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 Abstract: Patients suffering from diabetes fall into the category of persons with a proven risk of developing a form of 
severe disease, as well as with a higher risk of mortality. For this reason, the infection with the new coronavirus (COVID-19) 
- which implies a wide range of clinical manifestations, from asymptomatic to fatal cases - is an important problem for these 
patients. Through this article we aimed to briefly present the general characteristics and evolution of SARS-CoV-2 infection 
in patients with diabetes in a group of patients with these characteristics, hospitalized in the Infectious Diseases Hospital of 
Iasi. We have addressed the potential mechanisms that may increase the susceptibility of diabetic patients to COVID-19. The 
obesity, cardiovascular, lung and chronic kidney disease, but also the serum levels of C-reactive protein, dDimers, creatinine 
and glucose, are valuable predictors of the severity and evolution of SARS-CoV-2 infection.
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INTRODUCTION

 The new coronavirus, first identified in 
December 2019 in an outbreak of pneumonia in Wuhan, 
China, can cause clinical manifestations ranging 
from a common cold, gastrointestinal disturbances, 
to more severe and even fatal respiratory illnesses, 
such as severe acute respiratory syndrome (SARS) 
[1,2]. The experience of about a year of COVID-19 
pandemic reveals that this disease has an increased 
incidence in people with hypertension, obesity, 
diabetes, cardiovascular diseases and chronic liver 
dysfunction [3,4]. Metabolic syndrome, characterized 
by insulin resistance, dyslipidemia, central obesity and 
hypertension, is the common pathological condition 
that considerably increases patients’ susceptibility to 
COVID-19 contamination.
 Clinical data show that diabetes is a negative 
prognostic factor for SARS-CoV-2 infection, being 
associated with severe evolution of the disease and 

responsible for a large number of deaths [5]. In 
addition, a great proportion of COVID-19 patients 
found significant increases in blood glucose levels, 
more important in the elderly, and especially in those 
with diabetes [6,7]. Diabetic people are considered to 
be an extremely vulnerable group, in which the disease 
is severe, with unpredictable evolution, predisposed to 
septic pathology and often to lethal complications [8].
 These findings may be attributed, on the one 
hand, to the fact that, this metabolic disorder is more 
common in the elderly persons, most of them having 
cardiovascular comorbidities.
 Among the elements suggesting that the 
diabetic patients have more severe forms of coronavirus 
infection are mentioned: chronic metabolic 
disturbances, low immunity, the existence, prior to 
viral damage, of a chronic pro-inflammatory status, 
and pulmonary bacterial superinfection [9,10]. Patients 
with poor glycemic control and other complications of 
diabetes are at increased risk of viral contamination 
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and the development of severe symptoms [11]. It is 
also known that diabetes mellitus and cardiovascular 
diseases are conditions that lead to chronic renal 
dysfunction, a condition that further aggravates the 
general status of the COVID-19 patient [12,13].
 Due to multiple organic damage, in such high-
risk category patients, the intensive care procedures and 
multiple drug combinations are often required, which 
prolong the duration of hospitalization and increase the 
costs of medical treatment [14].
 Given the particular aspects of the SARS-
CoV-2 diabetic patient evolution, the treatment of the 
underlying disease, should be performed with great 
caution, as many of the antihyperglycemic agents 
may considerable influence the clinical evolution of 
coronavirus infection [9,15].
 We aimed to perform an epidemiologic, clinical 
and laboratory investigation in patients with diabetes 
mellitus and COVID-19 infection.

MATERIAL AND METHOD

 In the actual pandemic, this study was 
conducted via a retrospective analysis of 77 medical 
files of patients with type 2 diabetes and COVID-19 
hospitalized in the Iasi Infectious Diseases Hospital 
during the period April-July 2020. Inclusion criteria 
were: patients with type 2 diabetes and SARS-CoV-2 
infection. Patients who met the inclusion criteria but 
died during hospitalization have not been considered.
Due to the safety conditions and restrictions imposed by 
the pandemic progression, as well as the unpredictable 
clinical evolution of patients with SARS-CoV-2, the 
number of subjects included in the study was relatively 
small, which is why we resorted to multivariate analysis 
approaches and additional multiple regression method, 
to obtain the statistical significance of the collected 
data.
 The study protocol was approved and 
implemented according to the recommendations of 
the Hospital`s Ethic Committee in accordance with the 
international guidelines regarding the clinical research.

 Statistical methods
 The data were systematized and centralized 
in an SPSS 18.0 database and were processed with the 
statistical functions for which they are suitable. 95% 
confidence intervals were used in the presentation of 
the data.
 For the descriptive statistical analysis, the 
ANOVA test was used, which highlighted the following 

parameters: primary indicators (minimum, maximum, 
frequency), indicators of the average value (simple, 
median arithmetic mean), dispersion indicators 
(standard deviation, standard error, average confidence 
interval). Moreover, the Skewness test (-2 <p <2) 
validates the normality of the series of values being used 
when the examined variable has continuous values.
 Qualitative significance tests, have been also 
used:
 - χ2 test - nonparametric test comparing 2 or 
more frequency distributions - is applied when the 
expected events are excluded;
 - Kruskall-Wallis, nonparametric test that 
compares intergroup 3 or more frequency distributions 
among groups;
 - The study of the correlation between different 
phenomena was made with the help of the Pearson 
correlation coefficient, which shows the intensity 
of statistical links and their meaning. The values of 
the correlation coefficient are between (-1, +1): if 
the correlation coefficient tends towards +1, there 
is a very high linear dependence of the phenomena: 
direct correlation; if the correlation coefficient tends 
towards –1, there is also a very high dependence of 
the phenomena: indirect correlation; the closer the 
correlation coefficient is to 0, the lower the intensity of 
the connection.
 The statistical analysis of data was supplemented 
by the use of two different quantitative significance 
tests. t-Student test takes into account the measurement 
of variability and the weight of observations; based on 
the mean and standard deviation for each analyzed data 
batch. A t value is calculated, depending on the number 
of degrees of freedom (df). If the calculated value is 
higher than the tabular one then the null hypothesis 
is rejected and the difference is declared “statistically 
significant”; while, the lower the value of p, the stronger 
the significance. F test is an extension of the t-Student 
test applied to averages for 2 or more data batches 
giving the possibility for calculation of mean difference 
and intragroup standard deviation. After applying the 
ANOVA test, a Bonferroni correction (as post-hoc test) 
was performed, in order to reduce the error rate when 
testing multiple hypotheses.
 Multivariate analysis highlights the relationship 
between a dependent variable (endogenous, resultant) 
and a set of independent variables (explanatory, 
factorial, exogenous, predictive). The multiple 
regression method is generalized via the “general linear 
model” theory, in which several dependent variables 
are allowed simultaneously, as well as factorial variables 

P<0.05 is considered as significant
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that are not linearly independent. The ROC (Receiver 
Operating Characteristics) curve is a two-dimensional 
curve in which we have sensitivity on the Y axis and 
specificity on the X axis. This curve helps us measure 
the efficiency of a model (the link between prediction 
and response). The larger the area under the curve (the 
maximum is 1), the better the model.

RESULTS AND DISCUSSION

 Out of the 77 patients that constituted our study 
cohort, 12 patients developed severe infection (17.3 days 
- average hospital stay), 34 patients - moderate infection 
(15.8 days - average hospitalization), 28 patients - mild 
infection, and 3 patients were asymptomatic (12 days - 
average hospitalization) (Fig. 1).
 The number of hospitalization days varied 
from 4 to 36, the average in the study group being 14.48 
± 6.55 days, significantly higher in patients with severe 
infection (17.33 ± 5.42 days) compared to the average 
level recorded in patients with mild infection (11.93 
± 5.12 days) or in asymptomatic patients (12.0 ± 4.36 
days) (p = 0.036).
 In the study group, the average duration of the 
diabetic disease evolution was 11 years.
 The duration of type 2 diabetes has the following 
characteristics (Figs 2 and 3): variations in the range of 
0-25 years, average of 11.16 ± 5.75 years, median value 
(11 years) close to the average value, and the result of 
the Skewness test < 2 suggests that the series of values 
of duration was homogeneous, so tests of statistical 
significance can be applied.
 Patients with mild SARS-CoV-2 infection 
featured the lowest average duration of diabetes of 7.33 
± 3.22 years, while patients with severe infection (15.40 
± 4.83 days) had the highest average duration, of 12.83 
± 6.89 years, but the difference was not statistically 
significant (p = 0.431) (Fig. 3).
 The patients in the studied group had an 
average age of 63 years, with 60 years in male patients 
and 65 in female patients. The age of the patients has 
the following characteristics (Fig. 4): it ranged from 41 
to 92 years old; the average was 63.05 years old ± 11.07 
years; the median value (64 years) was relatively close to 
the mean value, and the result of the Skewness test < 2 
suggests that the series of age values was homogeneous, 
so tests of statistical significance can be applied.
 The correlation of the number of hospitalization 
days with age according to the severity of the SARS-
CoV-2 infection pointed out the following aspects (Fig. 
5):

Figure 1. Cohort structure according to the severity of SARS-
CoV-2 infection.

Figure 3. Average duration of diabetes depending on the severity of 
SARS-CoV-2 infection.

Figure 4. Cohort structure according to age groups.

Figure 2. Histogram of the duration of type 2 diabetes.
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 - approximately 20% of patients with mild 
SARS-CoV-2 infection had a higher number of 
hospitalization days at younger ages (r = -0.199; Linear 
R Sq = 0.04; p = 0.310), but the result was not statistically 
significant;
 - in patients with moderate SARS-CoV-2 
infection, the number of hospitalization days and age 

were apparently independent parameters (r = +0.094; R 
Linear Sq = 0.009; p = 0.598);
 - over 32% of patients with severe SARS-CoV-2 
infection had a higher number of hospitalization days 
at younger ages (r = -0.321; Linear R Sq = 0.103; p = 
0.05), a result that can be extrapolated to the general 
population.
 The average number of hospitalization days 
was 14, with 15 days for male patients and 14 days for 
female patients.
 The number of hospitalization days has the 
following characteristics (Fig. 6): it ranged from 4 to 
36 days; the average number was 14.48 days ± 6.55; the 
median value (14 days) was close to the average value, 
and the average age did not differ significantly according 
to gender (14.94 vs. 14.10 years; p = 0.575). The result of 
the Skewness test < 2 suggests that the series of values of 
the number of hospitalization days was homogeneous, 
so tests of statistical significance can be applied.
 Depending on the severity of SARS-CoV-2 
infection the collected date revealed that 3 patients were 
asymptomatic, 28 patients manifested mild infection, 
34 patients moderate infection, respectively 12 patients 
severe infection.
 In asymptomatic persons, female predominate 
(66.7%), while in patients with severe SARS-CoV-2 
infection 58.3% were male, with not statistically 
significant (p = 0.502) differences compared with 
females (Fig. 7).
 In males, the number of hospitalization days 
varied from 5 to 36, the group average being 14.94 ± 
6.17 days, significantly higher in patients with severe 
infection (18.71 ± 5.74 days) compared to the average 
level recorded in patients with mild infection (11.70 ± 
3.68 days) (p = 0.05) (Fig. 8).
 In females, the number of hospitalization days 
varied from 4 to 30, the group average being 14.10 
± 6.89 days, slightly higher in patients with severe 

Figure 1. Light microscopic micrograph of testis in control group.

Figure 5. Correlation of the number of hospitalization days with age 
depending on the severity of the SARS-CoV-2 infection.

Figure 6. Average number of hospitalization days according to 
gender.

Figure 7. Cohort structure according to gender depending on the 
severity of SARS-CoV-2 infection.

Figure 8. Average number of hospital days by sex depending on 
severity of SARS-CoV-2 infection.
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infection (15.40 ± 4.83 days) or average infection 
(15.82 ± 8.42 days) compared to the mean value 
recorded in patients with mild infection (12.06 ± 5.87 
days) (p = 0.431) (Fig. 8).
 Patients with cardiovascular disease of varying 
degrees of severity: 60 patients (average age 65.6 years) 
27 male patients (average age 62.5 years) / 33 female 
patients (average age 67.9 years) - the average duration 
of diabetes - 13.1 years.
 Patients with chronic kidney disease: 31 
patients (average age 68.9 years): 12 male patients 
(average age 64.4 years) and 19 female patients (average 
age 71.7 years); duration of diabetic disease -14 years.
 Patients with pulmonary disease: 33 patients 
(average age 65 years): 18 male patients (average age 
60 years), 15 female patients (average age 70 years); 
19 patients (57.57%) needed oxygen therapy, diabetic 
disease duration - 12.6 years; All patients had suggestive 
radiological images; 8 patients required treatment with 
tocilizumab; 4 were treated with insulin and the rest 
with OAD. All patients with pulmonary disease also 
associated obesity.
 Obese patients: 74 patients (only 3 patients out 
of 77 had normal weight). Depending on the degree of 
obesity: 42 patients had grade I obesity; 21 – grade II; 
11 – grade III, 3 had normal weight, all asymptomatic 
patients had associated obesity; non-obese patients 
had some cardiovascular disease.
 A number of 16 patients featured all 4 
comorbidities present (9 women and 7 men - average 
age 69.62 years old), and had a duration of diabetes of 
15.9 years.
 Approximately 92% of patients with severe 
SARS-CoV-2 infection have a history of cardiovascular 
disease, while among asymptomatic patients, the 
percentage that associated this comorbidity is 33.3% (p 
= 0.210) (Fig. 9). The results of our investigation are 
in accordance with the communicated data suggesting 
that the presence of chronic complications associated 
with diabetes such as cardiovascular disease, obesity 
or chronic kidney disease can contribute to the 
development of complications and dramatically 
modify the general status of patient infected with 
coronavirus [16,17]. The mechanisms by which 
diabetes poses an increased risk for severe forms of the 
SARS-CoV-2 infection are dependent, as in the case of 
other infectious diseases, on the presence of persistent 
hyperglycemia, a marked pro-inflammatory and pro-
oxidative status [18].
 Of the 12 patients with severe infection, 10 
were treated with OAD and 2 with insulin, with an 

Figure 9. Cardiovascular disease correlated with the severity of 
SARS-CoV-2 infection.

Figure 12. Obesity correlated with the severity of SARS-CoV-2 
infection.

Figure 10. Chronic kidney disease correlated with the severity of 
SARS-CoV-2 infection.

Figure 11. Pulmonary disease correlated with the severity of SARS-
CoV-2 infection.
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average of 17 hospitalization days and an average age 
of 13 years since they had been diagnosed with type 
II diabetes. All presented with a pulmonary images 
suggestive of SARS-CoV-2 infection, all required 
oxygen therapy, and 9 of them received biological 
medication (Tocilizumab); 7 of them had a history 
of cardiovascular, renal and pulmonary disease, and 
obesity. Diabetes significantly influence the immune 
and cardiovascular system, being associated with 
various platelet and coagulation disorders, especially 
in patients without good control of the disease. All 
of these makes the organism vulnerable to the SARS-
Cov-2 virus. Our findings were concordant with the 
results obtained by other investigators revealing that 
the presence of comorbidities (hypertension, obesity, 
ischemic heart disease) and specific complications of 
this metabolic disease (increased risk of cardiovascular 
events - myocardial infarction, stroke, kidney failure, 
lower limb arteriopathy) can negatively influence the 
evolution of the viral infection [19,20].
 58.3% of patients with severe SARS-CoV-2 
infection have a history of chronic kidney disease, 
while only 21.4% of patients with mild infection 
associated this comorbidity (p = 0.05) (Fig. 10).
 None of the asymptomatic patients associated 
lung disease, while 91.7% of patients with severe SARS-
CoV-2 infection associated this comorbidity (Fig. 11).
 In the cases studied, 33.3% of asymptomatic 
patients had grade III obesity, while 75% of patients 
with severe SARS-CoV-2 infection had grade I obesity 
(p = 0.796) (Fig. 12).
 The multivariate analysis showed that 25.3% 
of the severity of SARS-CoV-2 infection is explained 
by the presence of a history of cardiovascular disease, 
chronic kidney disease and lung disease (model 3: R 
square = 0.253; p = 0.001), the regression line being: y 
= 3.316 - 0.063 Cardio-vascular disease - 0.312 chronic 
kidney disease - 0.653 pulmonary disease - 30.3% of 
the severity of SARS-CoV-2 infection is explained by 
the presence of a history of cardiovascular disease, 
chronic kidney disease, pulmonary disease and obesity 
(model 4: R square = 0.303; p = 0.026), the regression 
line being: y = 3.668 + 0.037 cardio-vascular disease 
- 0.356 chronic kidney disease - 0.692 pulmonary 
disease - 0.226 obesity.
 The average C-reactive protein (CRP) level 
was significantly higher in patients with severe SARS-
CoV-2 infection compared with asymptomatic patients 
(84.30 vs. 8.83 mg/dL; p = 0.005).
 The average level of dDimers was significantly 
higher in patients with severe SARS-CoV-2 infection 

compared with asymptomatic patients (473.42 vs. 
141.67 µg/mL; p = 0.031).
 The mean fibrinogen level did not differ 
significantly depending on the severity of SARS-CoV-2 
infection (p = 0.620).
 The underlying mechanisms are not completely 
understood and depend on the type of infection, 
but there are some hypothetic explanations, linked 
to chronic hyperglycemia, which may increase the 
virulence of microorganisms [5]. It was also reported 
that phagocytosis and chemotaxis are impaired [21], 
the production of interleukins in response to infection 
is reduced, as well as the response of T cells and 
neutrophils. Overall, the immune response, which is 
vital to fight against COVID-19 infection, is impaired, 
especially in diabetic patients with poor blood glucose 
control [22].
 Several studies have shown that patients with 
uncontrolled type 2 diabetes have a significant decrease 
in forced vital capacity (FVC) and forced expiratory 
volume in one second (FEV1) [23], which may also 
increase susceptibility to respiratory infections, 
possibly representing another factor in the myriad of 
events that might increase the vulnerability of diabetic 
patients towards COVID-19.
 In conclusion, it is relevant to correlate the 
severity of SARS-CoV-2 infection with the age of 
diabetes, being revealed that, the patients with diabetes 
over 15 years, have developed severe forms of infection.
We can conclude that the obesity, cardiovascular, lung 
and chronic kidney disease, but also the serum levels 
of C-reactive protein, dDimers, creatinine and glucose, 
are valuable predictors of the severity and evolution of 
SARS-CoV-2 infection.
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