2019; 
HCF: healthcare facility

Characteristic With diabetes
N = 157 (%)

Without diabetes
N = 2467 (%)

p-value

Mean age, years (range) (n = 2430) 68.03 (28–92) 46.78 (0–102)  < 0.001
Male gender (n = 2624) 103 (65.6) 1,349 (54.7) 0.008
Comorbidities (n = 2624)* 108 (68.8) 595 (24.1)  < 0.001
Imported case (n = 2624) 12 (7.6) 597 (24.2)  < 0.001
Close contact (n = 2390)** 79 (50.2) 1,432 (58.0) 0.042
Exposure to a HCF (n = 2302) 25 (19.4) 302 (13.9) 0.083
Greek nationality*** (n = 2116) 141 (89.8) 1,975 (80.1) 0.003
Obesity (n = 2,624) 7 (4.5) 34 (1.4) 0.003

Table 2  Morbidity and outcome of patients with COVID-19

COVID-19: coronavirus 2019 disease

Morbidity With diabetes
N = 149 (%)

Without diabetes
N = 1817 (%)

p-value

Hospitalization 126 (84.5) 916 (50.4)  < 0.001
Complications 75 (50.3) 399 (21.9)  < 0.001
Intensive care unit 39 (26.2) 176 (9.7) 0.002
Invasive mechani-

cal ventilation
39 (26.2) 169 (9.3) 0.001

Death 41 (27.5) 136 (7.5)  < 0.001
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admission, invasive mechanical ventilation, and death (data 
not shown). However, patients with type 2 diabetes had sig-
nificantly prolonged ICU stay compared to patients with type 
1 diabetes (mean of 8.03 days vs. 1 day; p-value = 0.021), 
as well as significantly prolonged intubation period (mean 
of 8.7 days compared to 1 day; p-value = 0.019). Moreover, 
compared to patients with an HbA1c value of < 7%, patients 
with an HbA1c value of ≥ 7% significantly more frequently 
were admitted to ICU and were on mechanical ventilation 
(40 vs. 17.6% for both comparisons; p-values = 0.023). 
There was no statistically significant difference between 
patients with an HbA1c value of ≥ 7% and those with a 
value of < 7% in terms of rate of hospitalization, compli-
cations, or death (data not shown). Finally, among male 
patients without comorbidities, we found that only those 
with diabetes were more frequently hospitalized (65.3 vs. 
43.2%; p-value = 0.003), were admitted to ICU (24.5 vs. 
10.7%; p-value = 0.004), were on mechanical ventilation 
(22.4 vs. 9.8%; p-value = 0.006), and/or died (10.2 vs. 3.9%; 
p-value = 0.043) compared to patients without diabetes.

Table 3 summarizes the results of the multivariate logis-
tic regression analyses. Diabetes, having at least one other 
comorbidity, and older age were significantly associated with 
an increased probability for hospitalization, ICU admission, 
invasive mechanical ventilation and death, while female 
gender consistently protected against all abovementioned 

outcomes. Finally, obesity was significantly associated 
with increased risk for hospitalization, ICU admission, and 
mechanical ventilation.

Discussion

We studied the role of diabetes in the clinical course and 
outcome of 157 patients with SARS-CoV-2 infection out of a 
total of 2624 SARS-CoV-2 infected cases in Greece. In line 
with other studies [7–12], diabetes was an independent fac-
tor for a significant COVID-19-associated morbidity burden 
and adverse outcome, including the development of compli-
cations, hospitalization, ICU admission, invasive mechanical 
ventilation, and death, an overall case fatality rate of 27.5% 
and an in-hospital case fatality rate of 32.5%. Similarly, 
in a nationwide register-based study from England, an in-
hospital COVID-19 related fatality rate of 31.4% was esti-
mated among patients with type 2 diabetes [9]. In contrast, 
a case fatality rate of 16.46% was reported in Lombardy, 
Italy, during the first pandemic wave [5]. Furthermore, a US 
cohort study of 4536 patients with SARS-CoV-2 infection 
reported a 39.7% hospitalization rate among patients with 
diabetes, which is significantly lower than the 84.5% hospi-
talization rate in our study [8]. A prospective cohort study 
conducted in a healthcare network of 137 locations in the 

Table 3  Multivariate analyses 
for factors associated with 
morbidity and death in COVID-
19 patients in Greece, February 
26, 2020 – May 3, 2020

* The term ‘comorbidities’ includes the following diseases and conditions other than diabetes mellitus: 
chronic cardiovascular disease, hypertension, chronic pulmonary disease, chronic renal disease, chronic 
neurological disease, chronic neuromuscular disease, chronic hepatic disease, malignancy, immunosuppres-
sion, and obesity
COVID-19: coronavirus disease 2019; OR: odds ratio; CIs: confidence intervals; ICU: intensive care unit

Outcome Significant factors OR (95% CIs) p-value

Hospitalization Diabetes 2.69 (1.13–6.41) 0.006
Age 1.04 (1.04–1.05)  < 0.001
At least one comorbidity* 3.12 (2.48–3.95)  < 0.001
Female gender 0.63 (0.52–0.77)  < 0.001
Obesity 2.69 (1.13–6.41)  < 0.001

Admission to ICU Diabetes 1.53 (1.01–2.35) 0.05
At least one comorbidity* 1.81 (1.26–2.60) 0.001
Female gender 0.27 (0.18–0.38) 0.001
Age 1.05 (1.04–1.05)  < 0.001
Obesity 4.68 (2.25–9.75)  < 0.001

Invasive mechanical ventila-
tion

Diabetes 1.54 (1.01–2.38) 0.05
At least one comorbidity* 1.89 (1.30–2.75) 0.001
Female gender 0.25 (0.17–0.36)  < 0.001
Age 1.05 (1.03–1.06)  < 0.001
Obesity 4.97 (2.37–10.42)  < 0.001

Death Diabetes 1.66 (1.06–2.59) 0.026
Age 1.07 (1.06–1.09)  < 0.001
At least one comorbidity* 3.43 (2.18–5.38)  < 0.001
Female gender 0.39 (0.26–0.57)  < 0.001
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US showed an overall 3.35-fold increased risk for COVID-
19-associated severity, regardless of type of diabetes [13]. 
Similarly to ours, a study that analyzed data from the UK 
Biobank Community Cohort concerning individuals older 
than 65 years found a 1.73 increased risk for hospitalization 
and a 3.11 increased risk for death among patients with type 
II diabetes compared to non-diabetic patients [7]. However, 
in a single-center study from Hubei, China, patients with 
diabetes accounted for 24.9% of 193 patients with severe 
COVID-19, which is a higher rate than ours [11]. A recent 
systemic review and meta-analysis of 18 studies (16 from 
China, one from the US, and one from Italy), with a total of 
14,558 patients with COVID-19, found that diabetes was an 
independent risk factor for severe COVID-19 by a risk ratio 
of 2.11, along with hypertension, cardiovascular disease, 
chronic obstructive pulmonary disease, and cancer [14]. A 
recently published meta-analysis by Wu et al. of nine origi-
nal studies showed that diabetes increases the mortality of 
patients with COVID-19, with a pooled OR of 1.75, which 
is similar to ours [15]. Therefore, COVID-19 should be con-
sidered as a severe illness for patients with diabetes. How-
ever, the COVID-19-associated infection-fatality rates and 
respective differences across studies should be cautiously 
interpreted bearing in mind that they represent crude rather 
than attributed fatality rates. Indeed, other coexisting factors 
that may influence the outcome of the cases were not consid-
ered, including, for example, multidrug-resistant infections. 
In addition, case fatality rates have improved as the COVID-
19 pandemic has evolved and have been lower in subsequent 
pandemic waves. For instance, the overall infection-fatality 
rate was estimated at 3.5% at the peak of the third pandemic 
wave in Greece [6].

In agreement with other studies [7, 8, 11, 14, 16], we 
noted that male gender, the presence of comorbidities in 
addition to diabetes, and older age were also significantly 
associated with higher rates of hospitalization, ICU admis-
sion, invasive mechanical ventilation, and death. In a retro-
spective observational cohort study of 3988 patients (median 
age 63 years) with COVID-19 requiring treatment in the ICU 
in Lombardy, Italy, independent risk factors associated with 
mortality included older age, male gender, high fraction of 
inspired oxygen and high positive end-expiratory pressure 
on ICU admission, chronic obstructive pulmonary disease, 
hypercholesterolemia, and type 2 diabetes (hazard ratios: 
1.75, 1.57, 1.14, 1.04, 1.68, 1.25, and 1.18, respectively) 
[16]. We found an OR of 1.66 for COVID-19-associated 
death in our patients with diabetes. In our series, approxi-
mately two-thirds of patients with diabetes had at least one 
other comorbidity. Several comorbidities encountered in our 
patients with diabetes (e.g., chronic cardiovascular disease, 
chronic renal disease, hypertension, and obesity) may inter-
relate with each other in the context of diabetes, therefore the 
impact of each of them on the clinical course and outcome 

of COVID-19 is not ease to estimate [17]. We also found 
that older age was independently associated with a poor out-
come, as reported by others [7, 8, 16], which is attributed 
to the age-related dysregulation and decline of the immune 
system in older adults (immunosenescence). In 2020, peo-
ple older than 65 years accounted for approximately 20% 
of the European population [18, 19]. The increase of life 
expectancy partially accounts for the increased COVID-
19-associated case fatality rate and the unprecedented pres-
sure on healthcare systems in several European countries 
[20]. The demographic and high-risk profile of patients with 
COVID-19 requiring hospitalization and admission to the 
ICU should be meticulously examined for the purpose of 
planning healthcare services to more adequately deal with 
the ongoing COVID-19 pandemic [21].

Diabetes and uncontrolled glycemia were reported as 
significant predictors of severity and deaths in patients 
infected with different viruses, including the 2009 influenza 
A/H1N1 pandemic, SARS-Co-V, and the Middle East res-
piratory syndrome coronavirus [22–24]. Similarly, a large 
population-based cohort study conducted in the UK in 
patients with diabetes found significantly increased COVID-
19-related mortality rates in patients with increased HbA1c 
values (> 10 vs. < 7%) in patients with type 1 diabetes and 
in patients with type 2 diabetes mellitus (HbA1c values > 7 
vs. < 7% [25]. In our study, we found that an HbAc1 value 
of ≥ 7 was associated with increased risk for admission to the 
ICU and mechanical ventilation. Moreover, several pathoge-
netic mechanisms are potentially implicated in the increased 
morbidity and mortality of patients with diabetes. These 
include a compromised immune system, which translates to 
inefficient immune response against COVID-19 (dysfunc-
tion of granulocytes, monocytes/macrophages, natural killer 
cells, B cells, and T cells), an increased systemic cytokine 
response (cytokine storm) which may predispose to organ 
damage, and abnormal angiotensin-converting enzyme 2 
(ACE2) expression (receptor of cellular entry of SARS-
CoV-2), which translates to increased risk of severe lung 
injury and uncontrolled hyperglycemia due to dysfunction of 
the pancreas [10, 26–30]. SARS-CoV-2 can also infect and 
replicate in human pancreatic islets, while a profound pro-
inflammatory response may also contribute to the injury of 
pancreatic cells [31]. Furthermore, other comorbidities that 
are common in patients with diabetes may also predispose 
to an unfavorable clinical course and outcome: for example, 
obesity is often associated with a chronic systemic inflam-
mation, insulin resistance, hypertension, coagulopathy, and 
thrombosis, which additionally contribute to clinical dete-
rioration per se [26, 27, 29, 30]. Indeed, in our study, obesity 
was an independent factor for increased risk for hospitaliza-
tion, ICU admission, and invasive mechanical ventilation. 
Similarly, an observational multi-center study of 90 criti-
cally ill patients (median age: 65.5 years) with COVID-19 
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diagnosed until April 13, 2020 in Greece found that type 
2 diabetes and obesity contributed to disease severity and 
mortality [32].

A limitation of the current study is the fact that the crite-
ria for testing for SARS-CoV-2 infection and hospitalization 
changed during the study period. Another limitation is the 
fact that detailed information on the type of diabetes and the 
need for insulin therapy during hospitalization, the type of 
antidiabetic therapy, and the duration of diabetes were not 
available for several patients with diabetes. In addition, it 
is possible that some patients may have had undiagnosed 
diabetes and were misclassified as non-diabetic. Overall, 
the number of studied patients with diabetes and COVID-
19 is rather small, which means that definitive conclusions 
should be avoided. A clear strength of our study is the anal-
ysis of 2624 SARS-CoV-2 cases that were retrieved from 
the national surveillance database. Another strength is the 
fact that the data were collected prospectively and that we 
followed the outcome of all our patients, which is not the 
case in most published series on COVID-19 patients with 
diabetes.

Conclusions

The current study offers insight into the role of diabetes in 
SARS-CoV-2 infection in Greece. Diabetes is a major driver 
of COVID-19-associated severe morbidity and mortality and 
should therefore be considered a serious illness for patients 
with diabetes. This risk is particularly pronounced among 
men, older patients, patients with other comorbidities, and 
obese patients. These findings should be taken into consid-
eration by policy makers so that they may determine what 
may be the optimal public health interventions with regard to 
health system planning and containment measures as well as 
vaccination policies against COVID-19. Further research is 
needed in order to elucidate the specific pathogenetic mecha-
nisms of disease severity and unfavorable outcome in this 
high-risk group of patients.
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