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Abstract

Aims and objective: The novel COVID-19 virus infection is known to be
a multisystem disease. Moderate and severe forms of COVID-19 are usually
accompanied by damage to the lungs and blood vessels, but the heart, kid-
neys, liver, intestines, and pancreas can also be affected. Many biochemical
parameters have been shown to become altered in COVID-19 patients in
correlation with the disease severity and outcome. The aim of the study
was to evaluate the significance of some biochemical parameters of blood
characterizing kidneys and liver functioning as markers of mortality risk in
patients with COVID-19, depending on their gender and age.

Material and methods: A cohort, retrospective, cross-sectional study
was conducted, which analyzed the clinical data of 195 hospital patients
with a confirmed diagnosis of COVID-19 and pneumonia. The cohort was
divided into groups by gender and age category. Biochemical parameters
characterizing kidneys and liver functioning were analyzed: aspartate ami-
notransferases, alanine aminotransferases, total bilirubin, conjugated bili-
rubin, glucose, creatinine, urea. For correlation and statistical analysis, visu-
alization of the results, the python language was used. The significance of
differences in the parameters when comparing patient groups was assessed
using one-way ANOVA and Student’s t-test.

Results: The COVID-19 mortality rate was shown to increase with the age
of patients. Among the patients over 50 years of age, the women mortality
was 2.3 times lower than that of men. For the entire cohort, the mortality
was determined to mostly correlate with the level of creatinine (correlation
coefficient Kc=0.21) and urea (Kc=0.16). Analysis by age group showed that
for patients older than 65 years an increase in creatinine by 2.5 times and
urea by 2.2 times relative to the norm was associated with the 100 % mor-
tality. Analysis by gender group indicated that the poor outcome of men is
most associated with the increase of age (Kc=0.34), creatinine (Kc=0.27),
urea (Kc=0.27); the similar correlations were not observed in women.

Conclusion: It was found that an increase in creatinine level in COV-
ID-19, indicating kidney damage, is more typical for men than for women
(p=0.002). Creatinine >287 pumol/l and urea >18.3 mmol/| are the markers
associated with the risk of COVID-19 related death in men over 65 years of
age.
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Introduction

At present, the mechanism of the SARS-CoV-2 virus interac-
tion with cells and the stages of the development of the CO-
VID-19 infectious process are well studied and described [1,4].
The presence of the SARS-CoV-2 receptor — angiotensin-con-
verting enzyme 2 — in the cells of different tissues determines
a variety of clinical manifestations of the disease [4]. The CO-
VID-19 disease may have mild, moderate or severe symptoms,
or go asymptomatically; in many cases patients have pneumo-
nia [5]. In severe cases COVID-19 leads to pulmonary compro-
mise and diffuse alveolar damage, causing respiratory distress
and fibrosis. Some authors point to the possibility of damage to
the liver, kidneys, heart and intestines in addition to lung injury
due to the presence of systemic inflammation and subsequent
multi-organ dysfunction [6-8]. Recent studies have shown that
different laboratory parameters become altered in these pa-
tients, that is why they are useful as biomarkers to assess the
progression of the disease, determine the targets of virus im-
pact, choose therapies and predict outcome of the disease [4,9].

Several biomarkers were shown as predictors of the poor
COVID-19 outcome: interleukin-6, ferritin, lactate dehydro-
genase, C-Reactive Protein (CRP), procalcitonin, lymphocyte
count, neutrophil to lymphocyte ratio, lymphocyte to CRP ratio,
platelet count, and specific cardiac biomarkers [4]. The most of
them are the markers of escalating inflammation process which
is the main reason of Acute Lung Injury (ALIl) and mortality in
CoVID-19.

Atypical feature of ALl is co-localization of thrombosis and in-
flammation within the pulmonary capillary vasculature. Throm-
boinflammation causes the formation of fibrin-rich thrombi in
the alveolar capillaries [10]. The process of fibrinolysis leads to
the production of D-dimers which spill into the blood. Thus, D-
dimer is considered to be a biomarker of coagulative cascade
taking place in severe COVID-19. A level of >2.0 pg/mL on ad-
mission was shown to predict mortality [11,12]. Earlier we have
shown that an increase in the D-dimer concentration by more
than 625 ng/mL in patients over 80 years of age correlates with
a fatal outcome [13].

The cardiac pathology is of special interest in COVID-19. In
order to assess heart damage in COVID-19, it was proposed to
use specific cardiac biomarkers: creatinine kinase muscle brain,
cardiac troponin I, myoglobin, and N-terminal of the prohor-
mone brain natriuretic peptide [4]. High levels of these bio-
markers correlated with lethality [14,15] but their limit values
for predicting mortality were lower than those for common
heart disease [16].

Several studies support the idea that kidney damage is com-
mon in COVID-19 patients [6,7,17]. The proportion of Acute
Kidney Injury (AKI) among complications caused by COVID-19
is estimated at 4% [8]. The studies of kidney functioning in CO-
VID-19 patients showed that non-survivors had a progressive
increase of serum creatinine and urea levels above the refer-
ence range, reaching a peak a few days before they died. There-
fore, these parameters are proposed to evaluate the prognosis
of patients [9].

The inflammation mediated by the immune system and/or
the pharmacological treatment used during the hospitalization

of patients can also have contributed to the liver injury. Accord-
ing to the study results [18] patients with abnormal hepatic
tests (Aspartate Aminotransferases (ASAT), Alanine Amino-
Transferases (ALAT), bilirubin) on admission were more likely to
evolve toward a serious illness.

In the previous study [13], we analyzed a significant array of
physiological and biochemical indices in patients with COVID-19
pneumonia (209 people) and revealed several parameters pre-
dicting a poor outcome of the disease, namely the presence of
cardiovascular diseases, oxygen saturation below 80% for pa-
tients 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.

The aim of this study was to evaluate the significance of
some biochemical parameters of blood characterizing kidneys
and liver functioning as markers of mortality risk in patients
with COVID-19, depending on their gender and age.

Methods

There was conducted a cohort, retrospective, cross-sectional
study of patients with a confirmed diagnosis of COVID-19 pneu-
monia hospitalized in the fall of 2020. Inclusion in the cohort
was made by the criteria: 1) diagnosis of COVID-19 based on the
detection of SARS-CoV-2 Ribonucleic Acids (RNA) from nasopha-
ryngeal swabs; 2) diagnosis of pneumonia based on the chest X-
ray or CT images; 3) hospitalization in the V.I. Razumovsky Sara-
tov Clinical Hospital No 2 in the fall 2020. The patients received
treatment in accordance with the temporary recommendations
of the Ministry of Health of the Russian Federation. The random
cohort consisted of 195 patients. The studies were carried out
in compliance with international and Russian ethical principles
and standards, and were approved by the Ethics Committee at
the Medical University “Reaviz.”

We used some data of biochemical blood test of patients ful-
filled immediately after their hospitalization: ASAT, ALAT, total
bilirubin, conjugated bilirubin, glucose, creatinine, urea.

For a mathematical analysis, patients were divided into five
age categories: 1-18<35; 2-35<50; 3-50<65; 4-65<80; and 5- >
80 years of age. The values of biochemical parameters were
compared with normal reference values (Table 1) and were di-
vided into categories relative to their reference ranges: the val-
ues corresponding to the interval of the norm were taken as 0O,
deviations to the greater or lesser side from the limiting values
of the norm by 10, 20, 30%, etc. were written as 10, 20, 30...,
with a plus or minus sign, respectively.

Correlation and scatter diagrams, matrices of pairwise cor-
relation coefficients were plotted with the help of algorithms
programmed in python using the numpy and pandas libraries
(https://numpy.org/, https://pandas.pydata.org/pandas-docs/
stable/). The results were visualized using the seaborn and
mathplotlib libraries (http://seaborn.pydata.org/, https://mat-
plotlib.org/).

The significance of differences in the parameters when com-
paring patient groups was assessed using one-way ANOVA and
Student’s t-test. The difference was considered statistically sig-
nificant at the probability level p<0.05 [19].
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Results and discussion

In the fall of 2020, in Saratov (Russia), there was a signifi-
cant increase in the incidence of COVID-19, patients with a con-
firmed diagnosis, moderate or severe symptoms of COVID-19
were placed in specialized hospitals. During hospitalization, the
physiological, hematological and biochemical parameters of pa-
tients were subject to mandatory registration. This study exam-
ined the records of 195 patients with COVID-19 to determine
the significance of certain biochemical markers as predictors of
mortality.

The studied cohort consisted of 106 women and 89 men.
Nearly 53% of patients were over 65 years of age. 39 People
(20% patients) deceased, of which 12.3% were men (24 people)
and 7.7% women (15 people). In Table 2 we can see that the
mortality rate among the patients increased with their age. In
the first age group there were no fatal outcomes; in the oldest
group the lethality reached 52.38% in males, 23,08% in females.
Among the patients over 50 years of age, there were almost
1.5 times more women than men, whilst the mortality among
women was 2.3 times lower than that among men. Our results
approve the data of the other authors determined an old age
and male sex as poor outcome risk factors in COVID-19 [20-22].

\/Table 1: Analyzed biochemical markers and their normal reference values. >
No Biochemical parameters of blood Designation Reference values for
Men Women
1. Aspartate aminotransferases (U/L) ASAT 0-45 0-31
2. Alanine aminotransferases (U/L) ALAT 0-45 0-31
3. Bilirubin, total (umol/L) Bil_tot 3.5-21 3.5-21
4. Bilirubin, conjugated (umol/L) Bil_con 0-5 0-5
5. Glucose (mmol/L) Glucose 3.3-5.5 3.3-5.5
6. Creatinine (umol/L) Creatinine 62-115 53-97
7. Urea (mmol/L) Urea 2.5-8.3 2.5-8.3
‘/Table 2: Distribution of non-survivors by age and sex. >
Fatal outcomes in each age category of Fatal outcomes across the
Age Num.ber of patients, % entire cohort, %
group patients
men women men women
18<35 22 0 0 0 0
35<50 33 13.79 11.89 1.54 0.51
50<65 37 26.32 17.59 2.05 2.05
65<80 58 33.78 12.12 3.59 2.05
>80 45 52.38 23.08 5.13 3.08

A diagram of the correlation between some biochemical pa-
rameters of patients (195 people) and a poor outcome of the
disease was plotted (Figure 1). We have chosen biomarkers
characterizing kidneys and liver functioning (creatinine, urea,
total bilirubin, conjugated bilirubin, ASAT, ALAT, glucose).

The diagram shows that the disease mortality mostly cor-
relates with the level of creatinine (correlation coefficient
Kc=0.21). To a lesser extent, it is associated with the level of
urea (Kc=0.16), direct bilirubin (Kc=0.15) and ASAT (Kc=0.125).
It should be noted that correlation coefficients below 0.2 indi-
cate the absence of a significant relationship between param-
eters. Previously, in a similar way, we found a high correlation
of mortality from COVID-19 with the level of oxygen saturation
(Kc=-0.43) and respiratory rate (Kc=0.39) of patients [13]; these
markers are known to be among the eight predictors of the
prognostic model of the fatal outcome in COVID-19 [20]. In a
systematic review [22] high ASAT and creatinine increase were
named among 35 variables that can provide valuable prognostic
information on COVID-19 outcome. Bertsimas et al. [23] stud-
ied the data of 3,062 COVID-19 patients and determined blood
urea nitrogen (>18 mg/dL), and blood creatinine (>1.2 mg/dL)
as lethality risk factors along with decreased oxygen saturation
and elevated levels of C-reactive protein.

An increase in the level of serum creatinine and urea of pa-
tients with COVID-19 indicates kidney damage [6,7]. It was of
interest to find out how the change in these biomarkers cor-
relates with the mortality of patients from different age groups.
For this purpose, scatter plots were built (Figure 2).

Statistical analysis was performed to identify differences in
creatinine and urea levels between survivors and non-survivors
from each age group (Tables 3 and 4). Table 3 shows, that the
means of creatinine concentration of non-survivors of the 3-d,
4t 5 age categories are higher than the corresponding values
in survivors, but no significant differences were found between
these values, apparently due to the large scatter of values.
There are no significant differences in urea level between survi-
vors and non-survivors of each age group as well (Table 4). Simi-
lar results were obtained in a retrospective study conducted on
183 COVID-19 patients [24].

Our results may indicate that kidney damage in COVID-19 is
not the main, but a possible cause of death in patients, mostly
older. For such patients (over 65 years of age), creatinine and
urea at concentrations 2.5 and 2.2 times higher than normal,
respectively, can be considered markers of lethality.
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Figure 1: Diagram of correlation between biochemical markers of patients and the dis-
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Figure 2: Dependence of the disease outcome (red - deceased, green - discharged) on the
deviation of a) creatinine, b) urea level from the norm, and on the age of patients:

1-18<35; 2-35<50; 3-50<65; 4-65<80; 5->80 years old. (2a) The dependence of the dis-
ease outcome on the content of serum creatinine and the age of the patients is pre-
sented. The diagram shows that only in patients over 65 years, the level of creatinine
increased by more than 50% relative to the norm. An increase in the concentration of
creatinine by 150% (2.5 times) relative to the norm was associated with 100% mortality
of patients over 65 years of age. (2b) Shows that the level of urea 1.5 times higher than
the norm was found only in patients of older age groups (4" and 5%), as in the previous
case. Its level 2.2 times higher than the reference values was also associated with 100%

mortality in elderly patients.

The findings are consistent with other studies that show a
significant association between kidney dysfunction and the risk
of AKI or death associated with COVID-19 [17,25]. There are
some differences in the assessment of the incidence of AKI in
patients with COVID-19. Zahid et al. [26] analyzed clinical data
from 469 COVID-19 patients and identified 27.3% cases of in-
hospital AKI with 71.1% mortality. Moledina et al. [27] reported
on 30.6% of AKI incidents among 2,600 SARS-CoV-2 positive
hospitalized patients. Meta-analysis of the results of five stud-
ies, comprising 964 COVID-19 positive patients, showed that
the cumulative event rate of AKI was 7.1% (95% confidence in-
terval: 1.8%-24.5%, p<0.001, 12=92.4) [28].

It is known that the main criterion for AKI and its stages is
the amount by which the serum creatinine level increases in
48 hours [29]. In the proposed classification/staging system [29]
the criterion for stage 3 AKI, requiring renal replacement ther-

apy, is the value of serum creatinine =354 umol/L. This value is
much higher than the survival limit of older patients we have
found (287 umol/L). Thus, in COVID-19, the threshold value of
creatinine as a marker of mortality seems much lower than in
the stage 3 of AKIl. Undoubtedly, our results require verification
on a larger number of patients.

It was of interest to find out whether there are differences
in the biochemical markers of deceased and surviving patients
of different gender. To do this, we plotted matrices of pairwise
correlation coefficients separately using the data of male and
female patients (Figure 3). Matrices, in addition to the studied
biochemical parameters, include age and the poor result of the
disease (Result). The more the coefficient approaches 1, the
stronger the relationship between the variables. Pair correla-
tion coefficients below 0.2 indicate the absence of a significant
relationship between the parameters. To visualize the results,
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Table 3: Impact of creatinine concentration, as determined in patients of different ages at the time of hospital admission,
on the disease outcome.

Survivors Non-survivors
g»;\og:p Number of | Mean Creatininet S, = Maedian Creatinine, = Number of Mean Creatininet S, Median Creatinine, p
patients umol/L umol/L patients umol/L umol/L

18 <35 22 87.4+16.68 84.5 0 0 0 -
35<50 29 96.5+53.56 90.6 4 88.3+18.30 83.9 0.56
50 < 65 29 90.9+26.54 89.8 8 103.3+28.61 103.5 0.30
65 < 80 47 96.61+30.64 91.3 11 117.2+72.58 90.0 0.38

>80 29 103.5+42.96 100.4 16 131.7+61.52 123.8 0.12

Table 4: Impact of urea concentration, as determined in patients of different ages at the time of hospital admission, on the
disease outcome.

Survivors Non-survivors

Age

group Number of Mean Ureats, Median Urea, Number of Mean Ureats, Median Urea, P
patients mmol/L mmol/L patients mmol/L mmol/L

18<35 22 3.841.17 3.9 0 0 0 -
35<50 29 5.2+3.18 4.53 4 5.8+4.32 3.8 0.79
50< 65 29 5.9+2.28 5.5 8 5.7+£1.26 5.9 0.79
65<80 47 6.3+2.71 6.2 11 6.615.27 4.6 0.82

>80 29 7.8+3.73 6.9 16 8.9+5.55 5.7 0.48
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Figure 3: Matrices of pairwise correlation coefficients for a) men and b) women.
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the color effect was used: the brighter the color, the stronger
the dependence of the parameters on each other. Each figure
has a color scale.

Firstly, the matrices allow us to see the interdependent bio-
chemical markers: ALAT and ASAT (Kc=0.69 for men; Kc=0.64
for women); creatinine and urea (Kc=0.74 for men; Kc=0.51 for
women); total bilirubin and conjugated bilirubin (Kc=0.93 for
men; Kc=0.74 for women). It is noteworthy that the correlation

coefficients of these indicators in the male sample (Figure 3a)
are higher than in the female sample (Figure 3b)

Secondly, the matrices make it possible to detect indica-
tors that are most correlated with the age of patients: in men
(Figure 3a) these are urea (Kc=0.42) and creatinine (Kc=0.27),
in women (Figure 3b) — urea (Kc=0.39), glucose (Kc=0.3), total
bilirubin (Kc=0.28).
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“/ Table 5: Assessment of the significance of differences between \‘
\values of urea and creatinine in patient groups. //
Significance of differences in
Patient groups biomarkers, p
Urea Creatinine
Men and women 0.228 0.002
Surviving men and women 0.959 0.066
Non-surviving men and women 0.141 0.036
Surviving and non-surviving women 0.933 0.796
Surviving and non-surviving men 0.056 0.011

Thirdly, using the matrices, it was found that the lethal out-
come of men is most associated with age (Kc=0.34), creatinine
(Kc=0.27), urea (Kc=0.27), and conjugated bilirubin (Kc=0.21)
(Figure 4a). In women, this relationship is not observed; there
is a weak correlation of lethal outcome with the level of ASAT
(Kc=0.20) and there is practically no correlation of poor out-
come with age (Kc=0.17) (Figure 4b). Thus, the division of data
by gender of patients allowed us to identify some differences in
the course of COVID-19 pneumonia in men and women. It was
noted that an increase in creatinine and urea levels, indicating
kidney damage, is more typical for men than for women and is
associated with the advanced age of patients.

Statistical analysis was performed to identify differences in
these biomarkers between groups, differing in gender and out-
come of the disease (Table 5).

Table 5 shows that there are significant differences (p<0.05)
in creatinine level in patients from the groups: men and wom-
en; non-surviving men and women; surviving and non-surviving
men. A rather high significance of differences (p=0.056) in the
content of blood urea of surviving and non-surviving men was
found. Thus, the totality of the obtained results allows us to
propose blood biomarkers creatinine (>287 umol/L) and urea
(>18.3 mmol/L) as predictors of COVID-19 mortality only for
men over 65 years of age. These biochemical markers were not
predictive for women. It should be noted that Oussalah et al.
[17] determined the significance of urea nitrogen >0.42 g/L as a
marker associated with the risk of COVID-19 related death, this
value is equal to 14.28 mmol/L urea, which is very close to our
result. Cheng et al. [25] assessed serum creatinine level >133
umol/L as a risk factor of in-hospital death from COVID-19, that
does not contradict the results of our study.

The weak correlation of the lethal outcomes of men with the
level of conjugated bilirubin, women — with the level of ASAT,
which we found, can be considered as confirmation of the pub-
lished data that patients with abnormal liver tests (ASAT, ALAT,
bilirubin) were more likely to progress towards serious disease
[18]. Thus, changes in these biomarkers in patients with COV-
ID-19 also require the attention of physicians.

Conclusion

COVID-19 is a new viral disease with different clinical mani-
festations. In severe cases COVID-19 leads not only to lung inju-
ry, but also to dysfunction of the other organs, such as the liver,
kidneys, heart and intestines. Biomarkers play a crucial role in
early diagnosis, recognition of complications, management of
patients, predicting the outcome of the disease.

Using a mathematical analysis of retrospective data from
195 patients with COVID-19 pneumonia, we evaluated some
biochemical parameters of blood (ASAT, ALAT, bilirubin total

and conjugated, glucose, creatinine, urea) as predictors of the
disease mortality depending on the age and gender of patients.

Weak correlations of increasing creatinine and urea levels
with patient mortality were found. When comparing the male
and female cohorts, it was noted that these indicators are as-
sociated only with male mortality (Kc=0.27). Analysis by age
group determined that creatinine >287 umol/L and urea >18.3
mmol/L can be considered markers of mortality risk in men over
65 years of age. Thus, kidney damage in COVID-19 is one of the
causes of death, and the development of such a process is most
likely for older men. These biomarkers might support to identify
high mortality risk cases in the initial admission phase.

Declaration of interest: All the authors declare that they
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