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The aim: to create a mathematical model for predicting adverse perinatal outcomes in women with COVID-19.

Materials and methods. To build a mathematical prediction model, candidate indicators were selected whose frequency significantly differed in the
groups of pregnant women with significant perinatal disorders (group O1, n=50) and without such disorders (group O2, n=150), and odds ratio (OR)
calculations were performed. To assess the significance of the indicators in points and assign threshold values, the expert evaluation method, the
Delphi method, was used.

Results. The most statistically significant indicators for predicting perinatal disorders in pregnant women with COVID-19 are laboratory indicators
associated with COVID-19, indicators of disease severity, stress, the presence of anxiety and depression, and endocrine pathology. The constructed
model (scale) for predicting perinatal disorders in pregnant women with COVID-19 includes 24 indicators and can be used in 2 stages: 1 — at the
prehospital stage and/or at the beginning of hospitalization 9 indicators), 2 — in the dynamics of the disease at the hospital stage (15 indicators). The
ease of use (scoring), as well as the established fairly high accuracy (86.7%), sensitivity (87.5%), and specificity (86.4%) of the prediction model, allow
us to recommend it for use in clinical practice.

Conclusions. The implementation of a model for predicting perinatal disorders in pregnant women with COVID-19 for the purpose of early identifi-
cation of high-risk patients, their timely hospitalization, and treatment will reduce the incidence of perinatal complications, morbidity, and mortality of
the mother and child.

The research was carried out in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Local Ethics
Committee of the institution mentioned in the paper. The informed consent of the patient was obtained for conducting the studies.

No conflict of interests was declared by the authors.
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MaremaTtnyHa Moaenb NPOrHo3yBaHHSA HECMPUAT/IMBUX NepUHaTaNIbHUX HacNiAKiB
npu COVID-19 y XiHku

P.M. Casuyk, A.C. JlegiH, O. I. XaaHosuu, T.B. KonomiiideHko, P.I. XgaHoBuy4
HaLioHansHWiA yHIBepCUTET OXOPOHW 3A0POB’A YKpaiHu imeri ['1.J1. Lynwuka, M. Knis

MerTa: CTBOPUTU MaTEMATUYHY MOAE b MPOrHO3YBaHHS HECMPUATANBIX NEpUHaTanbHUX Hacniakis npu COVID-19 y XKiHKN.

Martepianu i metoaun. [1ns NnoOyaosM MaTemMaTuyHol MOAENT NPOrHO3YBaHHA BiAIOpann NoKasHWKM-KaHaAMaaTW, 4acToTa aKMX AOCTOBIPHO
PO3PI3HANACE Y rpynax BariTH1x i3 CyTTeEBMMK NepurHatansHuMy posnaaamu (rpyna O1, n=50) Ta 6e3 Takux po3nagis (rpyna O2, n=150), nposenu
PO3PaxyHkM BiAHOWEHHS WaHCciB (BLU). [ OuiHKM 3HaUMMOCTI MOKAa3HMKIB Yy 6anax 1a Npr3Ha4YeHHs NOPOroBMxX 3Ha4eHb 38CTOCOBAHO METO/
EeKCNepTHOro ouiHioBaHHA — meToa Aensbdi.

PesynbraTtun. HaliGinbL CTaTUCTUYHO 3HAUYUMKUMI MOKA@3HKaMU NPOrHO3YBaHHS NepuHaTabHUX NopyLlleHs y BaritHux i3 COVID-19 € na6opaTtopHi
nokasHuku, acouinosaHi 3 COVID-19, NokasHWKK TAXKOCTI 3aXBOPIOBaHHA, CTPECH, HaABHICTb TPMBOIMM Ta Aenpecii, EHAOKPUHHA NaToNoris.
[To6yaoBaHa MOAENb (LWKana) NPOrHO3yBaHHA NepuHaTanbHYX NopyLleHs y BaritHux i3 COVID-19 oxonnoe 24 NOKasHMKM i MOXe 3aCTOCOBYBaTUCH
y 2 etanu: 1 — Ha gorocnitansHomy etani Ta/abo Ha noYaTky rocnitanisaui’ 9 NokasHuKIB), 2 — B AvHaMiLi nepebiry 3axBOPIOBaHHA Ha FOCMITaNnbHOMY
etani (15 nokasHuKie). [MpocToTa 3acToCyBaHHA (MiApaxyHoK 6aniB), @ TakOX BCTAHOBEHa JOCUTL BUCOKA TOYHICTb (86,7%), 4yTmnBICTb (87,5%) Ta
cneunivHiCTs (86,4%) Moaeni NPOrHO3yBaHHA AaI0Tb 3MOTY PEKOMEHAYBaTH 1T 415 3aCTOCYBAHHA Y K/TIHIYHIA NpakTuLi.

BucHoBKW. BnpoBaxeHHA MoaeNi NPOrHO3yBaHHS neprHaTanbHyxX NopyLleHs y BaritHnx i3 COVID-19 3 MeTO0 paHHbOrO BUABNEHHS NaLiEHTOK
BWCOKOIO PU3NKY, IXHBOI CBOEYACHOI rOCniTani3auil 1a NikyBaHHA, 4aCTb 3MOry 3HM3WTU YacTOTy NepuHaTasibHWX yCkNagHeHb, 3aXBOPIOBAHICTb Ta
CMEPTHICTb MaTepi Ta AUTNHN.

JlocnifkeHHs BUKOHAHO BIAMNOBIAHO A0 NPUHLKMNIB [eNbCIHCLKO! Aeknapaull. [poToKoN AOCNIAKEHHS YXBAIEHO TOKa/IbHUM ETUYHIUM KOMITETOM
3a3HauYeHol B pOOOTI yCTaHOBW. Ha NpoBeAeHHA AOCAIIKERHS OTPUMAHO IHPOPMOBAHY 3oy XKIHOK.

ABTOPY 385BNAIOTL MNPO BIACYTHICTL KOH(NIKTY IHTEpeCiB.

Kntouosi cnoBa: saritHicTs, COVID-19, nepunHatansHi NOpYLUeHHS, MPOrHO3yBaHHA, NpodinakTnka
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he physiological maternal adaptations to

pregnancy, such as expansion of blood vo-
lume, increase of insulin resistance, and immunolo-
gical changes, can unmask a latent predisposition in
a woman to cardiovascular and cardiometabolic
complications, such as pre-eclampsia, gestational
hypertension, and gestational diabetes. These com-
plications can, in turn, affect fetal development, lead-
ing to growth restriction (as for pre-eclampsia),
overgrowth (associated with gestational diabetes),
and preterm birth, often requiring medical interven-
tion and increasing the risk of stillbirth [3]. Addi-
tional viremia and inflammatory phases of
respiratory virus-related infections, such as
H1N1 influenza, and more recently COVID-19, may
further hamper maternal adaptation, inducing
a pro-coagulation state, affecting uteroplacental cir-
culation and, consequently, fetal growth [4,7,9,10].

Studies investigating COVID-19 in pregnant
women showed that pregnant women diagnosed
with COVID-19 are more likely to experience pre-
eclampsia [9], gestational hypertension [12], and
preterm birth [1,5,11].

The main finding of analysis of E. Raffetti et al. [8]
was that COVID-19 diagnosis during pregnancy was
associated with higher risk of common adverse preg-
nancy outcomes, including gestational diabetes, hy-
pertensive disorders, preterm birth and small for
gestational age, as well as rare outcomes including
very preterm, pre-eclampsia, venous thrombosis and
stillbirth (only within 14 days after COVID-19 di-
agnosis). These risks were more pronounced within
14 days of COVID-19 diagnosis and when
COVID-19 diagnosis occurred in the 3rd trimester
of pregnancy. These risks were less pronounced after
the vaccination rollout in England and Wales. There
was no evidence to suggest that COVID-19 vaccina-
tion during pregnancy was associated with higher
risks of adverse pregnancy outcomes.

The consequences of infection with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) dur-
ing pregnancy have been studied intensively. Risk fac-
tors for developing severe coronavirus disease
(COVID-19) include increasing maternal age and body
mass index (BMTI), minority ethnicity, comorbidities,
and infection in late pregnancy. SARS-CoV-2 infection
is associated with preterm delivery, pre-eclampsia, ce-
sarean delivery, and stillbirth. However, risk estimates
vary according to country, testing strategy, population,
and comparison group and, more recently, virus variant
and vaccination status [1].
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Although some researchers have attempted to
build mathematical prediction models, most of them
have focused on predicting severe COVID-19 and
Intensive Care Unit admission [2,6].

Several studies have used machine learning and
AT to predict perinatal outcomes. In particular,
a group of authors from Canada, the United States,
and Europe presented a COVID-19 predictive pipe-
line specifically for pregnant patients using a large
repository of SARS-CoV-2 data during pregnancy
[13]. The model accurately identifies those at risk of
severe disease or clinical deterioration, which is
a promising tool for the development of personalized
medicine in pregnant patients with COVID-19.
However, the authors do not provide a clear algo-
rithm for practical application.

A study of the relationship between the level of
certain minerals, immune factors, and perinatal out-
comes in women with COVID-19 conducted in Iraq
is theoretically interesting [ 14], but there are also no
recommendations for practical application.

Therefore, there is no sufficiently simple tool or
scale that could be widely used in everyday clinical
practice of perinatal care.

The aim of the study: to create a mathematical
model for predicting adverse perinatal outcomes in
women with COVID-19.

Materials and methods of the study

To build a mathematical model for predicting (risk
scale) adverse perinatal outcomes in women with
COVID-19, candidate indicators were selected, the
frequency of which significantly differed in the
groups of pregnant women with significant perinatal
disorders (group O1, n=50) and without such disor-
ders (group 02, n=150), and odds ratio (OR) calcu-
lations were performed.

All examined women underwent a general clinical
and special obstetric examination, treatment accord-
ing to the diagnostic and treatment protocols ap-
proved by the Ministry of Health of Ukraine.

To assess the significance of the indicators in
points and assign threshold values, the expert eva-
luation method, the Delphi method, was used. This
method of the group questioning is carried out in
several sequential procedures to form a group opi-
nion. The method is characterized by anonymity and
controlled feedback. The feedback is implemented as
follows: the results of each round are processed by
statistical methods and reported to the experts, the
experts present their arguments, and in the following
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Table 1
Results of calculating OR for indicators of somatic pathology of pregnant women with COVID-19
Candidate indicator P1 P2 OR 95% CI
Obesity of Il degree 24.0 93 3.07* 1.31 718
Chronic respiratory diseases 300 173 204 0.98 4.28
Gastrointestinal diseases 16.0 173 0.91 0.38 216
Diabetes mellitus 18.0 6.0 3.44" 1.28 9.23
Inflammatory diseases of the urinary system 12.0 147 079 0.30 2.08
Pathology of the cardiovascular system 20.0 10.0 2.25 0.94 539
Notes: P1, P2 — frequency of the indicator in the groups O1and O2; OR — odds ratio, 95% Cl — confidence interval; * — OR is statistically significant.
Table 2
Results of calculating the OR for COVID-19 characteristics in pregnant women at the time of hospitalization
Candidate indicator P1 P2 OR 95% CI
3rd trimester of pregnancy at the time of illness 80.0 81 3.41 1.59 7.31
Duration of symptoms of the disease before hospitalization more 520 253 319* 164 6.1
than 5 days
Fever (above 38°C) 420 18.0 3.30" 164 6.64
Cough 72.0 593 176 0.88 3.54
Headache 62.0 38.0 266" 138 515
Myalgia 280 153 215* 100 459
Difficult breathing 68.0 240 6.73* 333 13.58
Saturation less than 93% 320 18.0 214* 104 443
Change in mental status 16.0 73 2.41 0.91 6.37
Pneumonia 30.0 5.3 237" 112 5.01
Severe degree of disease 320 18.0 214* 1.04 4.43

Notes: P1, P2 — frequency of the indicator in the groups O1and O2; OR — odds ratio, 95% Cl — confidence interval, * — OR is statistically significant.

rounds, they can review them. From round to round,
the results are increasingly stable and, when they
stop changing, the survey is stopped. 4 rounds were
conducted.

10 research assistants, doctors of sciences, 7 in the
specialty «Obstetrics and Gynecology», 3 in «Neo-
natology», were involved as experts. Experts were
offered a list of candidate indicators for inclusion in
the mathematical prediction model with calculated
HRs to highlight the most mathematically and cli-
nically significant markers, assign a score to each of
them, and determine the threshold value of the sum
of points for classifying a specific patient as a high-
risk group.

The obtained data were processed by methods of
variational statistics accepted in medicine, using the
Fisher angular transformation criterion with the cal-
culation of the odds ratio (OR) with a 95% confidence
interval (95% CI), the significance level — p<0.05.

The study was approved by the Ethics Committee
of the Shupyk National Institute of Healthcare of
Ukraine. The work is a fragment of the research pro-
ject «Development of tactics for managing pregnan-
cy after influenza and other acute respiratory viral
infections». All studies were conducted after obtain-
ing informed consent from the patient.

Research results and their discussion

Among the indicators of extragenital pathology (Ta-
ble 1), the highest and statistically significant OR was
obtained for diabetes mellitus (OR=3.44; 95% CI: 1.28—
9.23, p<0.05) and obesity of the II-I11T degree (OR=3.07;
95% CI: 1.31-7.18, p<0.05). OR greater than 2 was also
found for the indicators of cardiovascular pathology
(OR=2.25) and chronic respiratory diseases
(OR=2.04), but they are not statistically significant.

The calculations demonstrated statistical significance
in predicting perinatal abnormalities of COVID-19 cha-
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Table 3
Results of calculating OR for features of the course of COVID-19 in pregnant women
Candidate indicator P1 P2 OR 95% CI
Severe disease 40.0 187 290 144 5.84
Pneumonia 48.0 220 3.27 166 6.43
Hyperthermia: 580 213 509 2.57 10.09
-more than 5 days 260 6.7 492 2.00 1210
Stay in the Intensive Care Unit: 50.0 207 3.84 1.94 758
-more than 5 days 280 1.3 3.04 137 6.75
Oxygen saturation less than 93% 520 233 3.56 1.82 6.97
Respiratory support: 56.0 200 509 2.56 1012
- more than /7 days 280 6.0 ©.09 2.44 15.20
Duration of hospitalization more than 5 days 580 26.0 3.93 2.01 768
Notes: P1, P2 — frequency of the indicator in the groups O1 and 02; OR — odds ratio, 95% Cl — confidence interval; * — OR is statistically significant
Table 4
Results of calculating OR for laboratory indicators of COVID-19 in pregnant women
Candidate indicator P1 P2 OR 95% ClI
Anemia 82.0 34.0 8.84 3.99 19.62
Platelet count less than 150 109/1 22.0 53 5.01 1.88 13.30
Leukocyte count more than 15 109/ 720 453 310 155 6.22
Lymphocyte count less than 15% 18.0 73 277 1.08 715
ALT above normal 84.0 453 6.33 278 14.40
AST above normal 80.0 440 5.09 237 10.93
Creatinine level more than 75 umol/l 16.0 33 552 172 1778
ADP-induced platelet aggregation index more than 60% 36.0 9.3 546 2.46 1213
Prothrombin index more than 120% 420 8.7 763 343 16.97
D-dimer more than 250 ng/m! 84.0 62.0 3.22 1.41 734
Von Willebrand factor more than 1.5 [U/ml 46.0 280 219 113 424
Vitamin D deficiency 84.0 68.0 2.47 1.08 567
C-reactive protein level more than 11 mg/I: 90.0 68.7 41 1.53 11.01
-2>50 50.0 80 11.50 512 25.84
Procalcitonin level >0.1 ng/ml 500 127 6.89 3.31 14.37
Interleukin-6 level >7 mg/ml: 520 15.3 5.98 2.94 1218
- 50 mg/ml and more 10.0 13 8.22 1.54 43.83

Notes: P1, P2 — frequency of the indicator in the groups O1and O2; OR — odds ratio, 95% Cl — confidence interval, * — OR is statistically significant.

racteristics in pregnant women at the time of hospitaliza-
tion (Table 2). The highest OR was obtained for short-
ness of breath (OR=6.73; 95% CI: 3.33—13.58, p<0.05)
and in order of decreasing OR: 3 trimester of pregnancy
at the time of illness (OR=3.41; 95% CI: 1.59-7.31,
p<0.05), fever above 38°C (OR=3.30; 95% CI: 1.64—
6.64, p<0.05), duration of symptoms of the disease by the
time of hospitalization more than 5 days (OR=3.19;95%
CI:1.64-6.21, p<0.05).

As for the negative impact of the further course of
COVID-19 in the pregnant women (Table 3), the
following indicators were statistically most signifi-
cant: the need for respiratory support (OR=>5.09;
95% CI: 2.56—10.12, p<0.05), especially if it lasted
more than 5 days (OR=6.09; 95% CI: 2.44—-15.20,
p<0.05), hyperthermia (OR=5.09; 95% CI 2.57—
10.09, p<0.05), duration of hospitalization more
than 5 days (OR=3.93;95% CI: 2.01-7.68, p<0.05).
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Table 5
Results of calculating OR for socio-economic indicators of pregnant women with COVID-19
Candidate indicator P1 P2 OR Cl
Residence city 440 307 178 0.92 343
Higher education 44.0 240 2.49* 127 4.87
Not in a registered marriage 56.0 293 3.07* 1.59 593
In an unregistered marriage 30.0 16.7 2.14* 102 4.50
Widow, without a partner 260 127 2.42F 1.09 5.36
Income per family member, UAH:
- less than 2000 18.0 87 231 0.92 5.80
- less than 5000 46.0 227 291 148 571
Harmful habits, including: 16.0 93 185 073 471
- drinking alcohol 10.0 33 322 0.89 1163
- smoking 14.0 73 206 075 563
Sedentary lifestyle 440 260 2.24* 115 436
Stress: 70.0 433 3.05* 154 6.06
-inthe family 340 24.0 163 0.81 3.27
- at work 220 1.3 2.21 0.95 510
- inthe family and at work 16.0 73 2.4 0.91 0.37
Notes: P1, P2 —frequency of the indicator in the groups O1 and O2; OR — odds ratio, 95% CI — confidence interval; * — OR is statistically significant.
Table 6
Results of calculating OR for anxiety and depression indicators (HADS scale)
Candidate indicator P1 P2 OR 95% ClI
Anxiety: 90.0 733 3.27 1.21 8.83
- clinically severe 300 11.3 335 1.52 737
Depression: 66.0 50.0 1.94 1.00 378
- clinically severe 28.0 73 4.91 2.06 1.74

Notes: P1, P2 — frequency of the indicator in the groups O1and O2; OR — odds ratio, 95% Cl — confidence interval;, * — OR is statistically significant.

High statistical significance in terms of predicting
perinatal outcomes was also established for laborato-
ry indicators that reflect the presence and degree of
damage to the body associated with COVID-19 in
pregnant women (Table 4). The most statistically
significant were inflammatory markers: C-reactive
protein level more than 50 mg/1 (OR=11.50;95% CI:
5.12-25.84, p<0.05), interleukin-6 level >50 mg/ml
(OR=8.22;95% CI: 1.54—43.83, p<0.05); indicators
of prothrombotic changes: prothrombin index more
than 120% (OR=7.63;95% CI: 3.43—16.97, p<0.05),
platelet level, adenosine diphosphate induced
(ADP-induced) platelet aggregation index more
than 60%; anemia (OR=8.84; 95% CI: 3.99-19.62,
p<0.05). The level of destructive processes reflects
the increase in hepatic transaminases: alanine amino-
transferase (ALT) — OR=6.33; 95% CI: 2.98—

14.40 (p<0.05) and aspartate aminotransferase
(AST) - OR=5.09;95% CI: 2.37-10.93 (p<0.05).

Among the socio-economic indicators of pregnant
women with COVID-19 (Table 5), the following can
be distinguished by their negative impact on perina-
tal outcomes: the presence of stress (OR=3.05; 95%
CI: 1.54-7.68, p<0.05) and not being in a registered
marriage (OR=3.07;95% CI: 1.59-5.93, p<0.05).

Mathematical calculations confirmed the negative
impact of anxiety and depression (according to the
Hospital Anxiety and Depression Scale — HADS) on
the course and outcomes of pregnancy with
COVID-19 (Table 6). The highest value of the OR
was obtained for clinically pronounced depression
(OR=4.91;95% CI: 2.01-7.68, p<0.05).

Thus, among the considered candidate indicators
for inclusion in the mathematical model for predict-
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Table 7

Mathematical model of the first stage of predicting
perinatal complications in pregnant women with

COVID-19
Indicator Score
3" trimester of pregnancy at the time of illness 2
Difficulty breathing 2
Fever (above 38°C) 2
Obesity of lI-lll degree 1
Diabetes mellitus 1
Stress 1
Anxiety 1
Clinically expressed depression 1
Duration o_fsympt_oms of the disease by the time 1
of hospitalization is more than 5 days
Table 8

Mathematical model of the Il stage of predicting
perinatal complications in pregnant women with

COVID-19
Indicator Score

Hyperthermia: 1

— hyperthermia for more than 5 days 1
Stay in the intensive care unit: 1
— stay in the intensive care unit for more than 1
5 days
Respiratory support: 1
— respiratory support for more than 7 days 1
Duration of hospitalization for more than 5 days 1
Anemia 2
Platelet level less than 150 109/ 2
Leukocyte level more than 15 109/I 2
ALT above normal 2
AST above normal 2
Creatinine level more than 75 pmol/l 2
Prothrombin index more than 120% 2
D-dimer more than 250 ng/ml 2
C-reactive protein level more than 11 mg/l: 2

—>50 mg/l 3
Procalcitonin level 201 ng/ml 2
Interleukin-6 level >7 mg/ml: 2

— 50 mg/ml and more 3

https://med-expert.com.ua

ing perinatal disorders in pregnant women with
COVID-19, the most statistically significant were
laboratory indicators associated with COVID-19,
indicators of disease severity, stress, the presence of
anxiety and depression, and endocrine pathology.

Based on the data obtained, a group of experts de-
veloped a two-stage model (scale) for predicting
perinatal complications in pregnant women with
COVID-19. The experts were offered a list of candi-
date indicators for inclusion in the mathematical
model of prediction with calculated OR to highlight
the most mathematically and clinically significant
markers, assign a score to each of them, and deter-
mine the threshold value of the sum of points for
classifying a particular patient as a high-risk group.

For the first stage, which can be used both at the
prehospital stage and at the beginning of hospitaliza-
tion, 9 indicators with an OR more than 3 were se-
lected, and a score was assigned to each (Table 7).

A score of 4 or more indicates a high risk of peri-
natal complications in pregnant women with
COVID-19.

At stage 2 in the dynamics of the course of the
disease, if high risk is not identified at the first stage,
the scores of indicators detected during hospitaliza-
tion are added to the resulting score (Table 8). When
the threshold of 4 points is reached, there is a high
risk of perinatal complications.

The accuracy of the prediction model was tested
on a sample of 30 pregnant women with confirmed
COVID-19 who were not included in the training
samples. Perinatal complications occurred in 8 pa-
tients, of which 7 were at high risk according to the
model (true positive result), only 1 was predicted to
be at low risk (false negative result), out of 22 wo-
men without complications, 19 were at low risk ac-
cording to the model (true negative result) and
3 were at high risk (false positive result). That is, the
prediction accuracy was 86.7%, sensitivity — 87.5%,
specificity — 86.4%.

Conclusions

The most statistically significant indicators of pre-
dicting perinatal disorders in pregnant women with
COVID-19 are laboratory indicators associated with
COVID-19, indicators of disease severity, stress, the
presence of anxiety and depression, and endocrine
pathology.

The constructed model (scale) for predicting peri-
natal disorders in pregnant women with COVID-19
includes 24 indicators and can be used in 2 stages:
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1 — at the prehospital stage and /or at the beginning
of hospitalization 9 indicators), 2 — in the dynamics
of the course of the disease at the hospital stage
(15 indicators).

Ease of use (scoring), as well as the established
fairly high accuracy (86.7%), sensitivity (87.5%),
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and specificity (86.4%) of the prediction model, al-
low us to recommend it for use in clinical practice for
the purpose of early detection of patients at high risk
of perinatal disorders with COVID-19, their timely
hospitalization and treatment.
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