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Abstract: we aimed to analyse risk prediction models and propose a new model for predicting
in-hospital death risks. Materials and methods. We conducted a retrospective case-control study,
analysing cases of hospitalisations of patients with severe and moderate COVID-19 from 2020 to 2021
(n=129). Results. We found that such factors significantly influence mortality risk: age (OR 0,866,
95% CI 0,8-0,9; p<0,001), lymphocyte absolute ratio (OR 0,000144; 95% CI 0.00000513-0.00407;
p<0,001), C-reactive protein (OR 1,2; 95% CI 1,010-1,030; p<0,001), albumin baseline (OR 0,796,
95% CI 0,661-0,959; p<0,05), minimal albumin (OR 0,716, 95% CI 0,593-0,864; p<0,001), eGFR
minimal (OR 0,951; 95% CI 0,93-0,972; p<0,001), INDEX PLRI score (OR 1,7, 95% CI 1,3-2,2;
p<0,001), PADUA score (OR 4,49; 95% CI (2,25-8,94, p<0,001), respiratory insufficiency (OR 22,6,
95% CI (7,79-65,6, p<0,001), parenchymal involvement on multisectoral computer tomography
(MSCT), % (OR 1,04, 95% CI 1,02-1,060; p<0,001), severity of lung damage on MSCT (pulmonary
parenchymal involvement) over 50% (OR 4,96, 95% CI 2,08-11,8; p<0,001), hypertension in the
medical history (OR 2,38; 95% CI 1,1-5,1; p = 0,026). Conclusion. We used models to predict the
risk of in-hospital death. The area under the curve is 0.976, with a 95% confidence interval (CI) of
0.951-1. At the threshold point, 0.366, sensitivity is 95%, and specificity is 92,6%. We created a web
version of the COVID-19 lethality calculator, which also works in Excel and could be helpful for viral
or bacterial pneumonia. The calculator is available online. We propose to focus on clinical conditions
and underlying comorbidities in decision-making despite the absence of data on the decompensation
of diabetes mellitus, as we did not find any difference in the groups in the level of HbAlc (p=0.0662).
Respiratory insufficiency could worsen progressively, so it is necessary to monitor clinical data. We
analysed the presence of hypertension, diabetes mellitus and cardiovascular diseases (ischemic heart
diseases, stroke, myocardial infarction, etc.) in medical history. We didn t focus on decompensation
for diabetes or destabilisation of heart diseases as in the pandemic, the presence of SARS-CoV-2
could rapidly influence the severe course of COVID-19, which was proved in numerous studies and
clinical recommendations. If there are enough resources, it is advisable to hospitalise patients with
noncommunicable diseases after assessment of risk before SpO2 rapid decline. In the discussable
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cases, a Calculator for evaluating underlying conditions could be used as an additional tool (the
area under the curve is 0.766, 95% CI 0.548 — 0.984). At the threshold of 0.244, sensitivity is 87,5%
and specificity — 68,8%. We suggest adding information on hospital admission criteria concerning
underlying conditions rather than age factors. As in the elderly population, we received comparable
results in risks in younger individuals with signs of metabolic syndrome or other non-communicable
diseases. Further study is necessary to assess body mass index (BMI) as in our cohort, there was
minor information on anthropological data. For a better understanding of the influence of adipose
tissue on inflammatory laboratory results, we should use international study data, focus on outcomes
assessment for the Ukrainian population, and assess risk individually.

Keywords: Health Policy; Public Health; Noncommunicable Diseases; Pneumonia; Linear
Models; Delivery of Health Care; Metabolic Syndrome.

Introduction absolute count (10*9/L) of lymphocytes (LYM),

Focusing on COVID-19 outcomes is still  biochemical blood analysis results on admission
a relevant research direction; nevertheless, (baseline): ALT, AST, their ratio, creatinine,
the pandemic has already stopped. Such maximal C-reactive protein (CRP); estimated
considerations have led to numerous studies of GFR on admission (eGFR CKD-EPI), the
previous disease results, which may help manage = maximum creatinine level (umol/L), the minimum
further healthcare emergencies. eGFR CKD-EPI, the severity of COVID-19 and

Aim degree of respiratory insufficiency. We used

The study aimed to analyse risk prediction  continuous Shapiro-Wilk normality test for
models and propose a new model for predicting  quantitative indicators, after that, we calculated
in-hospital death risks. the mean value (M), standard error (+fm) and

Materials and methods 95% confidence interval (95% CI) (in the case of

We used the statistical method, modelling, normal distribution) and the median value (Me)
and structural-logical analysis methods. We  and interquartile range (IQR) for values with non-
conducted a retrospective case-control study at  parametric distribution. We defined prevalence
KAPITAL Ltd. (Medical Centre «Universal Clinic (%) and 95% confidence interval (95% CI) for
«Oberigr), analysing cases of hospitalisations of  qualitative values. We used the Mann-Whitney
patients with severe and moderate COVID-19  test for comparing mean values in the groups for
from 2020 to 2021 (n=129). We divided patients  quantitative values, and the chi-square test (with
into two groups: discharged from the hospital  Yates’ correction) for qualitative ones. After
(hospitalized (not deceased), group 1, n=88) and  that we used logistic regression to estimate the
deceased (those who died, group 2, n=41). All  association of factorial features with further risk
patients had COVID-19 diagnosed due to PCR  assessment. We also assessed the odds ratio (OR)
tests in the presence of RNA or a rapid test for  with 95% CI. We performed all calculations for a
SARS-CoV-2 antigens (table 1). critical significance level of 0.05.

The data were processed using EZR [1]. We searched PubMed for the terms «model
Statistical analysis was conducted in R (R Core  covid-19 death in-hospital prediction». We
Team, 2023; R Foundation for Statistical tried to summarise information on the presence
Computing, Vienna, Austria). We used the of underlying clinical conditions which may
medical data from the database of medical cards  interfere with the risk of death. In our previous
of inpatients of COVID-departments. Obtained  study we proposed a methodology of assessment
data included demographical information of a personalized lethality risk index (PLRI),
(gender, age), where available — body mass index ~ which allowed us to integrate some clinical
(BMI), complaints on the admission, presence of  characteristics such as age, BMI over 30 kg/m?),
comorbidities, results of laboratory tests including  cerebrovascular events, heart diseases, presence
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of respiratory insufficiency with SpO2<92% and
typical for COVID-19 computer tomographical
pattern of parenchymal involvement (over
50%) [2]. In this paper we used results of previous
calculations and named PLRI as INDEX. For the
patients with severe hypoxemia hospitalisation to
the intensive care unit ward was organised.

We presented clinical and demographic
characteristics in the table 1.

As we can see that the group of patients were
predominantly older than in general population
(there were 914 cases of hospitalisation with
COVID-19 since late September 2020 till July
2021 (males — 503 (55%), females 411 (45%),
median age is 61 years). In 2020 19 patients
(4,83%) died in COVID-departments among 393.

ISSN 2786-6661
eISSN 2786-667X

It means that the rate of in-patient death was not
high and could be comparable with good results
of prominent European and USA centres, for
example, the mortality rate in the patient cohort
was 5.3% in USA [32].

Results

Theresults of laboratory tests and instrumental
results in the groups are presented below in
Table 2.

It should be noted that 29 patients with
diabetes mellitus were in both groups, with mean
(IQR) HbA1c 6.8% (5.9-6.9). Six of them (20.7%
(95% CI 8-39.7%) had decompensated diabetes
with HbAlc over 7.5%. There was no significant
difference between the medium level of HbAlc
in the groups (p=0.066).

Table 1. Demographic and clinical characteristics of the study population

Both groups Hospitalized Deceased
Characteristic Measures N Eg"/) P (not deceased) (n=41) N (%) p

¢ (n=88) N (%) ¢

Sex Females 73 (56.6%) 53 (60.2%) 20 (48.8%) p=0.3

Age Me (IQR) 79.1 (78-83) | 81.18 (79-84) | 74.59 (70-80) | *p<0.0001

Comorbidities Hypertension 58 (45%) 34 (38.6%) 24 (58.5%) *p=0.04

CVD 15 (11.6%) 8 (9.1%) 7 (17.1%) p=0.30

Diabetes 29 (22,5%) 16 (18,2%) 13 (31,7%) p=0.14

Malignancy 16 (12.4%) 10 (11.4%) 6 (14.6%) p=0.8

BMI, kg/m? M (sd) 28.8 (5.4) 27.6 (4.7) 31.2(6.2) p=0.12

¢GFR on admission, ml/min | M (sd) 60.1 (20.8) 60.2 (19.1) 59.9 (4.2) p=0.95

HbAlc on admission, % Me (IQR) 5.6 54 5.95 p=0.07
(4.8-6.1) (4.8-5.9) (5.1-6.5)

Prevalence of cough Absolute data, 60/46.5 44/50 16/39 p=0.33
/% (95% CI) (37.7-55.5) (39.1-60.9) (24.2-55.5)

Prevalence of dyspnoea Absolute data, 59/45.7 26/29.5 23/56.1 | *p=0.007
n/% (95% CI) (36.9-54.7) (20.3-40.2) (39.7-71.5)

Reported fever Absolute data, 97/75.2 67/76.1 30/73.2 p=0.89
n/% (95% CI) (66.8-82.4) (65.9-84.6) (57.1-85.8)

Prevalence of weakness Absolute data, 124/96.1 86/97.7 38/92.7 p=0.37
/% (95% CI) (91.2-98.7) (92-99.7) (80.1-98.5)

Diarrhoeal syndrome Absolute data, 11/8.5 8/9.1 3/7.3 p=1
/% (95% CI) (4.3-14.7) (4-17.1) (1.5-19.9)

COMORBIDY, scores Me (QI-QIII) 2.1 2.04 2.27 p=0.12
(1-3) (1-3) (2-3)

INDEX PLRI, score Me (QI-QIII) 4.4 3.98 53| *p<0.001
(3-5) (3-5) (4-6)

PADUA score Me (IQR) 3.16 (3-4) 2.97 (3-3) 3.58 (3-4) | *p<0.0001
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Table 2. Laboratory and instrumental parameters in the study groups

Hospitalized
Parameter (not deceased) Deceased (n=41) p
(n=88)
Severity of lung damage on MSCT
(pulmonary parenchymal involvement), % (95% CI) | 31.43 (15-42.5) 57.9 (40-75.8) | *p<0.001
Minimal absolute lymphocyte count,
x109/L, Me (QI-QIII) 0.7 (0.4-0.9) 0.24 (0.11-0.28) | *p<0.001
Maximal C-reactive protein level, mg/L,

Me (QI-QIII) 55.1(16.9-78.4) 129.4 (73-178.9) | *p<0.001
Ferritin, pg/L, Me (QI-QII) 479.5 (156-558) 1012 (446.5-1175) | *p<0.001
IL-6, pg/mL, Me (QI-QIII) 40.4 (9.3-43.5) 64.5(17.7-74.9) | *p<0.01
HbAlc, Me, % (95% CI) 5.4 (4.8-5.9) 5.95 (5.08-6.52) | p=0.066
Alanine aminotransferase (ALT), U/L Me (QI-QIII) 30.7 (16.6-40) 44 (20.3-41.9)| p=0.442
Aspartate transaminase (AST), U/L Me (QI-QIII) 39.3 (25.7-47.3) 59.5 (28.5-53.5)| p=0.078
AST/ALT Me (QI-QIIT) 1.4 (1.0-1.8) 1.8 (1.1-1.5)| p=0.803
Baseline albumin, g/L. M (sd) 36.5 (4.2) 32.8 (4) | *p=0.009
Minimal albumin, g/LL M (sd) 34.7 (5.1) 28.2 (3.5) | *p<0.001
Creatinine on admission, mcmol/L 94.9 (71.9-107.7) | 112.19 (73.71-124.95) | p=0.253
Maximal creatinine, mcmol/L 96.7 (75.2-112.3) | 206.72 (106.94-246.3) | *p<0.001
eGFR CKD-EPI on admission, M (sd) ml/min 60.2 (19) 59.9 (24.2) | p=0.949
Minimal eGFR CKD-EPI Me (QI-QIII), ml/min 59.8 (43.4-75.7) 36.9 (16.4-52.9) | *p<0.001

* — p<0.05 statistically significant difference between groups

Table 3. Univariate logistic regression model lethality (inpatient death) risk
Area under
. Model _— . 8 c
Factorial coefficient Significance, Odds ratio, receiver operating-

characteristic btm i p OR (95% CI) characteristic (ROC)
curve AUC (95% CI)
Lymphocytes absolute 0.000144 0.905
ratio, 10%/L -8.8424+1,73 |  0.000000208 | (0.00000513-0.00407) | (95% CI 0.844 — 0.965)
max CRP, mg/L 1,02 0.813
0.0178+0,0037 | 0.00000203325 (1,010-1,030) [(95% C1 0.735 — 0.892)
Baseline albumin, g/L 0,796 0.741
-0.23+0,095 0.01615 (0,661-0,959) | (95% CI10.572-0.91)
Min albumin, g/L 0,716 0.851
-0.33+0,096 0.000500 (0,593-0,864) | (95% CI1 0.705 — 0.997)
min eGFR, ml/min 0,951 0.773
-0.05+0,011 0.00000688 (0,93-0,972) | (95% C10.67 —0.876)
INDEX, scores 1,7 0.733
0.53+0,14 0.00011400 (1,3-2,2) | (95% CI 0.642 — 0.824)
PADUA score 4,49 0.717
1.5+0,35 0.00001948 (2,25-8,94) [ (95% CI1 0.629 — 0.804)
Respiratory 22,6 0.929
insufficiency 3.12+0,54 | 0.00000000963 (7,79-65,6) | (95% CI 0.869 — 0.988)
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Table 3. (continued)
Area under
: Model g ] c c
Factorial coefficient Significance, Odds ratio, receiver operating-
characteristic bim i p OR (95% CI) characteristic (ROC)
curve AUC (95% CI)
Severity of lung
damage on MSCT
(pulmonary parenchy- 1,04 0.785
mal involvement), % 0.043£0,0099 | 0.000018222 (1,02-1,060) | (95% CI 0.687 — 0.882)
Computer
tomographical pattern
of parenchymal invol- 4,96 0.651
vement (over 50%) 1.6+0,44 0.000295 (2,08-11,8) | (95% CI1 0.566 — 0.736)
Age, years 0,866 0.731
-0.14+0,037 0.000132 (0,805-0,933) |  (95% C10.63- 0.832)
BMI, kg/m? 0.656
0.144+0.097 0.1390 1.150951.40| (95%CI0.4-0.913)
Diabetes mellitus 0.568
0.7368+0.43 0.09 2.090.8914.9| (95% C10.485—-0.65)
Hypertension 2.380 0.607
0.8681+0.39 0.026 (1.11-5.12) [ (95% C1 0.514 — 0.699)
CVD 2.060 0.54
0.722140.56 0.194 (0.692-6.13) | (95% CI1 0.474 — 0.606)

Note: * —p<0.05 statistically significant difference between groups

We found that such factors significantly
influence mortality risk: age (OR 0,866; 95%
CI 0,8-0,9; p<0,001), lymphocyte absolute ratio
(OR 0,000144; 95% CI 0.00000513-0.00407;
p<0,001), C-reactive protein (OR 1,2; 95% CI
1,010-1,030; p<0,001), albumin baseline (OR
0,796; 95% CI 0,661-0,959; p<0,05), minimal

albumin (OR 0,716; 95% CI 0,593-0,864;
p<0,001), eGFR minimal (OR 0,951; 95%
CI 0,93-0,972; p<0,001), INDEX PLRI score
(OR1,7; 95% CI 1,3-2,2; p<0,001), PADUA
score (OR 4,49; 95% CI (2,25-8,94; p<0,001),
respiratory insufficiency (OR 22,6; 95% CI (7,79-
65,6; p<0,001), parenchymal involvement on

Table 4. Multivariate logistic regression model for lethality (inpatient death) risk
as calculator for evaluating underlying conditions

Factorial characteristic Units for numerical | Model coefficient, | Signifi- Odds ratio,
data/ or categorical data b+m cance, p OR (95% CI)

(Intercept) n/a 1.98015+6.45694 0.759 | 2320.00 (1.56-3440000

Age Continuous, years -0.08674+0.06626 0.191 0.917 (0.805-1.04)

Body mass index (BMI) Continuous, kg/m?2 0.11577+0.11549 0.316 1.12 (0.895-1.41)

Diabetes mellitus (DM) Yes 0.79701£1.06622 0.455 2.22(0.275-17.9)
No Referral

Hypertension Yes 0.54169+1.04757 | 0.605 | 172 (0.221-13.4)
No Referral

Cardio-vascular disease Yes 0.91526+1.81259| 0.614|  2.5(0.0715-87.2)

(CVD) No Referral
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CT, % (OR 1,04; 95% CI 1,02-1,060; p<0,001),
severity of lung damage on MSCT (pulmonary
parenchymal involvement) over 50% (OR 4,96;
95% CI 2,08-11,8; p<0,001), hypertension in
the medical history (OR 2,38; 95% CI 1,1-5,1;
p=0,026).

For calculating risk of in-patient death (IPD)
we can use formula:

pVSeVIPD: 1 /( 1+e-(1.98015--0.08674*X1+0.11577*X2+0.79701
*X3+O.54169*X4+0.91526*X5))
>

where X1 — age, years, X2 — body mass index
(BMI), kg/m?, X3 — diabetes mellitus (DM), yes —
1 score, X4 — hypertension, yes — 1 score, X5 —
Cardio-vascular disease (CVD), yes — 1 score.

Figure 2 presents the receiver operating-
characteristic (ROC) curve (AUC 0.766 95% CI
0.548 — 0.984).

In Germany, guidelines suggest hospitalisation
if the person has cardiovascular diseases (for
example, hypertension), diabetes mellitus, chronic
lung diseases, and obesity [3]. In Saudi Arabic
Republic it is also recommended in such cases:
«Clinical or radiological evidence of pneumonia;
age >65 years, low oxygen saturation SpO2
< 94% on room air, acute respiratory distress
syndrome (ARDS), chronic pulmonary disease,
chronic kidney disease, history of comorbidities

Figure 2. Area under receiver operating-
characteristic (ROC) curve AUC (95% CI)
AUC 0.766 95% CI1 0.548 — 0.984

ISSN 2786-6661
eISSN 2786-667X

diabetes Mellitus or/and hypertension, history of
cardiovascular disease, obesity (BMI >40), use
of biological (immunosuppressants) medications
(e.g., TNF inhibitors, interleukin inhibitors,
anti-B cell agents), history of organ transplant or
another immunosuppression disease, history of
active malignancy, other Co-illness that requires
admission» [4]. According to Table 4, we
received that an adequate model was proposed
for predicting the risk of inpatient death. The area
under the curve is 0.766, 95% CI 0.548 — 0.984.
At the point of the threshold 0.244, sensitivity
is 87,5% and specificity 68,8% (figure 2). Even
though p-values for factorial characteristics had
low significance, the model had a high sensitivity
and satisfactory specificity. We wrote a risk
assessment calculator in Excel and a web version
using JavaScript. The Calculator for evaluating
underlying conditions https://covidcalculator.
great-site.net/?i=1 (Figure 3) is proposed as
an additional tool for decision-making. We
analysed the presence of hypertension, diabetes
mellitus and cardiovascular diseases (ischemic
heart diseases, stroke, myocardial infarction,
etc.) in medical history. We didn’t focus on
decompensation for diabetes or destabilisation of
heart diseases as in the pandemic, the presence
of SARS-CoV-2 could rapidly influence the

Figure 3. Web version of COVID-19 death risk
calculator (Calculator for evaluating underlying
conditions)
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severe course of COVID-19 which was proved in
numerous studies and clinical recommendations.

As an additional tool, we propose to assess
age, body mass index, and underlying health
conditions such as diabetes, hypertension, and
CVD in medical history. Hospitalisation could
be suggested if the person receives a positive
answer with a high score. We also found that
adding information on the severity of respiratory
insufficiency (1, 2, or 3) and absolute lymphocyte
rate and CRP could be useful for predicting the
risk of death (Table 5).

We wrote a web-version of COVID-19
Lethality Risk Calculator covidcalcl.freesite.
online. The calculator also works in Excel.
The area under the curve is 0.976, with a 95%
confidence interval (CI) of 0.951 — 1. At the
threshold point, 0.366, sensitivity is 95% and
specificity is 92,6% (Figure 4). There was a high
opportunity for death, but the patient could be
treated, and the clinical situation could change as
a laboratory parameter of inflammation. That is
why the calculator could be used with dynamically
changed characteristics as an additional tool
for clinicians in decision-making. We found the
positive influence of respiratory insufficiency and
CRP, while lymphocytes were influenced in the
opposite direction. The lower rate of lymphocytes
the higher the risk, which could be explained as a
condition of immunodeficiency.

For calculating risk of in-patient death (IPD)
we can use formula:

PV SeVIPD=1/(1+¢--6237647+2.792388*X -
4.670305*X2+04015773*X3)),

where X1 — respiratory insufficiency (1, 2 or 3),

X2 — absolute lymphocyte rate, 10°L, X3 —

C-reactive protein, mg/L.

ISSN 2786-6661
eISSN 2786-667X

Figure 4. Area under receiver operating-
characteristic (ROC) curve AUC (95% CI) 0.976
95% C10.951 -1

The formula could be implemented in R and
Python as well. For example, in R, it looks like a
script, while respiratory insufficiency is 2, CRP
130 mg/L and LYM 0.89: «RI <- ¢(2); CRP
<< ¢(130); LYM<< ¢(0.89); df=data.frame (RI,
CRP, LYM); print(1/1+exp(-predict(GLM.1,
df))))». The estimated risk is low (figure 5).
The same calculation is presented in Excel
(figure 6).

The tool’s diagnostic accuracy is high at
93,5% (95% CI 87,1-97,4%), with sensitivity
of 95% (95% CI 83,1-99,4%), specificity
of 92,6% (95% CI 83,7-97,6%), positive
predictive value of 88,4% (95% CI 74,9-
96,1%), and negative predictive value of 96,9%
(95% CI 89,3-99.,6).

Table 5. Multivariate logistic regression model for inpatient death risk assessment

Factorial Units for numerical data/| Model coefficient, Significance, Odds ratio, OR
characteristic or categorical data b+m p (95% CI)

(Intercept) 0.002

n/a -6.237647+2.100308 0.00298 | (0.000032-0.12)

Respiratory 16.3

insufficiency I,20r3 2.792388+0.644297 0.0000146 (4.6-57.7)

LYM 0.00937

Continuous, 10%/L -4.670305+1.906489 0.01430 (0.0002-0.39)

CRP Continuous, mg/L 0.015773+0.006587 0.01665 1.02 (1.0-1.03)
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Figure 5. Calculator in web-version
(COVID-19 Lethality Risk Calculator
https://covidcalcl.great-site.net/?i=1).

Discussions

We studied the elderly population mainly,
and there was no significant difference in the
symptoms on admission between the groups
except dyspnoea (p=0.00697). We focused
on the relationship between COVID-19 and
patients with diabetes and/or obesity, exploring
the associated risks, outcomes, and management
strategies in depth.

Our study contributes to the growing body
of research on risk prediction models for in-
hospital death among COVID-19 patients. The
developed COVID-19 Lethality Risk Calculator
demonstrates high predictive accuracy, with an
AUC of 0.976, sensitivity of 95%, and specificity
of 92.6%. Given these performance metrics,
our tool has the potential to assist clinicians in
stratifying patient risk and optimizing resource
allocation.

The calculator can be integrated into daily
clinical practice for early risk assessment of
COVID-19 patients upon hospital admission. By
providing an individualized mortality risk score,
it enables healthcare professionals to make more
informed decisions regarding hospitalization,
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intensive care unit (ICU) admission, and early
interventions. Our findings support the use
of dynamic monitoring, particularly in cases
of respiratory insufficiency, to guide patient
management. Additionally, we propose that the
tool be adapted for other infectious diseases,
including bacterial and viral pneumonia,
where similar risk factors contribute to adverse
outcomes.

In cases of sepsis or pneumonia, where
rapid clinical deterioration is common, our
model may provide an advantage over standard
scoring systems by incorporating key laboratory
and clinical parameters such as respiratory
insufficiency, lymphocyte count, and C-reactive
protein levels. This allows for real-time updates
in prognosis based on patient condition changes.
Future studies should focus on implementing the
calculator in hospital settings and evaluating its
impact on clinical outcomes.

Strélin et al. reported results of COVID-19
hospitalization with one of the lowest mortality
rates, showing a trend in the decline of mortality
from the nationwide observational cohort study;
they used the Charlson Comorbidity Index (CCI)
for the assessment of comorbidities during the last
5 years [9]. According to Israel et al., modelling
is a valuable tool for predicting the risks of
death [5]. Krzanowska et al. studied acute kidney
injury and proposed a calculator for its prediction
in a Polish study [7]. Popescu et al. developed
prediction models for COVID-19 outcomes
in a Romanian study [8]. Machine learning
approaches have also been explored, with studies
such as the CRACoV-AKI model in Poland and
the COVID-19 outcome prediction models in
Romania, both of which utilized electronic health
records and artificial intelligence [7, 8]. While
these models offer robust predictive power, their
clinical applicability in resource-limited settings
remains a challenge. Our calculator, in contrast, is
designedtobeaccessible and interpretable, making
it practical for frontline healthcare professionals

Figure 6. Calculator COVID-19 death risk prognosis in Excel
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in Ukraine and other similar settings. We also
calculated an upgraded predicting model adding
IL-6 to the lymphocytes, CRP, and respiratory
insufficiency (area under the curve 0.974 95%
CI 0.948 — 1), but it has limitations caused by its
price and checking in dynamic is not available in
smaller regional hospitals.

The difference in hypoxemia in patients
was standardised by appropriate oxygen
supply. According to the research data from
the Switzerland, «in the absence of dyspnea
and/or confusion, a SpO. cutoff up to 85% for
ICU admission was not burdened by negative
outcomesy, but for «the SpO2 cutoff of 92%, as
a threshold for ICU admission, needs critical re-
evaluation» [10].

The hospitalization criteria used in different
countries also provide a useful comparison.
Germany and Saudi Arabia recommend hospital
admission for patients with cardiovascular
diseases, diabetes, and chronic pulmonary
conditions [3, 4]. Our model aligns with these
guidelines but further emphasizes the impor-
tance of individualized risk assessment rather
than age-based cutoffs, as younger patients with
metabolic syndrome and comorbidities exhi-
bited comparable mortality risks to elderly
individuals [6].

We proposed our tool for Ukrainian clinicians,
which could be easily interpreted in a web
version or Excel. Future research should focus on
these areas to develop more effective prevention
and treatment strategies for COVID-19 in
patients with diabetes and obesity. Public health
initiatives should also prioritize metabolic health
improvement as a key component of pandemic
preparedness and response.

Despite the strengths of our model, some
limitations must be acknowledged. First, further
validation on a larger multi-center cohort is
required. Second, the lack of comprehensive
anthropometric data limited our ability to fully
assess the role of BMI and adipose tissue in
COVID-19 severity. Third, while the calculator
demonstrates high sensitivity and specificity, it
should be used as an adjunct to clinical judgment
rather than a sole decision-making tool.

Future studies should explore the integration
of machine learning techniques to refine predictive
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accuracy and assess long-term outcomes in post-
COVID-19 patients. Additionally, expanding the
model to include markers of metabolic instability
(e.g., HbAlc trends, inflammatory cytokines)
may enhance its utility in predicting deterioration
in patients with diabetes and obesity.

The calculator can be integrated into daily
clinical practice for early risk assessment of
COVID-19 patients upon hospital admission. By
providing an individualized mortality risk score,
it enables healthcare professionals to make more
informed decisions regarding hospitalization,
ICU admission, and early interventions. Dynamic
monitoring is particularly important, especially
for patients with progressing respiratory insuffi-
ciency (RI). Previous studies have shown that
persistent hypoxemia and elevated inflammatory
markers are associated with worsening outcomes
in hospitalized COVID-19 patients [12].

Several international models have been
developed to predict COVID-19 outcomes,
including the Charlson Comorbidity Index
(CCI), qSOFA (quick Sequential Organ Failure
Assessment), and COVID-GRAM [9, 12, 13].

Our model differs by emphasizing dynamic
laboratory markers and respiratory status rather
than a purely comorbidity-based approach.

In cases of sepsis and pneumonia, where
rapid clinical deterioration is common, our
model provides an advantage over standard
scoring systems by integrating real-time updates
in prognosis based on respiratory and laboratory
data. Traditional scores like SOFA (Sepsis-related
Organ Failure Assessment) and CURB-65 (for
pneumonia) have been widely used [11, 12],
but they often do not include markers such as
C-reactive protein (CRP) or lymphocyte count.
The addition of these parameters improves
the ability to detect progressive deterioration
in patients. In another study, we proposed
several additional tools for acute kidney injury
risk assessment (based on lymphocytes, CRP,
respiratory insufficiency and Padua score), but it
1s worth discussing in a separate article.

Ukrainian researchers Matskevych V et al.
reported the results of death risk assessment based
on durations of mechanical ventilation and face-
mask support (the sensitivity 68.3%, specificity
87.5%, 78.0% and 71.9%, respectively) [11].

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)

http://mmj.nmuofficial.com

105


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

UKkrainian Scientific Medical Youth Journal

Issue 1 (152), 2025

Creative Commons «Attribution» 4.0

Table 6. Predicting models in COVID-19 outcomes
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Author |Country rl;);?lfi;f g(?lllgi,t Outcomes Variables ?VI[JO((:i;f
Israel A, Israel Retrospective |N = 101,039 | Development Patient risk factors, AUC =0.889
et al. Cohort Study of a COVID-19 |vaccination status
(2022) [4] severity

calculator
Krzanowska |Poland |Retrospective [N =4630 AKI in History of kidney AUC =0.798
et al. Cohort Study hospitalized disease (prior acute
(2024) [7] patients with or prevalent CKD,
COVID 19 status post kidney
transplantation),
hypertension,
circulatory failure
and / or need for
respiratory support,
selected, raised PCT,
altered neutrophil
count, and / or
elevated myoglobin
levels)
Popescu IM, | Romania | Retrospective |N =483 Prediction Clinical parameters, |AUC =0.845
et al. Cohort Study |patients; models for laboratory findings
(2023) [8] Mean COVID-19 (age, absolute
age: Not outcomes in neutrophil count,
specified resource-limited | and CRP)
hospitals
Matskevych |Ukraine |Retrospective [N =41; Morphological |Lung tissue Not specified
V, et al. Cohort Study |Patients on |prediction of structural changes,
(2023) [13] respiratory |lethal outcomes |histopathology
support
Knight M, |UK National N=427; Outcomes Demographics, Not specified
et al. Cohort Study |Pregnant in pregnant clinical features,
(2020) [14] women with | women with pregnancy outcomes
COVID-19 |COVID-19
Liang W, China Retrospective | N =1590; |Risk score Age, comorbidities, |AUC =0.88
et al. Cohort Study |Mean age: |for predicting |clinical symptoms,
(2020) [15] 48.9 years |critical illness |lab tests
Stoeckle K, |USA Retrospective |N = Not Association of | CRP, ferritin, Not specified
et al. Cohort Study |specified; inflammatory | D-dimer levels
(2022) [16] COVID-19 |markers with
patients on | outcomes
remdesivir
Garrafa E, |Italy Retrospective |N =1000; |Early prediction | Age, blood analyses, |AUC =0.91
et al. Cohort Study |Mean age: |of in-hospital chest X-ray score;
(2021) [17] Not death Machine learning
specified model
Hippisley- |UK Prospective |N=6.9 Risk prediction | Demographics, Not specified
Cox J, Cohort Study |million; after COVID-19 | clinical risk factors,
et al. Vaccinated |vaccination vaccination status
(2021) [18] adults
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Table 6. (continued)

Author |Country g?l;;f g;ﬁﬂit Outcomes Variables ‘?\}[JO%Sf
ZhuY, etal. |[China |Retrospective |N = Not Prediction Comorbidity index, |Not specified
(2023) [19] Cohort Study |specified model based on |demographics

Hospitalized | comorbidities
COVID-19
patients
Ma X, etal. |China |Retrospective |N = 523; Death Clinical symptoms, |AUC=0.92
(2020) [20] Cohort Study |Mean prediction lab findings,
age: Not model comorbidities
specified
Abdol- Iran Case-Control |N = 630; In-hospital Demographics, Not
lahpour I, Study Cases: 210; |mortality clinical features, lab | specified
et al. Controls: prediction data
(2021) [21] 420
Tang CY, USA/ Review N=4471 Overview of Various models and | Not
et al. China  |Article COVID-19 variables applicable
[22] prediction
models
Tanboga IH, | Turkey |Retrospective |N =1500; |Probability of |Clinical parameters, |AUC=0.79
et al. Cohort Study |Mean age: |death estimation |lab findings
(2021) [23] 56 years
Deschepper |Belgium |Retrospective |N = 222 Hospital Patient flow data, Not
M, et al. Observational bed capacity admission/discharge |applicable
(2021) [24] prediction rates
Hiraga K, Japan Retrospective |N = 8288; | Prediction of in- | Electronic healthcare | AUC 0.88
et al. Cohort Study | Patients hospital deaths |data, clinical and lab
(2023) [25] with parameters
COVID-19
Estiri H, USA Retrospective | N = Not Individualized |Machine learning AUC 0.91
et al. Cohort Study |specified; adverse model, healthcare
(2021) [26] COVID-19 |outcomes data
patients prediction
Natanov D, |USA/ Retrospective |N = 969; Prognosis Platelet count, lactate, | AUC 0.808
et al. Israel Cohort Study |Hospitalized | prediction based | age, blood urea
(2023) [27] COVID-19 |on early status |nitrogen, aspartate
patients (intensive care |aminotransferase,
unit admission, |and C-reactive
intubation, or | protein (PLABAC)
death) and platelet count, red
blood cell distribution
width, age, blood
urea nitrogen, lactate,
and eosinophil count
(PRABLE)
Schiaffino S, | Italy Retrospective [N =552 Outcome CT-derived muscle Not specified
et al. Cohort Study prediction using | metrics, clinical
(2021) [28] chest muscle parameters
metrics
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Table 6. (continued)

Author |Country ]gtll);;f g;;llgi,t Outcomes Variables ‘?\}[J()i;f
Gavelli F, |Italy Retrospective |N = 480; Clinical stability | Demographics, Not specified
et al. Cohort Study |COVID-19 |and in-hospital |clinical features,

(2021) [29] patients mortality lab data
prediction
(Novara
COVID score)
Vaid A, USA Retrospective |N = 6093 Acute dialysis | Clinical parameters, |Not specified
et al. Cohort Study |patients; requirement and | lab findings,
(2021) [30] Mean death prediction | comorbidities
age: Not predicting
specified treatment with
dialysis or death
at various time
horizons (1, 3,
5, and 7 days)
after hospital
admission
Shen Q, China  |Retrospective [N =4711; |Mortality risk |Hospital admission | Not specified
et al. Cohort Study |COVID-19 |prediction data (mean arterial
(2023) [31] patients pressures, ages,
C-reactive protein
tests’ values, values
of blood urea nitrogen
and their clinical
troponin values)
Booth AL, |USA Retrospective |N = 398; Prognostic Machine learning, AUC 0.93
et al. Cohort Study |COVID-19 |model for laboratory data (CRP,
(2021) [32] patients (43 |mortality blood urea nitrogen,
expired and serum calcium, serum
355 non- albumin, and lactic
expired) acid)
Antonyuk O, |Ukraine |Retrospective |N =129, In-hospital CRP, lymphocytes, AUC 0.976
Stavyskyi O. Cohort Study |mean age  |death in respiratory
79.1 (78-83) | COVID-19 insufficiency

We should think about the risk of bacterial
superinfection and sepsis in such patient cohorts,
which was based on autopsy data as well. In our
study, we did not focus on the terms of respiratory
support, but studying its influence on AKI risk
did not find a significant difference.
Furthermore, ourrisk calculator canbe adapted
for other infectious diseases, including bacterial
pneumonia, influenza, and emerging respiratory
infections, by modifying predictor variables
based on evolving evidence. Prospective studies
should assess its role in other viral pneumonia,

such as HIN1 or RSV, to determine its broader
applicability.

Conclusions

We used models to predict the risk of death.
The area under the curve is 0.976, with a 95%
confidence interval (CI) of 0.951 — 1. At the
threshold point, 0.366, sensitivity is 95%, and
specificity is 92.6%. We created a web version
of the COVID-19 lethality calculator, which also
works in Excel and could be useful for viral or
bacterial pneumonia. We propose to focus on
clinical conditions and underlying comorbidities
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in decision-making despite the absence of data on
the decompensation of diabetes mellitus, as there
was no significant difference in the level of HbAlc
in the studied groups (p=0.0662). Respiratory
insufficiency could worsen progressively, so it is
necessary to monitor clinical data. We analyzed the
presence of hypertension, diabetes mellitus, and
cardiovascular diseases (ischemic heart diseases,
stroke, myocardial infarction, etc.) in medical
history. We didn’t focus on decompensation for
diabetes or destabilization of heart diseases as
in the pandemic, the presence of SARS-CoV-2
could rapidly influence the severe course of
COVID-19, which was proved in numerous
studies and clinical recommendations. If there are
enough resources, it is advisable to hospitalize
patients with noncommunicable diseases after
assessment of risk before SpO2 rapid decline. In
the discussable cases, a calculator for evaluating
underlying conditions could be used as an
additional tool (the area under the curve is 0.766,
95% CI1 0.548 — 0.984). At the threshold of 0.244,
sensitivity is 87.5%, and specificity 68.8%. We
suggest adding information on hospital admission
criteria concerning underlying conditions rather
than age factors. As in the elderly population, we
received comparable results in risks in younger
individuals with signs of metabolic syndrome
or other non-communicable diseases. Further
study is necessary to assess BMI as in our cohort,
there was minor information on anthropological
data. For a better understanding of the influence
of adipose tissue on inflammatory laboratory
results, we should use international study data,
focus on outcomes assessment for the Ukrainian
population, and assess risk individually.

We suggest hospitalisation in patients
with pneumonia with any signs of respiratory
insufficiency in a group of risks, including
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social indications (military servicemen, patients
with severe underlying conditions or from the
social settings (homes for elderlies, passionate
or other social facilities) as early as possible.
This principle has already been implemented in
the Donetsk region in the Armed Forces since
February 2023, when the author participated in
evacuating combatants from Role 1-2 hospitals to
Role 3. According to the analysis of pneumonia
cases to improve health care quality, the Medical
Command decided to implement obligatory
urgent hospitalisation in the Military Medical
Centres without postponement. Severe risks
of rapid worsening of respiratory insufficiency
could explain this decision.

Ethical issues. On the first day of hospita-
lisation, all patients agreed to use personal
data, and the Bogomolets National Medical
University’s Ethical Committee proved the study.
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IIporHocTu4Hi MoaeJs1i pU3HKY BHYTPIlIHbOJIKAPHAHOI CMEPTHOCTI
Bix COVID-19 y 3aki1aiax 0XOpoOHH 310POB’si
SIK 10AATKOBHMI IHCTPYMEHT AJIsl IPUAHATTS pPillIeHb

AnToniok Oaenal, CraBucbkuii Onekciii?

ACHCTEHT Kadeapu TpoMaIChbKOro 310poB’ s HamioHamsHOr0 MEIMYHOTO YHIBEPCUTETY
imeHi O.0.boroMounblIis, JIiKap-TeparneBT, eHIOKPUHOJIOT, Hedposor MeTuaHOTo

HEeHTpy « YHiBepcaibHa KiiHika «O0epir», opAnHATOp KIIIHIKM TeMaToIorii

(3 manmaramu AJ1s IHTCHCUBHOT Ta XimioTeparnii) HaioHansHOTO BiiCHKOBOTO MEAMYHOTO
KJIiHIYHOTO LeHTpY «[0oBHMI BiiicbKOBHH KITIHIYHUHN rocmiTanby, Kuis, Ykpaina.

2 yuens Jlinero iHpopmariitHux TexHonorii, Onekcanapis, Kipoorpaacbka obnacts, Ykpaina
Adress for correspondence:
Antonyuk Olena

e-mail: lena.nmu@gmail.com

Anomauisn: MmumanuHameminpoananizy8amumooeni Npo2HO3Y8aAHHAPUIUKIE M A 3aNPONOHY8aAmu
HOBY MoOenb OJisl NPOSHO3Y8AHHS PUBUKIE cocnimanvHoi cmepmi. Mamepianu ma memoou. Mu
npoeenu pempocnekmugHe 00caioxcents eunadoxk-koumponvy TOB « KAIIITAJD» (Meouunuii yenmp
«Vuisepcanvna xkninika « Obepiey), wo ananizye UnaoKu coCRimanizayii NAYieHmMis 3 8adCKUM ma
nomipuum nepeoicom COVID-19 3 2020 no 2021 pix (n=129). Pezynomamu. Bcmanosneno, wo
HA pU3UK CMepmHOCmi Cymmeeo enausarome maxi gpaxmopu. eix (BLL 0,866, 95% /I 0,58-0,9;
p<0,001), abconromue cnigsionowenus nimgpoyumis (BLL 0,000144; 95% I 0,00000513-0,00407;
p<0,001), C-peaxmusnuii 6inox (BLL 1,2; 95% JI 1,010-1,030; p<0,001), arvb6ymin 6uxioHuti
(BLL 0,796, 95% /I 0,661-0,959; p<0,05), minimanvuuil arwoymin (BLL 0,716, 95% JI 0,593-
0,864; p<0,001), minimanoruii pisenv eGFR (BLL 0,951, 95% I 0,972; p<0,001), oyinka INDEX
PLRI (BLI 1,7; 95% [I 1,3-2,2; p<0,001), oyinka 3a wikanoro PADUA (BLL 4,49; 95% JII (,25-
8,94; p<0,001), ouxanena neoocmamuicms (BLL 22,6, 95% JII (7,79-65,6;, p<0,001), ypascenus
napenuximu na MCKT, % (BLL 1,04; 95% /I 1,02-1,060; p<0,001), masxckicme ypaxceHHs e2eHb
na MCKT (ypaowcenns necenesoi napenximu) nonao 50% (BLL 4,96, 95% JII 2,08-11,8; p<0,001),
einepmonis 6 anamuesi (BLL 2,38, 95% A1 1,1-5,1; p = 0,026).

Bucnosox. Mu euxopucmogyganu mooeni O0Jisi NPOSHO3V8AHHs pusuky cmepmi. Ilnowa nio
Kpuesoto oopisnioe 0,976, npu 95% oosipuomy inmepsani (/1) 0,951 — 1. ¥V nopozosiii mouyi 0,366,
uymaugicms cmanosums 95%, a cneyughiunicmo — 92,6%. Mu cmeopunu 6e6-6epcito KanvKyiamopa
nemanvuocmi COVID-19, axuii maxoowc npayroe 6 Excel i mooice Oymu kopucHum npu 8ipycHiti abo
baxkmepianvhi nneemonii. Kanvkynamop oocmynnuii 6 Inmepnemi. Mu npononyemo 30cepeoumucs
HA KAIHIYHUX CMAHAX Ma CYNYMHIX 3aX60PIOSAHHAX NPU NPUUHAMMI pilleHb U000 OOYLIbHOCMI
eocnimanizayii, He38axcaroyu Ha GIOCYMHICMb OAHUX WO000 OeKOMNeHCayii YyKpoeoz2o diabemy,
OCKLIbKU MU He 8usisuIu pizHuyi 6 epynax 3a pienem HbAlc (p=0,0662). [Juxanvna neoocmamuicmo
MOdice NO2IPuLy8amucs npozpecyrode, momy HeoOXioHo KOHMpONO8amu KaiHiuHi Oani. B anammuesi
MU NPOAHANIZY8ANU HAABHICMb 2INEPMOHIYHOI X80pobuU, YYKp06020 diabemy ma cepyeo-cyOUHHUX
3aX60pP10BAHD (iuleMiuna Xeopooba cepys, iHCyIbm, iHgpapkm miokapoa ma ix.). Mu ne akyenmyesanu
yeazcy Ha dekomneucayii diabemy uu decmadinizayii cepyesux 3ax60pro6amHb, OCKIIbKU 8 YMOBAX
nanoemii nasagnicmo SARS-CoV-2 moena weuoxo enaunymu na eadxckuii nepedie COVID-19, wo
0y10 006€0eHO YUCTEHHUMU OOCNIONCEHHAMU MA KAIHIYHUMU peKomeHOayiamu. 3a HasaeHOCmi
doCcmammix pecypcié 0oyiibHO 20CNIMAni3y8amu NAYicHmMie 3 HeiHeKYiHUMU 3aX60PIOBAHHAMU

Ukrainian scientific medical youth journal, 2025, Issue 1 (152)

http://mmj.nmuofficial.com

112


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
mailto:lena.nmu%40gmail.com%20?subject=

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 1 (152), 2025 eISSN 2786-667X

Creative Commons «Attribution» 4.0

Nicas OYIHKU pU3UKY 00 weuoKko2o 3nuxcenns SpO2. ¥V obeosoprosanux eunaokax Kanvkyismop o
OYIHKU CYNYMHIX 3AX80PI0GAHL MOJCe OYMuU GUKOPUCTAHUL IK 000AMKOSUIL ITHCmpymMerm (niowa
nio ROC kpusoro 0.766, 95% JII 0.548 — 0.984. B mouyi siocikanus 0.244, wymaueicms cmanoeumo
87,5% i cneyughiunicms 68,8%. Mu npononyemo dooamu inghopmayiro npo kpumepii cocnimanizayii
U000 OCHOBHUX 3AXBOPI0BAHD, A He 8IKOBUX pakmopie. AK i y 1t00ell NOXUN020 iKY, MU OMPUMATU
NOPIBHAHHI pe3YIbMmamu w000 PU3UKIE Y MOLOOWUX OCIO 3 0O3HAKAMU MEMADONIYHO20 CUHOPOMY A0
iHwux Heingexyitnux 3axeoprosans. s oyinku IMT HeobXiOHi nodanvbuli 00Ci0NHCEHHA, OCKINbKU
6 Hawiill Koeopmi Oy1a He3Ha4Ha iHpopmayis npo aHmponono2iuni 0awi. s Kpawoco po3ymiHHsL
BNIUBY HCUPOBOI MKAHUHU HA Pe3VIbMamu 3andibHux 1a0opamopiil ciio 6UKOPUCMO8Y8amu OaHi
MIHCHAPOOHUX OO0CHI0NCEHD, 30CepeOUmuUcs Ha OYiHYi pe3yibmamie OJisl HAcelenHs Yxpainu ma
OYIHI08AMU PUUK THOUBIOYATILHO.

Kuo4oBi ciioBa: mosiiTHKa B OXOPOHI 37I0pOB’ s, TPOMAJIChKE 3/10pOB’ s, HEIH(MEKIiHHI XpOHIYH1
3aXBOPIOBaHHs, THEBMOHIS, JIIHIWHI MOJIEN, HaIaHHS MEIUYHOI JOITOMOTH, METa0OIIYHUN CHHAPOM.
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