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Relevance of the Study

	Despite the official declaration of the end of the pandemic, coronavirus infection (COVID-19), caused by SARS-CoV-2, continues to retain high medical, social, and clinical significance in 2024–2025. This is attributable to continued viral circulation, the emergence of new variants with increased transmissibility, a rising incidence of reinfections, and the development of long-term complications that exert sustained adverse effects on patient health [1–4].
	The COVID-19 pandemic has had a profound impact on global healthcare systems and demographic indicators. According to the World Health Organization (WHO), as of November 2025, the cumulative number of confirmed deaths associated with COVID-19 since the beginning of the pandemic exceeds 7 million worldwide [5]. High mortality rates and the substantial burden on healthcare systems necessitated a revision of clinical and organizational approaches to patient management, particularly in individuals with comorbid conditions [5].
	The clinical course of COVID-19 is characterized by marked variability, ranging from asymptomatic infection to severe and critical illness accompanied by progressive respiratory failure requiring intensive care. The greatest clinical and prognostic significance is observed in patients with comorbidities, in whom COVID-19 frequently follows a severe course. Numerous national and international studies have demonstrated that the presence of arterial hypertension, type 2 diabetes mellitus, obesity, cardiovascular and cerebrovascular diseases, chronic kidney disease, and malignancies is significantly associated with an increased risk of severe COVID-19 and mortality [6–13].
	According to contemporary systematic reviews and meta-analyses, type 2 diabetes mellitus, arterial hypertension, and obesity are reliably associated with an elevated risk of severe disease and death. In particular, in patients with diabetes, the relative risk of mortality increases by approximately 1.5–2 times compared with individuals without diabetes, while multimorbidity further amplifies the probability of adverse outcomes [14,15].
	The pathogenesis of severe COVID-19 involves viral pneumonia, activation of the systemic inflammatory response, coagulation disorders, and the development of multiple organ dysfunction [16–17]. Age plays a critical role in predicting unfavorable outcomes. According to the global systematic review by Booth et al., individuals over 70 years of age demonstrate more than a threefold increase in mortality risk (OR = 3.61; 95% CI: 2.70–4.84) [18].
	A central mechanism in severe COVID-19 is the development of a cytokine storm — an excessive immune response characterized by hypercytokinemia, systemic inflammation, and multi-organ dysfunction [18]. This process is particularly common among elderly patients and those with comorbidities; however, pronounced hypercytokinemia may also occur in individuals without underlying diseases, highlighting the universal nature of this pathogenic mechanism [19,20].
	In addition to clinical consequences, COVID-19 is associated with a substantial economic burden. The presence of comorbid conditions increases healthcare expenditures due to prolonged hospitalization, a higher need for intensive care, and the use of costly medications, including genetically engineered biological agents and antiviral drugs. Comorbidity is associated not only with increased economic costs but also with more severe clinical progression and higher mortality. According to Molochkov et al. (2020), the presence of at least one comorbid condition increased in-hospital mortality from 9.4% to 13.9%, and in cases of multimorbidity — up to 24.8% [13].
	Similar findings have been reported in other national and international studies, demonstrating that cardiovascular diseases, type 2 diabetes mellitus, obesity, chronic kidney disease, oncological disorders, and their combinations are significantly associated with severe COVID-19, intensive care unit admission, and increased mortality [21–24].
	The high clinical and prognostic risk observed in comorbid patients, the complexity of disease management, frequent transfers to intensive care units, and substantial economic costs underscore the need for comprehensive research in this population. In the Republic of Kazakhstan, there remains a limited number of studies simultaneously addressing clinical and laboratory characteristics, prognostic markers, pharmacoeconomic aspects of therapy, and the development of optimized dynamic monitoring algorithms for comorbid patients with COVID-19. This gap determines the relevance of the present dissertation research.
Research Hypothesis
It is hypothesized that in comorbid patients with COVID-19, the combination of clinical and laboratory parameters and their dynamic changes during treatment allow for the identification of independent predictors of severe disease and adverse outcomes. The integration of these prognostic factors with pharmacoeconomic analysis of therapeutic regimens provides a scientific basis for optimizing clinical and organizational approaches to patient management, including the development of dynamic outpatient monitoring algorithms.
Aim of the Study
To perform a comprehensive assessment of clinical and laboratory predictors of severe disease and adverse outcomes in comorbid patients with COVID-19, followed by pharmacoeconomic justification of etiopathogenetic therapy and the development of an optimized algorithm for dynamic outpatient follow-up.
Objectives of the Study
1. To analyze clinical and laboratory parameters in comorbid patients with COVID-19 depending on disease severity.
2. To investigate prognosis and clinical outcomes in patients with severe COVID-19.
3. To evaluate the effectiveness of different therapeutic regimens in comorbid patients with COVID-19.
4. To conduct a pharmacoeconomic evaluation of etiopathogenetic therapy, including cost analysis and calculation of relative risk (RR) of adverse outcomes.
5. To optimize a risk-based algorithm for dynamic outpatient follow-up of COVID-19 convalescents with comorbid conditions.


Object of the Study
The study included hospitalized patients with confirmed COVID-19 and concomitant pathology presenting with moderate and severe disease. Patients were enrolled at the Infectious Diseases Center of the Regional Clinical Hospital of the Karaganda Region (Republic of Kazakhstan) from January 2021 to February 2022.
Scientific Novelty
1. A comprehensive analysis of clinical and laboratory predictors of severe disease and adverse outcomes in hospitalized comorbid patients with COVID-19 was conducted, combined with a pharmacoeconomic evaluation of etiopathogenetic therapy within inpatient settings in the Republic of Kazakhstan.
2. Independent prognostic factors of adverse outcomes were identified for the first time, including the presence of cerebrovascular diseases and unfavorable dynamic changes in C-reactive protein (CRP) and lactate dehydrogenase (LDH).
3. A new prognostic model for in-hospital mortality risk in COVID-19 was developed and internally validated based on clinical and laboratory indicators, demonstrating high discriminative ability (AUC = 0.92). The model is applicable for clinical risk stratification (Copyright Certificate No. 58503 dated May 22, 2025).
4. A pharmacoeconomic evaluation of etiopathogenetic therapy was conducted for the first time in comorbid COVID-19 patients, including calculation of CER, ICER, and CUA (QALY), allowing quantitative estimation of incremental costs associated with remdesivir therapy.
5. A practical, risk-oriented algorithm for dynamic outpatient follow-up of COVID-19 convalescents with comorbid conditions was developed and implemented (Copyright Certificate No. 58505 dated May 22, 2025).
Theoretical Significance
	The results expand current understanding of the clinical and laboratory mechanisms underlying severe COVID-19 in comorbid patients and confirm the leading role of dynamic inflammatory marker changes in predicting adverse outcomes.
Practical Significance
1. The identified prognostic clinical and laboratory markers (C-reactive protein, lactate dehydrogenase, ferritin, D-dimer, and peripheral blood cell parameters) can be used for early risk stratification in comorbid patients with COVID-19.
2. The developed prognostic model of in-hospital mortality risk may be implemented in infectious disease hospitals to justify the scope and intensity of therapy.
3. The results of the pharmacoeconomic analysis provide a rationale for the rational use of etiopathogenetic therapy, including antiviral agents, under conditions of limited healthcare resources.
4. The proposed dynamic outpatient follow-up algorithm can be applied within primary healthcare settings for structured monitoring of COVID-19 convalescents and reduction of rehospitalization risk.
Statements Submitted for Defense
1. In hospitalized comorbid patients with COVID-19, independent predictors of mortality include the presence of cerebrovascular disease (OR = 4.40; 95% CI: 1.12–18.94; p = 0.037), dynamic elevation of C-reactive protein (OR = 1.016; p = 0.003), and lactate dehydrogenase (OR = 1.001; p = 0.037).
2. Based on the identified independent factors, a logistic regression model for mortality prediction was developed, demonstrating high discriminative performance (AUC = 0.92), sensitivity of 87%, and specificity of 83%, enabling stratification of patients into high- and low-risk groups.
3. Compared with patients with moderate COVID-19, those with fatal outcomes demonstrated statistically significant increases in inflammatory and coagulation markers: dynamic CRP levels were 4.86 times higher (112.08 vs 23.05 mg/L; p < 0.001), LDH levels were 2.02 times higher (616.5 vs 304.5 U/L; p < 0.001), and D-dimer levels at the end of follow-up were 5.17 times higher (1451.5 vs 281 ng/mL; p < 0.001).
4. Pharmacoeconomic analysis demonstrated that in severe COVID-19 among comorbid patients, hospital expenditures constituted the major share of direct medical costs (85.6% of total costs). The inclusion of remdesivir increased total treatment costs by 14.4% (ΔC = 97,490 KZT per patient), primarily due to drug expenses. The relative risk of mortality in the remdesivir group (RR = 3.44) reflects differences in baseline disease severity between comparison groups. These findings enable quantitative assessment of incremental costs and may inform hospital resource allocation and clinical decision-making.
5. The developed algorithm for dynamic outpatient follow-up of COVID-19 convalescents with comorbid conditions is based on objective prognostic criteria and enables early high-risk stratification as early as days 3–5 after hospital discharge. The algorithm optimizes patient routing according to clinical and laboratory dynamics, standardizes clinical decision-making, and allows timely determination of the need for reassessment, therapy intensification, or rehospitalization prior to overt clinical decompensation.
	The study was approved by the Local Bioethics Committee of Karaganda Medical University (Protocol No. 3 dated November 7, 2022).
Approval of the Dissertation Topic
The dissertation topic was approved by the Senate of the Non-Commercial Joint-Stock Company “Karaganda Medical University” (Protocol No. 4 dated November 24, 2022).
Approbation of the Dissertation. The dissertation was discussed and approved at a meeting of the Department of Infectious Diseases and Phthisiology on June 27, 2025 (Protocol No. 6).
Presentation of Study Materials
The research findings were presented at:
The II International Scientific and Practical Conference “Current Infections of the Republic of Kazakhstan and Central Asia,” Shymkent, June 16–17, 2023.
The II Kazakhstan Congress of Infectious Disease Specialists with International Participation “Infectious Diseases in the Era of Globalization: Challenges and Solutions,” Astana, October 5–6, 2023.
The International Scientific and Practical Conference “Infectious Diseases and Antimicrobial Agents,” Bukhara, October 19–20, 2023.
Author’s Contribution
The author actively participated in all stages of the dissertation research, from the analysis of domestic and international scientific literature to the interpretation of the obtained results. The research objectives and study design were developed by the author. The selection of patients’ medical records from the hospital archive (Damumed system) was carried out independently. The author personally created the electronic databases, performed the preliminary data preparation for statistical analysis, and conducted the interpretation of the results. In addition, the author contributed to the writing and preparation of scientific publications related to the dissertation research.
Implementation of Research Results
The results of the dissertation have been implemented in healthcare practice within the Karaganda Region:
1. Infectious Diseases Center of the Regional Clinical Hospital of the Karaganda Region;
2. Primary healthcare institutions responsible for post-COVID patient follow-up.
Based on the study results:
– The developed mortality risk prediction model is used for objective risk stratification and justification of ICU transfer in patients with a high probability of adverse outcomes, ensuring a standardized clinical decision-making approach.
          – The dynamic outpatient monitoring model has been integrated into primary healthcare practice for post-discharge management, facilitating early detection of clinical destabilization and reducing rehospitalization rates.
Implementation is confirmed by official acts approved by the heads of the respective medical organizations.
Publications
Five scientific papers have been published based on the dissertation research, including:
– Two articles in a Scopus-indexed journal (Q3);
– Three articles in journals recommended by the Committee for Quality Assurance in the Field of Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan.
Study Design, Materials and Methods
This study was conducted at the Infectious Diseases Center of the Regional Clinical Hospital of the Karaganda Region Health Department and included data from patients hospitalized with a confirmed diagnosis of COVID-19 between January 2021 and February 2022.
The study employed a retrospective single-center observational comparative design with the use of multivariate statistical analysis methods (Figure 1).
A sequential analysis was performed of clinical and demographic characteristics, laboratory parameters, disease course features, therapeutic regimens administered, and clinical outcomes.
The study population comprised hospitalized patients with laboratory-confirmed SARS-CoV-2 infection verified by polymerase chain reaction (PCR), in the presence of concomitant chronic comorbid conditions.
The study was conducted in accordance with the principles of the Declaration of Helsinki and the applicable regulatory requirements of the Republic of Kazakhstan.
Inclusion criteria:
– confirmed COVID-19 diagnosis;
– age ≥18 years;
– presence of one or more chronic comorbid conditions;
– hospitalization in an infectious disease facility;
– availability of complete clinical and laboratory data.
Exclusion criteria:
– absence of confirmed COVID-19;
– mild disease not requiring hospitalization;
– incomplete medical records;
– age <18 years;
– pregnancy at the time of hospitalization.
Patients were categorized into three clinical groups according to disease severity and outcome:
– moderate course (n = 108);
– severe course with favorable outcome (n = 80);
– severe course with fatal outcome (n = 48).
The analysis included demographic characteristics, comorbidity structure, length of hospitalization, respiratory insufficiency parameters (SpO₂, need for respiratory support), extent of lung involvement on CT, and dynamic changes in key inflammatory and coagulation markers (C-reactive protein [CRP], lactate dehydrogenase [LDH], D-dimer, ferritin, leukocyte profile). Laboratory parameters were assessed at admission, during hospitalization (days 4–8), and at the end of follow-up.
Statistical analysis was performed using IBM SPSS Statistics software. Due to non-normal distribution of most variables, non-parametric tests (Kruskal–Wallis, Mann–Whitney) were applied. Categorical variables were analyzed using the chi-square test and Fisher’s exact test. Independent predictors of mortality were identified using multivariate logistic regression with calculation of odds ratios (OR) and 95% confidence intervals (CI). Predictive performance was assessed using ROC analysis (AUC). Internal validation was performed using a 70/30 data split. Statistical significance was set at p < 0.05.
Additionally, a pharmacoeconomic analysis of direct medical costs was conducted from the perspective of the public healthcare system. The analysis included cost structure assessment, cost-effectiveness analysis (CER), cost-utility analysis (CUA, QALY), and calculation of incremental costs associated with the inclusion of remdesivir in the treatment regimen.
The study was approved by the Local Bioethics Committee and conducted in accordance with the principles of the Declaration of Helsinki. All data were anonymized.


Results
A total of 236 hospitalized comorbid patients with confirmed SARS-CoV-2 infection were included. The mean age was 65.7 ± 11.6 years; 44.9% had three or more chronic conditions.
Severe disease and fatal outcomes developed against a background of pronounced systemic inflammation and coagulation activation.
Compared with patients with moderate disease, the fatal outcome group demonstrated:
– a 4.86-fold increase in dynamic CRP levels (112.08 vs 23.05 mg/L; p < 0.001);
– a 2.02-fold increase in LDH (616.5 vs 304.5 U/L; p < 0.001);
– a 5.17-fold increase in D-dimer at outcome (1451.5 vs 281 ng/mL; p < 0.001);
– more pronounced lymphopenia at admission (11% vs 20%; p < 0.001).
Baseline marker levels were less prognostically significant than their dynamic changes.
Multimorbidity (≥3 chronic conditions) was present in 60.4% of patients with fatal outcomes (p = 0.032). Obesity was more frequent in the fatal group (35.4% vs 13%; p = 0.005).
Multivariate logistic regression identified the following independent predictors of mortality:
– cerebrovascular disease (OR = 4.40; 95% CI: 1.12–18.94; p = 0.037);
– dynamic increase in CRP (OR = 1.016; p = 0.003);
– dynamic increase in LDH (OR = 1.001; p = 0.037).
Based on these factors, a prognostic mortality risk model was developed with high discriminative performance (AUC = 0.92), sensitivity 87%, specificity 83% at a cut-off probability of 0.43.
Escalation of therapy reflected increasing disease severity. However, in multivariate analysis, no independent protective effect of dexamethasone, unfractionated heparin, or remdesivir on mortality was identified, as treatment was administered according to clinical indications.
The mean direct medical costs were 675,401 KZT for baseline therapy and 772,891 KZT when remdesivir was included. Incremental costs (ΔC) amounted to 97,490 KZT per patient.
Cost-effectiveness ratio (CER):
– 724,821 KZT per clinical improvement without remdesivir;
– 1,009,852 KZT with remdesivir.
Cost per QALY:
– 263,828 KZT without remdesivir;
– 368,995 KZT with remdesivir.
	  Within the framework of the study, two interrelated algorithmic solutions were developed and implemented: a prognostic model for assessing in-hospital mortality risk and a risk-oriented dynamic outpatient follow-up algorithm for COVID-19 convalescents with comorbid conditions.
 	The in-hospital prognostic model is based on independently identified clinical and laboratory predictors (presence of cerebrovascular disease, dynamic elevation of C-reactive protein, and dynamic elevation of lactate dehydrogenase) and enables quantitative estimation of an individual patient’s mortality risk. At a probability threshold of p ≥ 0.43, the patient is classified as high risk and requires intensified monitoring, repeated laboratory reassessment, and consideration for transfer to the intensive care unit. The model demonstrates high discriminative performance (AUC = 0.92), supporting its clinical applicability in infectious disease hospital settings.
At the outpatient stage, a risk-oriented dynamic monitoring algorithm was developed to prevent post-discharge clinical destabilization. The algorithm includes an initial follow-up assessment within 3–5 days after discharge, evaluation of clinical parameters (symptoms, oxygen saturation, heart rate, blood pressure), dynamic laboratory monitoring (CRP, LDH, and D-dimer when indicated), and differentiated frequency of subsequent visits according to risk level.
Three risk levels were defined:
Low risk — clinical stability and absence of laboratory marker progression;
Moderate risk — presence of one risk factor or moderate laboratory deterioration;
High risk — combination of two or more risk factors or signs of clinical worsening.
For each category, clear routing criteria were established, including indications for advanced diagnostics, therapy intensification, or rehospitalization. The algorithm standardizes clinical decision-making, enables early identification of high-risk patients, and optimizes hospital workload within the healthcare system.
The developed algorithms were registered as intellectual property and implemented in the practice of infectious disease hospitals and primary healthcare institutions, as confirmed by official implementation certificates.
Conclusions
1. It was established that in hospitalized comorbid patients with COVID-19, disease severity is significantly associated with progressive elevation of markers of systemic inflammation, coagulation, and tissue damage. In the fatal outcome group compared with patients with moderate disease, dynamic C-reactive protein levels were 4.86 times higher (p < 0.001), lactate dehydrogenase levels were 2.02 times higher (p < 0.001), and D-dimer levels at the time of outcome were 5.17 times higher (p < 0.001). More pronounced lymphopenia at admission was also observed (p <0.001).
2. Adverse outcomes in hospitalized comorbid patients with COVID-19 are determined by pronounced multimorbidity and the presence of cerebrovascular disease as clinically significant risk factors. Three or more chronic conditions were identified in 60.4% of patients with fatal outcomes compared with 41.7% and 40.0% in patients with favorable disease progression (p = 0.032), confirming the significant impact of multimorbidity on prognosis. Multivariate logistic regression demonstrated that independent predictors of mortality were cerebrovascular disease (OR = 4.40; 95% CI: 1.12–18.94; p = 0.037), dynamic elevation of C-reactive protein (OR = 1.016; p = 0.003), and dynamic elevation of lactate dehydrogenase (OR = 1.001; p = 0.037). Based on these factors, a prognostic model with high discriminative performance (AUC = 0.92), sensitivity of 87%, and specificity of 83% was developed.
3. It was demonstrated that increasing disease severity in hospitalized comorbid patients with COVID-19 was associated with statistically significant escalation of etiopathogenetic therapy. Dexamethasone was administered 1.36 times more frequently in patients with fatal outcomes compared with those with moderate disease (89.6% vs 65.7%; p = 0.001), unfractionated heparin 3.1 times more frequently (70.8% vs 23.1%; p < 0.001), and remdesivir more frequently in the fatal group (93.8% vs 76.9%; p = 0.03). Therapy escalation reflected baseline clinical severity and was prescribed according to strict clinical indications. Multivariate analysis did not demonstrate an independent protective effect of these medications on mortality risk.
4. Inclusion of remdesivir in the treatment regimen increased direct medical costs by 14.4%, corresponding to incremental expenses of 97,490 KZT per patient. The cost-effectiveness ratio was 1,009,852 KZT per clinical improvement with remdesivir and 724,821 KZT without remdesivir. The cost-utility ratio was 368,995 KZT per QALY with remdesivir and 263,828 KZT without remdesivir. The calculated relative risk of mortality in the remdesivir group (RR = 3.44) was attributable to baseline severity differences between groups and does not indicate a causal relationship between remdesivir therapy and mortality.
5. A risk-oriented dynamic outpatient monitoring algorithm for COVID-19 convalescents with comorbid conditions was developed. The algorithm provides for an initial follow-up within 3–5 days after hospital discharge and differentiated monitoring intervals (every 3–5, 7–10, or 14 days) depending on individual risk level. Implementation of the algorithm facilitates early detection of clinical destabilization and optimization of patient routing in the outpatient setting.
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