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Abstract—The aim of the work was to conduct a retrospective analysis of the clinical data of patients
with pneumonia caused by the SARS�CoV�2 virus, and to determine via mathematical methods the
significance of some physiological and biochemical indices as predictive markers of an unfavorable
outcome of the disease. A random cohort of patients with COVID�19 pneumonia numbered 209
people. Mathematical analysis addressed the physiological characteristics of patients recorded at the
time of hospital admission, as well as blood coagulation parameters and those reflecting the
development of an inflammatory reaction. The analyzed parameters were categorized relative to the
reference ranges of physiologically normal values. Correlation analysis was carried out using categorical
data on the disease outcome. The algorithms for calculating statistical characteristics, as well as results
visualization, were programmed in Python. When comparing patient groups, the significance of
differences between the determined parameters was assessed using the Pearson’s χ2 test with Yates’
correction. The study showed that the age over 50 and male sex can be considered risk factors for
patients with COVID�19 pneumonia (p < 0.05). The disease outcome was found to be significantly
affected by cardiovascular pathologies (p < 0.01) and to a lesser extent by diabetes mellitus (p < 0.10).
There were revealed maximal correlation coefficients between the oxygen saturation level (–0.43), as
well as the breathing rate (0.43), and a fatal outcome of the disease. For patients over 50 years of age,
oxygen saturation below 80% at the time of hospital admission turned out to be a marker of mortality. It
was shown that D�dimer blood levels above 625 ng/mL in patients over 80 years of age correlated with
mortal outcomes. No correlation was found between the C�reactive protein (CRP) level and the disease
outcome. The effect of corticosteroids on the disease outcome was analyzed in patients with different
CRP levels. It was found that, while using corticosteroids, the mortality rate in patients with CRP
≤ 12.5 mg/L is 2.7 times higher than in those with CRP > 12.5 mg/L (p < 0.01). Thus, the use of
adequate mathematical methods made it possible to define more precisely some mortality�associated
physiological and biochemical indices in patients with COVID�19 pneumonia.
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INTRODUCTION

SARS�CoV�2, a novel highly pathogenic β�coro�
navirus responsible for human coronavirus disease
(COVID�19), was first detected in China in
December 2019 and quickly spread around the
world having caused a severe pandemic.

Active research is being carried out worldwide
on the new virus and diseases it causes. The
SARS�CoV�2 virion is known to consist of two
main components, namely (1) a genomic RNA
and a protein capsid, packed into a nucleocapsid,
and (2) a phospholipid bilayer to surround the
nucleocapsid. The phospholipid bilayer includes a
spike protein (glycoprotein trimer), a hemagluti�
nin esterase enzyme, and few structural proteins
(Spike, Envelope и Membrane) [1].

The virion interacts with a receptor, type II
angiotensin�converting enzyme (ACE2); its bind�
ing to ACE2 is facilitated by the cellular type 2
transmembrane serine protease (TMPRSS2),
which activates the S�protein of the virus. ACE2
and TMPRSS2 are presented on the surface of
various cells of the respiratory organs, esophagus,
intestines, heart, adrenals, urinary bladder, hypo�
thalamus and pituitary gland, endothelium, and
macrophages [2, 3]. This leads to a variety of clin�
ical manifestations of the disease [4].

The infection is mainly transmitted via respira�
tory droplets (airborne transmission), less often
via direct person�to�person contact (contact
transmission). The incubation period is 1–14 days
with a peak around 3–7 days; during the latency
period, the virus becomes highly contagious.
Patients exhibit flu�like symptoms, sore throat,
fever, cough, fatigue, and dyspnea; in some cases,
patients develop gastrointestinal problems, such
as diarrhea and vomiting [5, 6]. When alveolar
epithelial cells are affected, patients develop
pneumonia (15% of cases), acute respiratory dis�
tress syndrome (ARDS) and, in most severe cases,
multiple organ dysfunction syndrome (5% of
cases) [1, 4].

ARDS is caused by an aggressive inflammatory

reaction of the human immune system, which
develops in response to the release of viral parti�
cles after their reproduction in infected cells. This
reaction consists in cytokine overproduction,
which leads to the development of an immune
over�reaction called a cytokine storm [7]. Ele�
vated cytokine levels promote the influx of
immune cells, such as macrophages, neutrophils,
and T cells, from the bloodstream to the site of
infection; this process has a destructive effect on
human tissues, causing lung damage and severe
ARDS, which manifests itself in low oxygen satu�
ration levels and is an important cause of death in
COVID�19 patients [6, 7]. An increased level of
C�reactive protein (CRP) in the blood of patients
serves an indicator of the presence of an acute
phase of the inflammatory response [4].

COVID�19 patients are known to have disor�
ders of the blood coagulation and fibrinolytic sys�
tems. In patients with moderate and severe
COVID�19, i.e. with poor outcome, there were
noted an increase in the D�dimer level, a decrease
in the prothrombin time (PT) and activated par�
tial thromboplastin time (APTT) [8, 9]. Since
these changes in hemostasis correspond to dis�
seminated intravascular blood coagulation,
COVID�19 is believed to be associated with
venous or arterial thrombosis [10].

Elderly people and people with comorbidities,
such as diabetes, hypertension, pulmonary dis�
eases, asthma, bronchitis and cardiovascular dis�
eases, are prone to developing ARDS and
thrombosis, and it is they who become the main
“hostages” of SARS�CoV�2 [6].

The COVID�19 pandemic continues, and a
large number of patients are admitted to hospitals
with serious lung damage. That is why it is so
important to reveal and specify the physiological
signs of the disease, which must receive special
attention when treating patients in order to pre�
vent its severe development and fatal outcome.
Mathematical methods of analysis are highly
instrumental in determining to what extent cer�
tain physiological and biochemical indices are
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significant in predicting the disease, in choosing a
treatment and care strategy.

Recently, there has been an outbreak of publi�
cations, whose authors propose predictive models
of mortality and severe disease progression risk in
patients with COVID�19. The review [11] ana�
lyzes 107 such models, of which the authors dis�
tinguished only one model, the 4C (Coronavirus
Clinical Characterization Consortium) Mortality
Score, as promising [12]. For all other models, a
high risk of bias assessment was determined,
mainly due to unrepresentative selection of con�
trol patients, post�randomization patient exclu�
sions, and vague medical reporting [11]. The
authors believe that currently it is impossible to
recommend any model for practical use, and fur�
ther research should focus on verifying, compar�
ing, improving and updating the best versions, as
well as specifying the predictors of disease sever�
ity.

The aim of the work was to carry out a retro�
spective analysis of the clinical data of patients
with pneumonia caused by SARS�CoV�2 and,
using mathematical methods, to determine the
significance of some physiological and biochemi�
cal indices as predictive markers of an unfavorable
outcome of the disease.

MATERIALS AND METHODS

We used encrypted epicrises of patients with a
confirmed diagnosis of COVID�19 and pneumo�
nia, provided by the V.I. Razumovsky Saratov
Clinical Hospital No 2. The patients were hospi�
talized from September 1 to December 1, 2020
and received treatment in accordance with the
temporary recommendations of the Ministry of
Health of the Russian Federation, which included
etiotropic, anticoagulant, immunosuppressive
and symptomatic therapy. A random cohort of
patients (209 people) was used for analysis.

Patients were divided into five age categories,
namely 1 – 18 < 35 years of age; 2 – 35 < 50 years
of age; 3 – 50 < 65 years age; 4 – 65 < 80 years
age; and 5 – ≥ 80 years age . The analysis also took
into account the sex of each patient and the pres�
ence of comorbidities, such as diabetes, cardio�
vascular (CV) pathology, and oncological disease.
By the sign “sex”, female and male patients were

assigned to categories 1 and 0, respectively. By the
signs “CV disease”, “diabetes” and “oncology”,
the patients with any of these diseases were
assigned to category 1, without these diseases—to
category 0.

For a comparative mathematical analysis, we
used the physiological and biochemical indices
recorded in the epicrises, the values of which
were compared with normal reference values
(Table 1).

The analyzed indices were divided into catego�
ries relative to their reference ranges. The results
corresponding to normal reference values were
taken as 0; upward deviations from the maximum
normal value by 10, 20, 30%, etc. were recorded
as 10, 20, 30 etc., downward deviations from the
minimum normal value were recorded as –10,
–20, –30, etc.

Correlation diagrams were plotted according to
categorical data on the disease outcomes: in the
range from 0 to 1, the probability of fatal outcome
increases with an increase in the index category;
in the range from 0 to –1, the probability of fatal
outcome increases with a decrease in the index
category. Algorithms for calculating statistical
characteristics were programmed in Python using
the numpy and pandas libraries for mathematical
and statistical analysis (https://numpy.org/,
https://pandas.pydata.org/pandas�docs/stable/).
The obtained results were visualized also in
Python using the seaborn and mathplotlib librar�
ies (http://seaborn.pydata.org/, https://matplot�
lib.org/). The target variable in data analysis was
the outcome of the disease: discharged or
deceased.

The significance of differences in the parame�
ters when comparing patient groups was assessed
using the Pearson’s χ2 test with Yates’ correction,
which is introduced to reduce the number of
distortions when dealing with small samples
[13]. In some cases, the significance of the
results was assessed using one�way ANOVA and
Fisher’s F�test. At the probability level p > 0.10,
the difference was considered statistically non�
significant [14].

The studies were carried out in compliance with
international and Russian ethical principles and
standards, and were approved by the Ethics Com�
mittee at the Medical University “Reaviz.”
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RESULTS

Initially, a diagram of the correlation between
the physiological parameters of patients (209 peo�
ple) and an unfavorable prognosis of their disease
was plotted (Fig. 1). The diagram shows that the
poor disease outcome depends to the largest

extent on the oxygen saturation level (Sat) (cor�
relation coefficient Kс = –0.43) and breathing
rate (Breath_rate; Kс = 0.39). These parameters
are interrelated, namely an increased breathing
rate in COVID�19 patients, as a rule, correlates
with a decreased oxygen saturation level.

To a lesser extent, an unfavorable outcome cor�

Table 1. Some physiological and biochemical indices determined during the treatment of COVID�19 patients
and their normal reference values

No. Indices Designation Reference values

1 Oxygen saturation, % Sаt > 94

2 Heart rate, min–1 Heart_rate 60–80

3 Breathing rate, min–1 Breath_rate 16–20

4 Systolic blood pressure, mm Hg Sistolic_BP 120–130

5 Diastolic blood pressure mmHg Diastolic_BP 75–80

6 Body temperature, °C Temp 36.6

7 Body mass index, kg/m2 BM_index 18–25

Inflammation markers

8 C�reactive protein, mg/L CRP 0–5

Blood coagulation markers

9 Activated partial thromboplastin time, s APTT 22.5–35.5

10 Prothrombin index, % PI 73–122

11 Fibrinogen, g/L Fibrinogen 2–4

12 Prothrombin time, s PT 11–15

13 D�dimer, ng/mL D�dimer < 250

Fig. 1. A diagram of correlation between the physiological parameters of patients and the disease outcome.
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relates with the patient’s age (Kс = 0.25), namely
the higher the age category, the higher the proba�
bility of fatal outcome, the presence of a cardio�
vascular (CV) disease (Kс = 0.20) or diabetes
(Kс = 0.16), and a decreased arterial diastolic
blood pressure (Diastolic_BP) (Kс = –0.19). In
the center of the diagram, there are the indices
that correlate least with the disease outcome, e.g.,
heart rate (Heart_rate) and body mass index
(BM_index). Therefore, the correlation matrix
allows us to compare the impact of indices on the
disease outcome and distinguish the most signifi�
cant of them.

Figure 2 shows the distribution of patients
(209 people) by sex and age, with the disease out�
come indicated. Among the patients, there were
more females (110) than males (99). The diagram

shows that more than 47% of patients were over
65 years of age. The mortality rate was calculated
across the entire cohort. In age group 1, no fatal
outcomes were recorded. The mortality rate
increased with age, being the highest among males
in each group. Overall, 19.2% of patients (40 peo�
ple) deceased, of which 12.0% were males and
7.2% females. The highest mortality rate was
recorded among males over 80 years of age
(52.4% of the total number of patients in this cate�
gory).

Most inpatients had comorbidities (Table 2):
CV diseases—66%, diabetes—20%, and cancer—
11%. Table 2 shows that CV pathology (p < 0.01)
has a significant impact on the disease outcome,
while diabetes has it to a lesser extent (p < 0.1).

The impact of obesity on the outcome of

Fig. 2. Distribution of the patients by sex (m—male, f—female), age, and disease outcome (A—alive, D—deceased). The hor�
izontal axis shows the mortality rate in each age category of patients. The diagram shows the percentage of favorable and fatal
outcomes across the entire cohort (209 patients).

Table 2. Impact of comorbidities on the disease outcome

Comorbidity 
Number of patients

Significance of the impact of comor�
bidity on outcome

discharged deceased χ2

CV + 104 34 6.93

– 65 6

Diabetes + 30 12 3.02

– 139 28

Oncology + 17 5 0.027

– 152 35
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COVID�19 was considered. In the given patient
cohort (209 people), 73% had an increased body
mass index (BMI). We obtained a distribution of
recovered and deceased patients, depending on
the deviation of this index from normal reference
values (Fig. 3), which reveals no significant
impact of the degree of obesity on the disease out�
come.

We divided all the patients into two groups,
namely with a BMI within the range of normal
reference values (56 people in total, 11 deceased)
and an increased BMI (153 people in total,
29 deceased), and evaluated statistically the
impact of overweight on the fatal disease out�
come. No significant impact of BMI deviations

from the normal reference values on mortality was
found (χ2(1, n = 209) = 0.0126, p = 0.911).

The impact of oxygen saturation on the disease
outcome was examined. The results of mathemat�
ical analysis are presented in the form of a violin
diagram (Fig. 4). This statistical diagram is used to
visualize data distribution and their probability
density. Each violin represents a group of vari�
ables in the same data category. A bell�shaped dis�
tribution signifies normal distribution.

Figure 4 and Table 3 show that in most of the
recovered patients the oxygen saturation level at
the time of hospital admission was above 85%,
with the mean and median values being within the
ranges of 91.3–95.2 and 93–97%, respectively. It

Fig. 3. Probability of favorable (0) and fatal (1) disease out�
comes, depending on the deviation of their body mass index
(BM_index) from the normal reference values, %.

Fig. 4. Violin diagram reflecting the dependence of the dis�
ease outcome (0—discharged, 1—deceased) on the oxygen
saturation level (Sat) and the age category of patients: 1.0—
18 < 35 years of age; 2.0—35 < 50 years of age; 3.0—50 <
65 years of age; 4.0—65 < 80 years of age; 5.0—≥ 80 years of
age.

Table 3. Impact of oxygen saturation (Sat), as determined in patients of different ages at the time of hospital
admission, on the disease outcome

Age category
Favorable disease outcome Fatal disease outcome

pnumber of 
patients

mean sаt ± S, 
%

median Sаt 
number of 

patients
mean sаt ± S, 

%
median sаt 

18 < 35 years of age 26 95.2 ± 4.2 97.0 0 – – –

35 < 50 years of age 35 95.0 ± 3.7 96.0 5 95.2 ± 4.0 97.0 0.812

50 < 65 years of age 35 94.3 ± 3.7 95.0 9 86.2 ± 9.3 87.0 0.001

65 < 80 years of age 43 93.0 ± 4.9 95.0 9 89.8 ± 7.1 92.0 0.026

≥ 80 years of age 30 91.3 ± 6.0 93.0 17 79.9 ± 10.5 80.0 0.0003
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can also be seen that the mean value of the oxygen
saturation level in the discharged patients
decreases with age.

The distribution curve of the oxygen saturation
index in the deceased patients from age group 2
does not differ from that in the recovered patients
(Fig. 4), while the mean Sat values in these groups
coincide (Table 3). Apparently, the condition of
these patients sharply deteriorated after hospital�
ization.

The violin diagram shows a significant scatter of
the saturation indices in deceased patients from
the three older groups. Their mean Sаt level is
within 86.2–79.9%, decreasing with age. It was
noted that for patients over 50 years of age, an
oxygen saturation below 80% became a marker of

mortality (p < 0.01).
We explored the correlation of blood coagula�

tion indices with the disease outcome (Fig. 5)
using the data of 79 patients. As follows from the
diagram, the unfavorable outcome of the disease
correlates to a large extent with an increase in the
concentration of D�dimer (Kс = 0.17) and a
decrease in APTT (Kс = –0.17).

The impact of the D�dimer blood concentra�
tion in patients of different age groups on the dis�
ease outcome was considered in more detail. The
whole group consisted of 79 patients (39 fatal out�
comes). In Fig. 6, the dependence of the disease
outcome on the D�dimer level and the age of the
patients is presented as a scatter plot. The diagram
shows that a significant increase in the D�dimer

Fig. 5. A diagram of correlation between blood coagulation indices and the disease outcome.

Fig. 6. Dependence of the disease outcome on an excess of the D�dimer blood level relative to its normal reference values and
on the age of patients: 1—18 < 35 years of age; 2—35 < 50 years of age; 3—50 < 65 years of age; 4—65 < 80 years of age; 5—
≥ 80 years of age. (a) Discharged, (b) deceased.
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level was mainly found in patients over 80 years of
age, and these patients deceased in most cases;
therefore, for the patients of this age group, a
150% increase in the concentration of D�dimer
became a marker of mortality. In patients of other
age categories, an increase in the D�dimer level by
more than 2 times was rarely observed, and there
were no fatal outcomes among them.

Figure 7 shows that at a normal D�dimer level,
the number of favorable and unfavorable out�
comes is almost the same, but at a D�dimer level
exceeding the normal reference values by 300%,
the mortality rate is 100% (all these patients
belong to age group 5) (Fig. 6).

A statistical analysis of the data obtained
revealed no significant differences in the probabil�
ity of fatal outcomes at a normal D�dimer level
and that at its increased level (χ2(1, n = 79) =
0.023 with Yates’ correction, p = 0.879). Appar�
ently, this is due to a small sample size, which
comprised nearly all fatal outcomes (39).

We carried out a statistical analysis of APTT
indices of 186 patients. In most of the deceased
patients (34 people), this index was within a refer�
ence range, while in 5 patients it exceeded the
normal level, and there was no significant differ�
ence in the probability of fatal outcomes between
these categories of patients (χ2(1, n = 186) =

0.841 with Yates’ correction, p = 0.359). All
patients (14 people), who had the APTT index
below the normal level, recovered, apparently due
to anticoagulant therapy. Therefore, the APTT
value cannot serve a marker of mortality.

Fig. 7. Probability of favorable (0) and fatal (1) disease out�
comes, depending on the excess of the D�dimer blood level
relative to the range of normal reference values.

Fig. 8. Dependence of the outcome of the disease (red—
deceased, green—discharged) on the excess of the C�reactive
protein (CRP) concentration in the blood relative to the
norm and on the age of patients: 1—18 <35 years old; 2—35
< 50 years old; 3—50 < 65 years old; 4—65 < 80 years old;
5—≥ 80 years old.

Fig. 9. Probability of favorable (0) and fatal (1) outcome of
the disease, depending on the excess of the C�reactive pro�
tein (CRP) blood level relative to normal reference values
during corticosteroid treatment.
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The next indicator to be considered was C�reac�
tive protein (CRP). We analyzed the dependence
of the disease outcome on its blood level in 181
patients of various ages. It is shown in Fig. 8 as a
parameter scatter plot. The diagram shows that
patients recovered and deceased with very differ�
ent CRP values, i.e. no correlation was found in
this case, however, we noted a significant mortal�
ity in patients with low CRP levels.

Therefore, we decided to find out how the
administration of corticosteroids (intramuscular
injections of prednisolone or dexamethasone)
affects the disease outcome in patients with differ�
ent CRP levels. Figure 9 shows the normalized
distribution of patients (181 people) with favor�
able and lethal outcomes of the disease, depend�
ing on their CRP blood level during corticosteroid
therapy. As follows from the diagram, the number
of deceased patients accounts for more than 50%
of the total number of patients with low CRP lev�
els (0–5 mg/L). Most of the fatal outcomes corre�
sponded to the CRP concentration range of 0–
12.5 mg/L.

We carried out a comparative analysis of the
distributions of patients whose therapy either
included or excluded the administration of anti�
inflammatory steroids. The CRP concentration of
12.5 mg/L was used as a limiting value (Table 4).

From Table 4 it can be seen that among the cor�
ticosteroid�treated patients with CRP blood con�

centrations ≤ 12.5 mg/L, 38.9% deceased; while
of the patients who did not receive steroids, only
16% deceased; the significance of differences was
determined at p < 0.10. If the CRP blood level was
above 12.5 mg/L, then the mortality rate during
hormone therapy was 14.3%, while 12% of
patients deceased in the absence of corticosteroid
therapy; in this case, the significance of differ�
ences cannot be determined due to a small num�
ber of observations. The significance of
differences in the mortality rate of patients treated
with corticosteroids and having a blood CRP level
≤ 12.5 mg/L (38.9%) and > 12.5 mg/L (14.3%)
was determined at p < 0.01.

Thus, with the administration of corticoste�
roids, the mortality rate in patients with CRP level
≤ 12.5 mg/L was 2.7 times higher than in those
with CRP > 12.5 mg/L (p < 0.01).

DISCUSSION

Recently, there has been an increase in the
number of COVID�19 patients with pneumonia
signs. COVID�19 pneumonia is specifically char�
acterized by a damage to interstitial (connective)
tissue and (in an acute form of the disease) pul�
monary alveoli, a frequent bilateral lung injury,
the appearance of affected lung areas visualized by
computer tomography as ground�glass opacities,
a high degree of respiratory failure, rapid progres�

Table 4. Disease outcome in patients with different blood levels of C�reactive protein, depending on the
corticosteroid administration; an assessment of the significance of differences between CRP index values in
patient groups

Disease outcome 

Number of corticosteroid�treated patients

used not used

CRP ≤ 12.5 mg/L CRP > 12.5 mg/L CRP ≤ 12.5 mg/L CRP > 12.5 mg/L

а b c d

favorable 33 66 21 22

fatal 21 11 4 3

Columns Significance of differences in signs when comparing patient groups

а and b χ2(1, n = 181) = 9.118 with Yates’ correction, p = 0.0025

а and c χ2(1, n = 181) = 3.148 with Yates’ correction, p = 0.076

b and d χ2(1, n = 181) = 0.002 with Yates’ correction, p = 0.963

c and d a small number of observations
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sion. In addition to lung injury, some other organs
often becomes affected, such as the liver, kidneys,
heart, and hematopoietic system, which indicates
the presence of systemic inflammation [5, 6].
These features correlate with the pathogenesis of
COVID�19, namely, the development of an
extremely strong inflammatory response of the
organism to viral particles, which affects the
organism’s own immune cells, causing ARDS and
multiple organ failure [7].

With an ever increasing flow of COVID�19
patients, any markers signaling an unfavorable
development of the disease are taking on special
significance [11]. Such markers can be revealed
and their parameters can be specified when doing
a research on representative samples of patients
using adequate methods of statistical and correla�
tion analyses.

Within the framework of a retrospective study
of the epicrises of patients with pneumonia caused
by SARS�CoV�2 (a random cohort of 209 peo�
ple), we analyzed the physiological parameters of
patients to be obligatorily studied at the moment
of hospital admission, as well as the markers of
blood coagulation and inflammatory response,
i.e. those physiological processes that are most
affected by COVID�19.

A correlation diagram (Fig. 1) plotted on the
basis of such patients’ parameters as the age, sex,
presence of comorbidities (CV and oncological
diseases, diabetes), and seven additional physio�
logical characteristics (Table 1) made it possible
to reveal those physiological indices that correlate
most with an unfavorable outcome of the disease,
such as age (Kс = 0.25), the presence of concomi�
tant diseases (Kс = 0.16–0.20), and oxygen satu�
ration (Kс = –0.43). These parameters were
analyzed in more detail.

Specifically, it was shown that the mortality
rate among the patients hospitalized with pneu�
monia rises with their age (Fig. 2). For example,
in group 18 < 35 years of age (26 people), no fatal
outcomes were recorded; in the group 35 <
50 years of age (40 people), they accounted for
12.5%; in group 50 < 65 years of age (44 people)—
20.5%, in group 65 < 80 years of age (52 people)
—17.3%, and in group > 80 years of age (47 peo�
ple) —36.2%. It was also noted that among the
patients of the three older groups (> 50 years of

age), there were almost 1.5 times more females
than males, whilst the mortality rate was 2.2 times
lower: 16.5% of unfavorable outcomes were
recorded in the female group and 36.2% in the
male group (p < 0.05). In male group 3, there were
27.8% fatal outcomes, in male group 4—26.3%,
and in male group older than 80 years of age
(21 people) —52.4%.

Our results are consistent with the data of other
authors who distinguished an old age and male sex
as unfavorable outcome risk factors in COVID�19
[11, 12, 15]. For example, a meta�analysis includ�
ing 3027 SARS�CoV�2�infected patients [16]
demonstrated that for male smokers aged over
65 years, this disease is most dangerous. In the
present study, it was shown with a sufficient
degree of significance (p < 0.05) that the age over
50 years and male sex can be considered as risk
factors for patients with diagnosed SARS�CoV�2�
caused pneumonia.

When considering the effect of comorbidity on
disease outcomes, we divided the concomitant
diseases into three categories: cardiovascular
pathology, diabetes, and oncology, without diag�
nosis detailization. Of the patients studied, 97%
had at least a single above�listed pathology, many
had a history of several diseases; for example, 90%
of patients with diabetes had a CV pathology.
During statistical analysis, we considered the
impact of each disease category separately
(Table 2). It was shown that CV pathology had a
significant impact on the disease outcome (p <
0.01). Mortality in the group of such patients was
3 times higher than in patients without CV dis�
eases. Mortality in diabetic patients was 1.7 times
higher than in non�diabetic patients (p < 0.10).
The impact of an oncological disease on the dis�
ease outcome was not significant (p > 0.10),
although the absence of a statistically significant
correlation in this case may be due to the small
number of observations.

Many authors note CV disease as the most sig�
nificant factor worsening the prognosis in
COVID�19 patients. It was found that deceased
patients exhibited a highest occurrence of arterial
hypertension and CV diseases [17]; arterial hyper�
tension was found to be the most unfavorable
pathology in terms of prognosis [18]; ischemic
heart disease is also in the list of diseases with a
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highest mortality rate (26.3%) [15].
The effect of diabetes mellitus type 2 on the dis�

ease outcome is discussed in detail in several stud�
ies [15, 19], where an almost twofold increase in
mortality was reported for COVID�19 patients.
Our data are consistent with these results.

We failed to reveal a significant impact of over�
weight on the disease outcome, as evidenced by
the results of our analysis shown on the correla�
tion diagram (Fig. 1) and as a normalized distri�
bution (Fig. 3), as well as by a statistical
assessment of the significance of differences in the
parameters studied. In Ref. [15], there was also
found no significant difference in the body mass
index between discharged and deceased patients:
the mean BMI in discharged and deceased
patients was 32.9 and 30.9 kg/m2, respectively.
However, it is noteworthy that the majority of
patients (73%) with moderate and severe
COVID�19 forms are overweight. Obesity as a sig�
nificant risk factor for an unfavorable outcome of
COVID�19 was noted in the work by Mexican
authors [18].

A decrease in oxygen saturation down to 95%
(with normal values of 98–99%) is known to be an
indication for hospitalization of COVID�19
patients in Russia [20]. A drop in this index evi�
dences a decrease in one of the main functions of
the lungs, namely oxygen transfer from the air to
the blood. A decrease in oxygen saturation in
COVID�19 patients is usually accompanied by
dyspnea, which manifests itself in an increased
breathing rate. We revealed maximum correlation
coefficients for the saturation level (Kс = –0.43)
and breathing rate (Kс = 0.43), interrelated physi�
ological parameters, with a fatal outcome (Fig. 1).
A detailed analysis of the correlation between the
saturation level of discharged and deceased
patients and their age (Fig. 4, Table 3) revealed
the following regularities. The saturation level at
the time of hospital admission was above 85% in
the majority of recovered patients; with age, the
average oxygen saturation level in discharged
patients decreased from 95.2 to 91.3%; in
deceased patients, the average saturation level,
depending on the age category, was 86.2–79.9%,
and in patients older than 50 years of age, the sat�
uration level below 80% at the time of hospital
admission became a marker of mortality (p <

0.01). It should be noted that dyspnea as the main
symptom of COVID�19 pneumonia is mentioned
in many publications [5, 6, 16, 17]. The breathing
rate and oxygen saturation are among the eight
major predictors when building a prognostic
model of the fatal outcome of the disease [12].

In addition to severe hypoxia, coagulopathy
with the development of disseminated intravascu�
lar coagulation (DIC) syndrome was reported in
COVID�19 patients [21]. Therefore, when hospi�
talizing patients with suspected or confirmed
COVID�19, experts recommend to determine
blood levels of D�dimer, fibrinogen and other
parameters of the blood coagulation system, to
count the number of platelets in the blood, and,
only in accordance with the test results, to pre�
scribe antithrombotic therapy [21]. It is well
known that the D�dimer blood level exceeding the
upper limit of normal values more than 2 times
indicates an increased risk of deep vein thrombo�
sis of the lower extremities and thromboembolism
of the pulmonary arteries [10, 21]. In COVID�19
patients, it was proposed to consider the D�dimer
blood level high if it is 3–4 times higher than the
upper limit of the reference range, and extremely
high if this limit is exceeded by 5–6 times or more
[21]. The D�dimer level of 1 mg/mL was included
into a predictive model of mortality in COVID�19
[22].

In the present study, we analyzed the parame�
ters of the blood coagulation system as predictors
of mortality (Fig. 5). In a sample of 79 patients,
highest correlation coefficients were established
for D�dimer (Kс = 0.17) and APTT (Kс = –0.17),
i.e. with an increase in the D�dimer blood level
and a decrease in activated partial thromboplastin
time (APTT), the probability of the fatal outcome
increases. It was found that an increase in the
D�dimer concentration by more than 2.5 times
relative to normal reference values (> 625 ng/mL)
in patients over 80 years of age correlates with a
fatal outcome (Fig. 6). In patients of other age
categories, such an excess was rarely recorded,
and there were no fatal outcomes among them.
No statistically significant difference was found
between the probability of a lethal outcome at
the normal D�dimer level and that at an increased
D�dimer level, perhaps due to the insufficient
number of observations (79 patients, of which,
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39 were lethal outcomes). Similar results were
obtained in the statistical analysis of the APTT
index (186 patients). Apparently, antithrombotic
therapy is quite efficacious.

The main cause of death in COVID�19 is an
aggressive systemic inflammatory response (cyto�
kine storm). This is indicated by the correlation of
the COVID�19 severity and mortality with the
level of cytokines, including interleukin (IL)�6
and IL�8; a similar phenomenon was found in
previous studies of the Middle East respiratory
syndrome (MERS) and severe acute respiratory
syndrome (SARS) [23]. In patients infected with
pathogenic human coronaviruses, a cytokine
storm promotes acute lung injury and the devel�
opment of ARDS [1, 4, 23]. Therefore, con�
trolling cytokine storm has been proposed as a
vital treatment strategy for COVID�19 patients,
especially in severe cases [23, 24].

Anti�inflammatory cytokines boost the synthe�
sis of CRP, a glycoprotein produced in the liver
and referred to acute�phase proteins. Its blood
concentration increases 10–100 times within 24–
48 h after the onset of inflammation [25]. As a
rule, the CRP blood level is monitored in admit�
ted patients; therefore, it is this protein that we
considered as an indicator of the development of
the inflammatory process. It should be noted that
the CRP level is considered in many predictive
models of the fatal outcome risk in COVID�19
[11, 12, 22].

The data of 181 patients were used for statistical
analysis. There was found no correlation between
the CRP level and the disease outcome, although
there was a significant number of fatal outcomes
at a normal level of this protein (Fig. 8). There�
fore, the impact of corticosteroids (prednisolone
or dexamethasone injected intramuscularly) on
the disease outcome was analyzed in patients with
different CRP levels. As is known, corticosteroids
can be used to suppress a cytokine storm, how�
ever, based on data obtained from MERS and
SARS patients, their administration did not
improve survival, but rather slowed down viral
clearance [23, 24].

Our statistical analysis showed (Table 4) that
the use of corticosteroids at a CRP level
≤ 12.5 mg/L is more likely to lead to a fatal out�
come than their absence in therapy at this CRP

level (p < 0.10) and than their use at a CRP level
> 12.5 mg/L (p < 0.01). The impact of corticoste�
roids on the outcome of the disease with a CRP
level > 12.5 mg/L was not statistically confirmed,
probably due to the small number of observations.
Therefore, at a CRP blood level below 12.5 mg/L,
the use of corticosteroids may lead to a worsening
of the COVID�19 patients’ condition, which is
consistent with the results reported elsewhere [23,
24].

Thus, the use of adequate computer programs
and mathematical methods allowed us to analyze
a significant array of physiological and biochemi�
cal indices in COVID�19 pneumonia patients and
to reveal some patterns that can be used in clinical
practice and further studies of this new infectious
disease.

STUDY LIMITATIONS

The limitations are concerned with a retrospec�
tive design of this study. Not all laboratory studies
were carried out in all patients, so subsamples var�
ied in the number of patients. Moreover, labora�
tory test values may be distorted by a prior
outpatient treatment of these patients. Interpreta�
tion of our results may also be limited due to the
relatively small size of the general sample.

CONCLUSION

The conducted mathematical analysis of the
retrospective data from 209 patients with pneu�
monia caused by SARS�COV�2 enabled specifi�
cation of some physiological and biochemical
parameters predicting an unfavorable outcome
of COVID�19, such as the age over 50, male sex,
the presence of cardiovascular diseases, oxygen
saturation below 80% for patients over 50 years,
D�dimer blood level 2.5 times exceeding the
upper limiting value of the reference range for
patients over 80 years of age. It was also noted that
a CRP blood level below 12.5 mg/L, the use of
corticosteroids may lead to an increased likeli�
hood of fatal outcome.
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