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Abstract

A dangerous combination of two diseases that have reached pandemic proportions, COVID-19 and type 2 diabetes, have
unique features of the comorbid course. Intense inflammation, hypercoagulation, dysglycemia, and immune and renal dys-
function are underlying processes in the pathogenesis of the combination of these diseases. Our study aimed to compare
groups of hospitalized patients with moderate to severe coronavirus disease with and without diabetes, paying particular at-
tention to renal function and examining the relationships between markers of renal dysfunction, inflammation, and throm-
bosis in these patient groups. In total, 79 patients aged 24 to 73 with moderate to severe coronavirus disease were exam-
ined. Patients were divided into 2 groups: 1* — without diabetes; 2*¢ — with diabetes. The clinical picture, laboratory results
(additionally determined cystatin C level) and instrumental studies were compared. Correlation analysis was conducted in
groups. The group of patients with type 2 diabetes mellitus had significantly lower oxygen saturation upon admission to
the hospital. A significantly higher concentration of glucose in blood serum (11.3 (8.1; 16.5) mmol/l 5.2 (4.4; 6.6) mmol/l,
P<0.01) and alower creatinine level (106.0 (87.3;123.0) mcmol/lvs. 129.5 (104.8; 167.3) mcmol/l, P<0.05) were observed in the
2™ group while there were no differences in urea and cystatin C levels. By means of correlation matrices, it was established
that inflammation, hypercoagulation, dysglycemia, and impaired kidney function are underlying causes of the coronavirus
disease pathogenesis in group 1 of patients. At the same time, inflammation and hypercoagulation are the causes in the group
of patients with a combined course of type 2 diabetes mellitus. Although the combined course of coronavirus disease and
type 2 diabetes mellitus is prognostically more severe, we found a significantly lower creatinine level in the group of patients
with type 2 diabetes.
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Introduction

COVID-19 has a wide spectrum of manifestations,
from asymptomatic infection to critical pneumonia
with acute respiratory distress syndrome (ARDS) [1].
Thus, multiple organ dysfunction and mortality are
very high, especially in adults with comorbidities [2,
3]. A cytokine storm can make the situation with COV-
ID-19dangerous due to an overactive inflammation and
immune response [4]. In addition to impairing respira-
tory function and the immune system, COVID-19 can
affect kidney function, ranging from increased levels

of urea or creatinine in the blood to acute kidney injury
and kidney failure [5].

Currently, the data of many studies have already
been published, which allows a better understanding
of the impact of two serious diseases that have reached
the scale of a pandemic - COVID-19 and type 2 diabe-
tes mellitus (T2DM). Complications of diabetes and
comorbid conditions - diabetic nephropathy, obesity,
coronary heart disease, hypertension - further worsen
the situation for individuals with T2DM by increasing
the severity of the course of COVID-19 [6]. Results were
also obtained that evaluated the relationships between
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chronic cardiovascular disease, prognosis, and death
associated with COVID-19 [7]. There are very few simi-
lar studies studying the effects of kidney diseases.

Patients with T2DM and cardiovascular disease,
as well as the elderly and overweight individuals, are
extremely vulnerable to COVID-19. As a result of the
combination of these conditions, one patient can be-
long to several high-risk groups at once. At the same
time, T2DM is not a factor that increases the risk of in-
fection with COVID-19. According to a meta-analysis of
seven studies involving 1.576 patients with COVID-19,
patients with diabetes required hospitalization six
times more frequently than individuals without dia-
betes. Moreover, mortality in patients suffering from
COVID-19 with comorbidities was 12 times higher than
in individuals without comorbidities [8].

According to CORONADO, a multicenter observa-
tional study of phenotypic characteristics and prog-
nosis of hospitalized patients with COVID-19 and DM,
every fifth patient with DM required treatment in the
intensive care unit (ICU), and mechanical ventilation
(MV), and every 10 person with T2DM and COVID-19
died [9].

The use of biomarkers in diagnosis, risk assess-
ment, and medical decision-making is common. Mor-
tality was associated with the markers of organ failure,
coagulopathy, and inflammation in hospitalized pa-
tients with COVID-19 [10, 11]. Identifying patients with
unfavorable outcomes may aid in early intensification
of therapy and more careful monitoring. In addition,
research on new biomarkers may provide a better un-
derstanding of the pathogenesis of COVID-19 and its
consequences.

Currently, cystatin C is actively studied as a mark-
er of renal dysfunction. It is synthesized by almost all
nuclear cells, is freely filtered through the glomerular
membrane due to its low molecular weight, and is com-
pletely catabolized by proximal tubular cells. Thus, it is
impossible to return it to circulation, ensuring a stable
blood serum level. It has been proven that the level of
cystatin C is not affected by such factors as age, gender,
muscle mass, nutritional characteristics, physical ac-
tivity, and race. These properties allow it to be consid-
ered a more sensitive early renal dysfunction biomark-
er than classical creatinine and urea [12].

Besides, new studies have convincingly shown
that cystatin C is involved in immunomodulatory re-
actions observed during inflammatory processes and
infections. It is able to control the release of a variety
of cytokines, including nitric oxide, interleukin-12,
interleukin-10, and tumor necrosis factor, under the
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influence of which intracellular components undergo
irreversible changes, resulting in cell apoptosis and or-
gan failure [13].

While elevated cystatin C levels in the blood of
patients with COVID-19 likely indicate impaired re-
nal function, they may also indicate other abnormal
processes, namely systemic inflammation, oxidative
stress, and cytokine storm [14].

The aim of our study was to compare groups of hos-
pitalized patients with moderate to severe coronavirus
disease with and without diabetes, a particular focus
being on renal function, and to examine the relation-
ships between markers of renal dysfunction, inflam-
mation, and thrombosis in these patient groups.

Material and methods

The clinical trial was conducted in accordance
with the Declaration of Helsinki, The Convention for
the Protection of Human Rights and Biomedicine,
Legislation of Ukraine and agreed by the Commission
on Ethics of Research, experimental development
and scientific works of Danylo Halytsky Lviv National
Medical University: No. 10 of December 20, 2021. All
patients signed an informed consent before the study.

Thus, 79 patients with moderate and severe coro-
navirus disease who were undergoing inpatient treat-
ment at the Clinical Municipal Communal Emergency
Hospital in Lviv were examined. The degree of severity
was established according to the criteria correspond-
ing to the protocol “Providing medical assistance for
the treatment of coronavirus disease (COVID-19)”, ap-
proved by the order ofthe Ministry of Health of Ukraine
dated 02.04.2022 No. 762. The patients ranged from 24
to 73 years, including 47 males and 32 females. Patients
were divided into 2 groups: the 1t - without diabetes
and the 2" - with diabetes. Type 2 diabetes is diagnosed
according to the recommendations of the American Di-
abetes Association (ADA) and the European Association
for the Study of Diabetes (EASD). Patients were treat-
ed following the protocol and recommendations men-
tioned above. On admission, the anamnesis of the dis-
ease and life was investigated in detail; general clinical
examinations, saturation measurements, imaging and
laboratory studies were performed. Exclusion criteria
were CKD 3-5 stages, decompensated heart failure, liv-
er failure, oncology, and pregnancy.

Laboratory, anthropometric and clinical data
collection. The diagnosis of coronavirus disease was
verified with a polymerase chain reaction, and lung
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damage was confirmed with the help of radiological
methods (polypositional radiography or computer to-
mography of the thoracic organs). Hematological and
biochemical blood tests and coagulograms were per-
formed using generally accepted methods. Cystatin C
was determined using a biochemical method with the
SPINREACT test system (Spain). D-dimer was deter-
mined using the chemiluminescence Immunoassay
analyzer “Immulite 2000” (Siemens, Germany) using
the appropriate reagent (Immulite 2000 D-dimer, USA).

Statistical analysis

The results were presented as means with a statisti-
calerror. The valueswith normal distribution are given
as confidence interval (95%), and the values where dis-

tribution largely deviated from the norm are presented
as intervals of 25% and 75% percentiles. A comparison
of groups was performed using the Mann - Whitney
U-test. Spearman’s rank correlation measures were
used to denote the associations between variables. Cat-
egorical data were presented as proportions and ana-
lyzed using the Chi-square test. The results were con-
sidered statistically reliable at p<0.05.

Results

On admission, patients, regardless of the presence
of T2DM, complained of breathlessness, cough, fever,
chest pain, hemoptysis, sore throat, nasal congestion,
and loss of smell. Some of the patients had gastroen-

Table 1: Basic characteristics and symptoms in patients with coronavirus disease without diabetes mellitus

(1t group) and patients with diabetes mellitus (2" group).

Istgroup, n=36

Male, % 25 (69.4%)
Age, years 65.5 (55.0; 71.0)2
BMI, kg/m? 26.9 (21.6; 33.8)2
Sp0,,% 91.0 (90.0; 93.3)2
SBP, mm Hg 141.6 (135.1;148.2)"
DBP, mm Hg 88.7(83.2;90.2)!
HR, bpm 90.0 (81.5;98.0)2
Dyspnea 28 (77.8%)
Cough 27 (75.0%)
Fever 35(97.2%)
Hypertension 21 (58.3%)
Chest pain 21 (58.3%)
Hemoptysis 5(13.9%)
Nausea/vomiting 6 (16.7%)
Diarrhea 2(5.6%)
Myalgia/arthralgia 19 (52.8%)
Anosmia 17 (47.2%)
Nazal congestion 8(22.2%)
Sore throat 18 (50.0%)
Lymphadenopathy 3(8.3%)
Rash 1(2.8%)
Fatigue 32(88.9%)

2" group, n=43 P-value

22 (51.2%) 0.09
61.8 (58.6; 62.1)* 0.45
31.5(29.0; 33.9)! 0.07
90.0 (86.3; 92.0)2 <0.05
143.5(138.5; 148.4)! 0.34
86.9 (84.3; 89.5)! 0.66
91.3 (88.3;94.2)! 0.71
39(90.7%) 0.11

34 (79.1%) 0.67

42 (97.7%) 0.89
31(72.1%) 0.19

32 (74.4%) 0.13

7 (16.3%) 0.77

6 (14.0%) 0.73
4(9.3%) 0.53

24 (55.8%) 0.78

14 (32.6%) 0.18

11 (25.6%) 0.72

21 (48.8%) 0.62
4(9.3%) 0.89

2 (4.7%) 0.89

39 (90.7%) 0.79

Note: ' - values with normal distribution, M (M-CI; M+CI); ? - values, where distribution significantly differs from

normal, Me (25%; 75%).
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terological manifestations of the coronavirus disease,
namely nausea, vomiting, and diarrhea. Other symp-
toms were also observed: muscle and joint pain, lym-
phadenopathy, rash, severe fatigue and weakness. The
group of patients with T2DM had significantly low-
er oxygen saturation upon admission to the hospital
(Table1).

Despite the fact that all patients presented with
different blood patterns, no significant difference was
found between the groups. The levels of liver param-
eters and pro-inflammatory markers, such as CRP,
fibrinogen, and D-dimer, did not differ either. As ex-
pected, a significantly higher concentration of glucose
in blood serum was observed in the 2™ group (11.3 (8.1;
16.5) mmol/15.2 (4.4; 6.6) mmol/1, P<0.01).

It is noteworthy that the creatinine level was sig-
nificantly lower in the group of patients with T2DM
(106.0 (87.3; 123.0) memol/1 vs. 129.5 (104.8; 167.3) mc-
mol/1, P<0.05), while no difference was observed in the
levels of urea and cystatin C (Table 2).

Further, we conducted a correlation analysis to
find out the relationships between the critical indica-
tors by which the patient’s condition was assessed. As
can be seen from Figure 1 in the group of patients with
COVID-19 without T2DM, there are many direct rela-
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tionships between the level of glucose and leukocytes
with other indicators, while the coagulation compo-
nent of the inflammatory process is involved only in-
directly through D-dimer. The levels of renal markers
had strong correlations between themselves and the
level of leukocytes, which may indicate the influence of
inflammatory activity on kidney function and the im-
munomodulatory effect of cystatin C. According to the
data of the correlation matrix in group 1 of patients, the
pathogenesis of COVID-19 is based on inflammation,
hypercoagulation, dysglycemia and impairment of kid-
ney function (Figure1).

In the group of patients with T2DM, associations
of D-dimer with SRP, saturation level, leukocytes,
glucose and creatinine are observed. There is also a
reliable inverse relationship between the level of plate-
lets and leukocytes, between the level of platelets and
oxygen saturation, and a direct relationship with the
concentration of fibrinogen. These close connections
prove the involvement of the coagulation component
in the process.

When analyzing the correlation matrix in the 2
group of patients, it becomes clear that the pathogenesis
of the combined course of COVID-19 and T2DM is based
on inflammation and hypercoagulation (Figure 2).

Table 2: Hematological and biochemical markers in patients with coronavirus disease without diabetes mellitus

(1t group) and patients with diabetes mellitus (2" group).

Istgroup, n=36

RBC, 10*12/1 4.7 (4.5;5.0)2
WBC, 10*9/1 9.4(7.2;13.4)>
Platelets, 10*9/1 190.0(157.0; 241.0)2
Haemoglobin, g/1 138.0(130.8;154.0)
ESR, mm/h 29.7 (23.3; 36.1)!
Glucose, mmol/1 5.2 (4.4;6.6)2
ALT, U/1 38.0(20.9; 62.3)2
AST, U/1 29.3 (24.7; 46.5)

Bilirubin, memol/1

Creatinine, mcmol/1

Urea, mmol/1
Cystatine, mg/1
CRP, mg/1
Fibrinogen, g/1

D-dimer, ng/ml

10.3 (7.0;14.3)>
129.5 (104.8; 167.3)>
9.4(7.4;14.9)°
1.36 (0.89; 2.38)>
42.0 (26.3; 97.5)°
5.5(4.7;6.2)"
788.0 (310.7;2025.7)*

2" group, n=43 P-value
4.9 (4.7;5.1)! 0.16
8.3(5.5;11.7)2 0.16
218.1(192.5; 243.6)! 0.56
141.5 (136.4; 146.5)* 0.86
31.9(27.4; 36.4)" 0.46
11.3(8.1;16.5)® <0.01
26.3 (12.6; 42.5)2 0.07
28.6(20.3; 38.7)2 0.19
10.5(8.3;14.0)2 0.69
106.0 (87.3;123.0)2 <0.05
8.1(5.8;10.7)? 0.07
1.15(0.73; 1.60)2 0.45
48.0(26.0; 95.5)? 0.52
5.5(4.9;5.9)! 0.82
846.9 (306.5;1615.7) 2 0.87

Note: ! - values with normal distribution, M (M-CI; M+CI); 2 - values, where distribution significantly differs from

normal, Me (25%; 75%).
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r=0.65

Figure 1: Correlations between saturation, hematological and biochemical indicators, and pro-inflammatory

markers in patients of the 1*t group (p<0.05).

Discussion

The presence of T2DM in patients is associated
with an almost 3-fold increase in the risk of a more se-
vere COVID-19 course, the need for treatment in the
ICU, and mortality. Patients with prediabetes were also
more likely to have more severe COVID-19 than normo-
glycemic patients [15]. The reason for the poorer prog-
nosis in people with T2DM is likely to be multifactorial,
reflecting the polysyndromic nature of diabetes. Age,
sex, ethnicity, comorbidities such as hypertension and
cardiovascular disease, obesity, and pro-inflammatory
and procoagulant conditions likely contribute to the
risk of worse outcomes. Glucose-lowering drugs may
modulate the risk, but the limitations of their use and
potential interaction with coronavirus disease treat-
ment should be carefully evaluated. In turn, infection
with the coronavirus itself can be a worsening factor
for people with T2DM, as it can provoke acute metabol-

188 https://doi.org/10.46389/rjd-2024-1456

ic complications due to a direct negative effect on f-cell
function. This can cause diabetic ketoacidosis in indi-
viduals with T2DM, hyperglycemia on hospitalization
in individuals without previously diagnosed T2DM,
and precipitate the onset of T2DM [16]. According to
Wang S. et al., fasting blood glucose >7.0 mmol/L on ad-
mission is an independent predictor of 28-day mortali-
ty in patients with COVID-19 without a prior diagnosis
of T2DM [17, 18].

We obtained data suggesting that inflammation,
dysglycemia, and renal dysfunction underlie the patho-
genesis of coronary artery disease in patients without
previously diagnosed T2DM, whereas inflammation and
hypercoagulability play a role in patients with T2DM.
Such a difference may be due to the influence of hypo-
glycemic drugs and hypotensive drugs that have a ne-
phroprotective effect. Likely, patients with previously
established T2DM are more compliant and have received
basic treatment prior to infection with the coronavirus.

© 2024 The Authors
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Figure 2: Correlations between saturation, hematological and biochemical indicators, and pro-inflammatory

markers in patients of the 2" group (p<0.05).

Almost all patients from group 2 received met-
formin or a combination of SGLT-2 inhibitors and met-
formin, and in case of worsening conditions, they were
switched to insulin during inpatient treatment. Met-
formin is associated with a reduction in cardiovascular
risk indirectly through suppressive effects on insulin
resistance, systemic inflammation, and hypercoagula-
tion [19, 20]. The pleiotropic effects of metformin can
explain our observations.

In the CORONADO study, patients with newly di-
agnosed T2DM were most likely to be admitted to the
ICU and required mechanical ventilation, presumably
due to prolonged undiagnosed conditions without gly-
cemic control [9].

It is important to remember that hyperglycemia
can be not only a manifestation of diabetes but also the
so-called “stress” phenomenon or a side effect of drugs,
in particular steroids, which were prescribed at the
pre-hospital stage.

It should also be emphasized that controlling the
blood glucose level in patients with diabetes can miti-
gate the consequences of COVID-19. This was shown,
for example, in a large retrospective multicenter study

© 2024 The Authors

conducted in China involving 7.337 patients with
COVID-19 with and without T2DM. Compensation for
diabetes facilitates the overcoming of the coronavirus
disease for such patients, and vice versa - poor control
of T2DM significantly increases the risk of mortali-
ty from COVID-19. Today, we can only speculate that
long-term suboptimal glycemic control may impair cer-
tain aspects of the immune response to viral infection
and potential secondary bacterial infectious processes
in the lungs. It is the phenomenon of glucose toxicity,
endothelial dysfunction, and oxidative stress that leads
to extensive changes and worse consequences [21].

Conclusions

On admission, the patient’s symptoms, regardless
of T2DM presence, actually did not differ. The group
of patients with T2DM had significantly lower oxygen
saturation, higher concentration of glucose in blood se-
rum (11.3 (8.1;16.5) mmol/15.2 (4.4; 6.6) mmol/1, P<0.01)
and significantly lower creatinine level (106.0 (87.3;
123.0) memol/1 vs. 129.5 (104.8; 167.3) memol/1, P<0.05).
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According to the correlation matrix data, the

pathogenesis of COVID-19 in patients is based on in-
flammation, hypercoagulation, dysglycemia, and im-
paired kidney function, whereas with the combined
course of COVID-19 and T2DM, it is due to inflamma-
tion and hypercoagulation. Such differences may be as-
cribed to the pleiotropic effects of hypoglycemic drugs
that the patients received at the pre-hospital stage.
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