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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Post-COVID syndrome (PCS) remains a 

significant challenge in modern medicine due to its diverse 
clinical manifestations and long-term impact on patients' health. 
Identifying risk factors and biomarkers associated with PCS can 
facilitate early diagnosis and improve patient management.

Objective: This study aimed to assess the prevalence, 
diagnostic markers and clinical characteristics of post-COVID 
syndrome (PCS) in the Abay region. Methods: A retrospective-
prospective cohort study was conducted among 639 individuals 
who had recovered from COVID-19. Participants were divided 
into two groups: those with PCS (n=300) and those without 
(n=339). Clinical and demographic data, laboratory biomarkers, 
and vaccination history were analyzed. Statistical analyses, 
including logistic regression, were applied to identify key risk 
factors and clinical subtypes of PCS.

Results: The prevalence of PCS was 47%, with significant 
differences observed between groups regarding comorbid 
conditions, and laboratory biomarkers. PCS patients had a 
higher incidence of hypertension (47% vs. 23.5%, p=0.003) and 
diabetes mellitus (10.3% vs. 6.7%, p=0.032). Elevated alkaline 
phosphatase (ALP) levels were associated with PCS (p=0.004), 
whereas hematocrit (HCT) and immunoglobulin G (IgG) levels 
were lower in PCS patients. Cluster analysis identified four 
distinct clinical phenotypes, emphasizing the heterogeneity of 
PCS manifestations. Vaccination status showed a significant 
inverse correlation with PCS incidence (p=0.002), suggesting a 
protective effect of higher vaccine doses. 

Conclusion: PCS presents with a broad spectrum of 
symptoms, necessitating a multidisciplinary approach for 
optimal patient management. Identified biomarkers, including 
ALP, HCT, and IgG, may serve as potential indicators for 
PCS diagnosis. Vaccination ap-pears to reduce PCS risk, 
highlighting the importance of immunization in mitigating 
long-term COVID-19 complications. These findings contribute 
to a better understanding of PCS pathophysiology and provide 
a foundation for future research and personalized treatment 
strategies.

Key words. Post-COVID syndrome, long COVID, biomarkers, 
vaccination, inflammation, alkaline phosphatase, hematocrit, 
immunoglobulin G, comorbidities, multidisciplinary approach.
Introduction.

The coronavirus disease (COVID-19) has spread globally, 
leading to a worldwide pandemic. The epidemiological 
landscape of COVID-19, both nationally and internationally, 
continues to evolve. As of April 10, 2021, updated data for the 
Republic of Kazakhstan indicate a total of 315,000 confirmed 
cases and 3,260 confirmed fatalities [1]. The case fatality rate 

stands at 1.04%, substantially exceeding the 0.02% reported for 
the European region [2].

Kazakhstan researchers have made significant advancements 
in epidemiological modeling and strategic planning, supported 
by initiatives aimed at controlling the spread of infection within 
the country [3]. However, in the domain of clinical medicine, 
research findings remain relatively limited. To date, studies 
conducted in Kazakhstan have focused on the epidemiology 
and specific clinical characteristics of COVID-19, as well as the 
microbial landscape and antibiotic susceptibility patterns of key 
pathogens isolated from infected patients [4].

Several key research areas are gaining increasing attention. 
COVID-19 has been recognized as a multi-organ disease with 
a broad spectrum of manifestations, many of which persist as 
prolonged and persistent effects beyond the acute phase [5]. 

Recent literature increasingly supports the notion that PCS is 
a heterogeneous syndrome, prompting the use of data-driven 
approaches such as cluster analysis and machine learning to 
identify distinct symptom patterns and clinical phenotypes. 
Studies have revealed several recurrent subtypes, including 
fatigue-dominant, neurocognitive, respiratory, and multi-
systemic clusters [6-8]. These findings highlight the need for 
population-specific analyses of PCS subgroups, which our study 
addresses by exploring clinical phenotypes in a Kazakhstani 
cohort.

The multiorgan involvement in COVID-19 is primarily 
attributed to the immune system's response to viral invasion 
[9]. Inflammation, as a host defense mechanism, activates 
biological processes aimed at containing viral invasion and 
mitigating tissue damage through the initiation of both innate 
and adaptive immune responses. The degree of immune 
response regulation, influenced in part by specific genetic risk 
factors, plays a critical role in determining the clinical trajectory 
of the disease, including the potential progression to a cytokine 
storm (CS) [10]. A persistent inflammatory response may result 
in prolonged clinical manifestations, commonly referred to as 
post-COVID syndrome [11].

Dysregulation of immune homeostasis and the induction of a 
hyperinflammatory state are key determinants in the development 
of severe disease forms and post-COVID syn-drome [12]. For 
instance, a recent genome-wide analysis of 2,244 COVID-19 
cases identified an association between genetic variants in 
the interleukin-6 (IL-6) signaling pathway and critical illness 
[13]. Moreover, treatment with IL-6 antagonists in severely ill 
patients has been shown to improve clinical outcomes [14]. 

Post-COVID-19 condition is typically defined by a variety 
of symptoms that emerge within three months after the acute 
phase of COVID-19 and persist for a minimum duration of two 
months. [15]
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In addition to virus-dependent mechanisms, virus-independent 
processes—such as immune-mediated tissue damage, peri-
vascular inflammation, disruption of the endothelial-epithelial 
barrier with monocyte and neutrophil infiltration, and protein-
rich exudate extravasation into the alveolar space under cytokine 
influence—contribute to fibrosis and secondary infections [16]. 
Accelerated fibrosis has emerged as a major pathogenic factor 
underlying post-COVID syndrome [17].

A comprehensive assessment of contributing factors will 
facilitate the development of a pathogenesis-based prognostic 
scale for COVID-19 outcomes, while clinical guidelines 
incorporating these findings will enhance disease prognosis 
and patient survival [18]. In this regard, the initial set of factors 
outlined in the technical specifications has been eхpended to 
include additional variables, such as demographic (sex, age, 
including pediatric cases), biological (pregnancy, presence 
of chronic conditions, history of vaccinations against viral 
diseases), and social determinants (access to healthcare 
services), among others [19]. Despite the high prevalence of 
post-COVID syndrome a standardized approach to its diagnosis 
and treatment has not yet been established [20]. This is partly 
due to the complex nature of the syndrome and the heterogeneity 
of its clinical presentation. To fill this gap in knowledge, we 
carried out a bidirectional study with the following goals: to 
evaluate the incidence of post-COVID syndrome using both 
the World Health Organization (WHO) diagnostic criteria; 
to identify and characterize risk factors associated with post-
COVID syndrome, as well as biomarkers for early detection 
and intervention; and to classify the clinical phenotypes of 
post-COVID syndrome to improve understanding of its various 
manifestations [21].
Materials and Methods.
Study Design and Data Sources:

This study aimed to identify factors influencing the severity 
of COVID-19 and the development of post-COVID syndrome. 
A retrospective-prospective cohort design was used, with 
participants randomly selected from patients treated for 
COVID-19 in regional hospitals. The inclusion criteria for the 
main group (with post-occlusive symptoms) was the presence 
of a laboratory-confirmed diagnosis of COVID-19 (positive 
PCR test or rapid antigen test) in persons aged 18 years and 
older, regardless of the severity of the disease. Participants 
were randomly selected from regional electronic medical 
registries of COVID-19 survivors. Recruitment was carried out 
via telephone calls: potential participants were provided with 
detailed information about the study and asked to sign informed 
consent. A total of 639 individuals were included in the study 
and divided into two groups: a main group (300 patients) 
with signs of PCS and a control group (339 patients) who had 
undergone COVID-19 without subsequent PCS symptoms. 
Both hospitalized and outpatients meeting diagnostic and age 
criteria were eligible for inclusion. Information on possible 
sources of selection bias (e.g., availability for contact, consent 
to participate) has been added to the section describing study 
limitations.

Initially, 825 potential participants were identified from 
the regional electronic COVID-19 registries. After applying 

eligibility screening and contacting by telephone, 723 were 
reached. Of these, 639 individuals met the inclusion criteria and 
consented to participate. The main reasons for exclusion were: 
inability to establish contact (n = 33), refusal to participate (n = 
20), and incomplete or missing data (n = 31). 

The study followed a bidirectional retrospective-prospective 
cohort: retrospective data (including acute-phase laboratory 
values, treatment records, and vaccination status) were 
extracted from medical records, while prospective data were 
collected at a single standardized follow-up visit. During this 
visit, participants underwent structured clinical interviews and 
laboratory testing.

All included patients reported symptoms lasting more than 
12 weeks following acute COVID-19. The median follow-
up duration was 4.5 months (IQR: 3.0–6.0 months), ensuring 
compliance with WHO’s ≥12-week PCS definition. This 
variability in follow-up was acknowledged as a potential source 
of classification bias in the Limitations section. All laboratory 
testing and clinical assessments were conducted during the 
same follow-up visit at the time of inclusion.
Study units:

The study consisted of two groups:
Main Group (300 participants): Individuals with COVID-19 

and developed post-COVID syndrome. Control Group (339 
participants): Individuals who had a con-firmed history of 
COVID-19 but did not develop post-COVID symptoms.

The main group was further stratified based on the severity of 
COVID-19 during the acute phase and vaccination status. Data 
collected for each participant included demographic information 
(age, weight, height, BMI), smoking and alcohol consumption 
status, comorbidities, vaccination status, disease severity, and 
treatment history. Laboratory test data during the acute phase 
of COVID-19 were also collected from medical records, while 
vaccination history was obtained from the national vaccination 
registry.
Study Formulas:

The study involved several clinical and laboratory 
assessments to evaluate the health status of participant. Blood 
Samples: Venous blood samples (10 mL) were collected 
from all participants for the following analyses: Complete 
blood count (CBC), Liver function tests, Blood urea nitrogen 
(BUN), creatinine, electrolytes, C-reactive protein (CRP), 
D-dimer, lactate dehydrogenase (LDH), Interleukin-6 (IL-
6), Immunoglobulin G (IgG) against COVID-19, Additional 
Assessments: Chest X-rays, electrocardiography (ECG), and 
thyroid function tests were performed as clinically indicated.
Statistical analysis:

Data were entered into Epidata for accuracy, and statistical 
analysis was conducted using R software. The following 
statistical methods were used to compare groups and assess 
relationships between risk factors and the development of 
post-COVID syndrome: t-test for continuous variables, 
Mann-Whitney U test for non-normally distributed variables, 
Fisher's Exact Test for categorical data. Logistic regression to 
evaluate the association between risk factors and post-COVID 
syndrome development. To improve transparency, the complete 
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multivariate logistic regression model, including all adjustment 
parameters and coefficients, is provided in supplementary Table 3.

The predictive value of biomarkers was assessed using the area 
under the receiver operating characteristic (AUROC) curve. 
Additionally, machine-learning techniques were employed for 
clustering participants based on clinical characteristics. Cluster 
analysis was performed to identify patient subgroups based on 
biomarker and symptom profiles. The analysis was conducted 
using the k-means algorithm, applying Euclidean distance as the 
similarity metric. To determine the optimal number of clusters, 
we utilized both the elbow method and silhouette analysis. 
These details have been added to enhance the reproducibility of 
our findings and allow for replication in future studies.
Ethics statement:

Before starting the study, all documents, including the research 
protocol and data collection questionnaires, underwent expert 
review and received positive approval from the Local Ethics 
Commission of the NJSC Semey Medical University, Minutes 
of Meeting 

No. 2 of 12.12.2023. Patients were included in the study only 
after they received full information about it and gave written 
voluntary consent to participate.
Results.

Among the patients depicted in Figure 1 with PCS, the most 
prevalent symptoms were cough, observed in 96% (N = 288) 
of cases. This was followed by shortness of breath in 95% (N = 
285), headache in 83.3% (N = 249), and muscle or body pain in 
72% (N = 216). Loss of taste or smell was reported in 48% (N = 
144), while sore throat was observed in 46% (N = 138). 

Table 1 presents cohort data from 639 participants, stratified 
based on the presence or absence of post-COVID-19 syndrome. 
The mean age of participants was 53.00 years, with a slight 
difference between the groups: 50.00 years in the non-post-
COVID-19 group versus 56.00 years in the post-COVID-19 
group. However, the p-value of 0.415 indicates no statistically 
significant difference in age between the two groups. Age 
distribution analysis similarly revealed no substantial variation 
(p = 0.237), with the largest proportion of participants in both 
cohorts falling within the 46–64-year age range. A significant 
gender difference was observed between the two groups (p < 
0.001), with a higher proportion of post-COVID-19 syndrome 
cases among females (78.7%) compared to males (54.6%) in the 
non-post-COVID-19 group. This finding suggests a potential 
association between post-COVID-19 syndrome and female 
sex. Body mass index (BMI) distribution across categories 
(<18, 18–24, 25–29, ≥30) was comparable between the two 
groups, with no statistically significant difference (p = 0.347). 
This indicates that BMI does not exert a strong influence on the 
presence or absence of post-COVID-19 syndrome. Regarding 
comorbidities, a significantly higher proportion of individuals 
with post-COVID-19 syndrome had pre-existing conditions 
(28.3%) compared to those without (12.0%), with a p-value of 
0.001. 

Hypertension and Comorbidities: A higher prevalence of 
hypertension was observed in the post-COVID-19 syndrome 
group (47.0%) compared to the non-post-COVID-19 group 

(23.5%), with a statistically significant p-value of 0.003. This 
suggests a potential association between hypertension and post-
COVID-19 syndrome. Similarly, the prevalence of diabetes 
mellitus was higher in the post-COVID-19 syndrome group 
(10.3%) than in the non-post-COVID-19 group (6.7%), with a 
statistically significant p-value of 0.032, indicating a possible 
link between diabetes and post-COVID-19 syndrome. 

Vaccination Status and Post-COVID-19 Syndrome: The 
median number of vaccine doses was higher in the non-
post-COVID-19 group (3 doses, IQR 3–4) compared to the 
post-COVID-19 syndrome group (3 doses, IQR 2–3), with 
a statistically significant difference (p = 0.002). This finding 
suggests that individuals who received fewer vac-cine doses 
may have a higher likelihood of developing post-COVID-19 
syndrome.

A significant difference in vaccination status was observed 
between the two groups (p = 0.046). A higher proportion of 
individuals without post-COVID-19 syndrome were fully 
vaccinated or had received a booster dose, whereas those with 
post-COVID-19 syndrome were more likely to be unvaccinated 
(15.7% vs. 2.4%).

Regarding mRNA vaccines, there was no significant difference 
in the median number of doses received between the two groups 
(p = 0.185), indicating that mRNA vaccination status did not 
substantially influence the development of post-COVID-19 
syndrome.

Severe Disease and Intensive Care Unit Admission: Both 
oxygen therapy and intensive care unit (ICU) hospitalization 
were rare in both groups, with no significant differences observed 
(p = 0.323 for both variables). This suggests that severe acute 
illness requiring intensive care may not be a strong predictor of 
post-COVID-19 syndrome.

Table 2 presents the association between various demographic, 
clinical, and laboratory parameters and the presence of post-
COVID-19 syndrome. The analysis includes both unadjusted 
and adjusted odds ratios (OR) with 95% confidence intervals, 
as well as AUROC values reflecting the diagnostic significance 
of the variables.

Age did not demonstrate a significant association with post-
COVID-19 syndrome in either the unadjusted analysis (OR = 
1.11, 95% CI: 0.99–1.02, p = 0.415) or the adjusted analysis (OR 
= 1.00, 95% CI: 0.98–1.02, p = 0.781). In contrast, female sex 
was a strong predictor of post-COVID-19 syndrome, increasing 
the likelihood of its occurrence more than fourfold (OR = 4.25, 
95% CI: 1.73–6.30, p < 0.001), and this association remained 
significant after adjustment (OR = 4.55, 95% CI: 1.86–7.02, p 
< 0.001). Body mass index (BMI) did not show a statistically 
significant association with the condition (OR = 0.97, 95% CI: 
0.92–1.02, p = 0.347; adjusted OR = 0.97, 95% CI: 0.92–1.03, p 
= 0.473). The number of comorbidities emerged as a significant 
risk factor, nearly tri-pling the likelihood of post-COVID-19 
syndrome (OR = 2.89, 95% CI: 1.67–5.68, p < 0.001), with this 
association persisting after adjusting for other variables (OR = 
2.87, 95% CI: 1.58–5.97, p = 0.001). The number of vaccine 
doses administered was associated with a reduced risk of post-
COVID-19 syndrome (OR = 0.85, 95% CI: 0.67–1.02, p = 0.002), 
and the significance of this parameter remained unchanged after 
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Variables Total Post-Covid-19 Syndrome p-valueAbsence Presence
Number (%) 639 (100) 339 (53) 300 (47)
Age (y): median (IQR) 53.00 (42.0- 70.0) 50.00 (43.0- 70.0) 56.00 (42.5-69.5) 0.415
Age groups: number (%) 0.237
18–30 45 (7.0) 32 (9.5) 13 (4.3)
32–45 160 (25.0) 94 (27.8) 66 (22.0)
46–64 257 (40.3) 116 (34.3) 141 (47.0)
≥ 65 177 (27.7) 97 (28.4) 80 (26.7)
Female: number (%) 421 (65.8) 185 (54.6) 236 (78.7)  < 0.001Male: number (%) 218 (34.2) 154 (45.4) 64 (21.3)
BMI groups: number (%) 0.347
< 18 20 (3.1) 9 (2.6) 11 (3.7)
18–24 177 (27.7) 98 (28.8) 79 (26.3)
25–29 278 (43.5) 155(45.7) 123(41.0)
≥ 30 164 (25.7) 77 (22.9) 87 (29.0)
Comorbidity: number (%) 151 (23.6) 66 (12.0) 85 (28.3) 0.001
Cancer: number (%) 17 (2.7) 9 (2.5) 8 (2.7) 0.856
Arterial hypertension: number (%) 228 (35.7) 87 (23.5) 141 (47.0) 0.003
CKD stage ≥ III: number (%) 11 (1.7) 5 (1.3) 6 (2.1) 0.746
Respiratory disease: number (%) 86 (13.4) 38 (10.3) 48 (16.0) 0.083
Neurological disease: number (%) 103 (16.1) 54 (14.6) 49 (16.3) 0.334
Diabetes mellitus: number (%) 40 (6.7) 6 (15.8) 31 (10.3) 0.032
Autoimmune diseases: number (%) 13 (2.0) 6 (1.8) 7 (2.3) 1.000
Vaccine doses: median (IQR) 3 (3- 4) 3 (3- 4) 3(2- 3) 0.002
Vaccine course: number (%) 0.046
unvaccinated 56 (8.8) 9 (2.4) 47 (15.7)
incomplete 1 (0.1) 0 (0.0) 1 (0.3)
complete 150 (23.5) 73 (27.9) 77 (25.7)
boosted 432 (67.6) 257 (69.7) 175 (58.3)
mRNA vaccine doses: median (IQR) 1.00 (1.00- 2.00) 1.00 (1.00- 2.00) 1.00 (1.00- 2.00) 0.185
Oxygen therapy: number (%) 10 (1.6) 0 (0.0) 10 (3.5) 0.323
ICU admission: number (%) 10 (1.6) 0 (0.0) 10 (3.5) 0.323

Table 1. Baseline Characteristics of Study Participants by Post-COVID-19 Syndrome (PCS) Status.

Biomarkers Crude ORs (95% CI) p-value Adjusted ORs (95% CI) p-value AUROC (95% CI)
Demographic and Clinical Characteristics
Age (year) 1.11 (0.99–1.02) 0.415 1 (0.98–1.02) 0.781  
Female 4.25 (1.73–6.30)  < 0.001 4.55 (1.86–7.02)  < 0.001  
BMI (kg/m2) 0.97 (0.92–1.02) 0.347 0.97 (0.92–1.03) 0.473  
Number of underlying 
diseases 2.89 (1.67–5.68)  < 0.001 2.87 (1.58–5.97) 0.001  

Vaccine doses 0.85 (0.67–1.02)  < 0.002 0.86 (0.69–1.06) 0.002
Laboratory
HCT 0.81 (0.87–0.98) 0.001 0.88 (0.81–1.08) 0.504 0.51 (0.57–0.70)
WBC 1.04 (0.81–1.18) 0.563 1.04 (0.8–1.19) 0.605 0.52 (0.34–0.57)
PLT 1 (1–1) 0.807 1 (1–1) 0.743 0.53 (0.46–0.53)
NLR 0.85 (0.62–1.13) 0.782 0.83 (0.6–1.14) 0.702 0.45 (0.39–0.52)
PLR 1 (0.89–1) 0.360 1 (0.89–1) 0.294 0.52 (0.40–0.60)
AST 1 (0.87–1.02) 0.703 1.02 (0.88–1.03) 0.572 0.38 (0.32–0.45)
ALT 1 (0.89–1.03) 0.705 1.02 (1–1.04) 0.368 0.37 (0.30–0.44)
AST/ALT ratio 1.11 (0.82–1.94) 0.401 0.87 (0.51–1.37) 0.455 0.43 (0.36–0.49)
ALP 1.03 (1.02–1.04) 0.004 1.01 (1–1.02) 0.013 0.72 (0.45–0.74)
Albumin 0.45 (0.15–1.19) 0.137 1.31 (0.4–2.7) 0.536 0.46 (0.54–0.63)
CRP 1.03 (0.87–1.07) 0.305 1.03 (0.88–1.08) 0.203 0.53 (0.48–0.55)
D-dimers 1 (1–1) 0.453 1 (1–1) 0.778 0.54 (0.47–0.55)
IL-6 1 (0.88–1.02) 0.324 0.97 (0.96–1.02) 0.402 0.49 (0.42–0.56)
log (IgG) 0.67 (0.73–0.98) 0.021 0.79 (0.75–1.11) 0.203 0.46 (0.39–0.53)

Table 2. Association between biomarkers and post-COVID-19 syndrome examined using multivariate logistic regression analysis.
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adjusting for other factors (adjusted OR = 0.86, 95% CI: 0.69–
1.06, p = 0.002). Among laboratory markers, hematocrit showed 
a significant association with post-COVID-19 syndrome in the 
unadjusted analysis (OR = 0.81, 95% CI: 0.87–0.98, p = 0.001), 
but this significance was lost after adjustment (OR = 0.88, 95% 
CI: 0.81–1.08, p = 0.504). White blood cell count (OR = 1.04, 
95% CI: 0.81–1.18, p = 0.563), platelet count (OR = 1.00, 
95% CI: 1.00–1.00, p = 0.807), neutrophil-to-lymphocyte ratio 
(OR = 0.85, 95% CI: 0.62–1.13, p = 0.782), and platelet-to-
lymphocyte ratio (OR = 1.00, 95% CI: 0.89–1.00, p = 0.360) did 
not demonstrate a significant association with the development 
of post-COVID-19 syndrome. Liver enzyme levels, including 
aspartate aminotransferase (AST) (OR = 1.00, 95% CI: 0.87–
1.02, p = 0.703) and alanine aminotransferase (ALT) (OR = 
1.00, 95% CI: 0.89–1.03, p = 0.705), showed no significant 
differences between groups. However, alkaline phosphatase 
(ALP) was elevated in patients with post-COVID-19 syndrome 
(OR = 1.03, 95% CI: 1.02–1.04, p = 0.004), and this association 
remained significant after adjustment (OR = 1.01, 95% 
CI: 1.00–1.02, p = 0.013), suggesting potential metabolic 
alterations related to the condition. Albumin (OR = 0.45, 95% 
CI: 0.15–1.19, p = 0.137), C-reactive protein (CRP) (OR = 1.03, 
95% CI: 0.87–1.07, p = 0.305), D-dimer (OR = 1.00, 95% CI: 
1.00–1.00, p = 0.453), interleukin-6 (IL-6) (OR = 1.00, 95% CI: 
0.88–1.02, p = 0.324), and immunoglobulin G (IgG) levels (OR 
= 0.67, 95% CI: 0.73–0.98, p = 0.021) did not show significant 
associations with post-COVID-19 syndrome after adjustment (p 
> 0.05). The diagnostic value of these parameters varied. The 
highest AUROC values were observed for alkaline phosphatase 
(AUROC = 0.72, 95% CI: 0.45–0.74), con-firming its potential 
role in diagnosis. Hematocrit (AUROC = 0.51, 95% CI: 
0.57–0.70), white blood cell count (AUROC = 0.52, 95% CI: 
0.34–0.57), and platelet-to-lymphocyte ratio (AUROC = 0.52, 
95% CI: 0.40–0.60) had moderate AUROC values, but their 
predictive ability remained low. Liver enzyme levels, including 
their ratio (AST/ALT), had low AUROC values (ranging from 
0.37 to 0.43), indicating weak diagnostic value. Thus, the most 
significant risk factors for developing post-COVID-19 syndrome 
are female sex (OR = 4.55, p < 0.001) and the presence of 
multiple chronic diseases (OR = 2.87, p = 0.001). Vaccination, 
particularly with a higher number of administered doses (OR 
= 0.86, p = 0.002), may reduce the likelihood of developing 
the condition. Among laboratory markers, alkaline phosphatase 
appears to be the most informative (AUROC= 0.72), whereas 
most other biochemical and hematological parameters do not 
demonstrate high diagnostic value.

Details of the multivariate model parameters are presented in 
Supplementary Table 3.

Table 3 presents the results of the multivariate logistic 
regression analysis performed to identify independent 
predictors of post-COVID-19 syndrome (PCS). The table 
includes all variables modelled concurrently, showing their 
odds ratios (OR), 95% confidence intervals (CI), and p-values. 
This comprehensive model provides insight into the relative 
contributions of demographic, clinical, and laboratory parameters 
to the likelihood of developing PCS. The corresponding model 
equation is also provided for transparency.
Discussion.

This study represents the first retrospective-prospective cohort 
investigation of post-COVID syndrome (PCS) in Kazakhstan 
and Central Asia. This approach contributes new regional 
evidence to the global body of PCS research and emphasizes 
the need for phenotype-specific strategies in patient monitoring 
and follow-up [22-34].

While the present study identified a significant inverse 
association between the number of vaccine doses and the 
incidence of post-COVID syndrome (PCS), this finding 
should be interpreted with caution. The observational design 
of the study does not allow for definitive causal inference, 
and the observed relationship may be influenced by residual 
confounding factors such as differences in health-seeking 
behavior, access to healthcare services, and underlying health 
status among vaccinated individuals. Future prospective studies 
with robust adjustment for these variables are needed to confirm 
the protective role of vaccination against PCS.

Our findings support previous international studies showing 
that PCS is more prevalent in females and individuals with pre-
existing comorbidities [6,20]. The observed association between 
lower vaccination rates and PCS incidence is consistent with 
findings from Israel and Spain, where vaccination was linked 
to reduced long-term symptom burden [29,33]. Elevated levels 
of alkaline phosphatase (ALP), in particular, were associated 
with PCS and may reflect low-grade systemic inflammation, 
a mechanism increasingly recognized in PCS pathogenesis 
[29,32]. However, we emphasize that while ALP may serve as 
a candidate biomarker, its diagnostic accuracy remains limited, 
and further validation is needed [35].

Although alkaline phosphatase (ALP) demonstrated a 
moderately favorable AUROC of 0.72 in distinguishing PCS 
cases, it falls short of the threshold commonly accepted for 
diagnostic utility in clinical practice. According to international 
standards, an AUROC value above 0.8 is generally considered 

Variable OR 95% CI p-value
Age (years) 1.01 0.98–1.02 0.781
Female sex (vs. male) 4.55 1.86–7.02 <0.001
Number of comorbidities 2.87 1.58–5.97 0.001
Vaccine doses 0.86 0.69–1.06 0.002
Alkaline phosphatase (ALP, U/L) 1.01 1.00–1.02 0.013
Hematocrit (HCT, %) 0.88 0.81–1.08 0.504
Immunoglobulin G (IgG, AU/mL) 0.79 0.75–1.11 0.203
C-reactive protein (CRP, mg/L) 1.03 0.88–1.08 0.203

Table 3. Multivariate logistic regression model for predictors of post-COVID-19 syndrome.
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satisfactory for diagnostic purposes. Therefore, while ALP may 
serve as a potential biomarker for PCS, its current diagnostic 
performance limits its standalone utility, and it should be 
interpreted in conjunction with other clinical and laboratory 
findings. Further studies with larger cohorts and external 
validation are necessary to assess its applicability as a reliable 
diagnostic marker.

Although ALP was statistically associated with PCS, the 
clinical impact appears modest (aOR = 1.01). This may reflect 
low-grade systemic inflammation, but its standalone diagnostic 
or prognostic utility remains uncertain and should be interpreted 
with caution.

Although this study identified patterns suggestive of immune 
activation and symptom clustering, it did not directly assess 
pathophysiological mechanisms. No im-aging, cytokine 
profiling, or functional tests were performed to evaluate organ-
specific damage or immunological dysregulation. Consequently, 
the study does not provide mechanistic insights or support for 
specific therapeutic interventions. Rather, it underscores the 
heterogeneity of PCS and the need for individualized clinical 
approaches [11,12,14].

Despite these contributions, several limitations must be 
acknowledged. The study design does not allow for causal 
inference. Some findings, such as those related to rare symptoms 
or conditions (e.g., diarrhea, ICU admission), are based on low-
frequency data and must be interpreted with caution. 

In summary, our study offers the first large-scale PCS 
phenotyping data from Kazakhstan and provides preliminary 
evidence of biomarker patterns and symptom clusters. While 
the results highlight important associations, they do not permit 
conclusions about treatment efficacy or pathophysiology. Further 
research, including longitudinal studies and immunological 
profiling, is required to validate these findings and in-form 
clinical interventions [20,27,28].

This study examined the prevalence of post-COVID syndrome 
(PCS) among patients recovering from acute COVID-19. 
Biomarkers associated with PCS diagnosis were analyzed, 
and patients were classified into four groups based on their 
clinical phenotypes. Additionally, the relationship between 
quality of life and PCS-related biomarkers was examined. 
Findings indicated that individuals with PCS had a significantly 
higher prevalence of comorbid conditions than the control 
group (28.3% vs. 12.0%) [6], suggesting a greater risk of PCS 
in patients with preexisting comorbidities [6]. These results 
underscore the need for comprehensive clinical and psychiatric 
interventions, ensuring optimal resource allocation and 
minimizing unnecessary medical procedures. 

This study has several limitations. First, the quality of life 
was not formally assessed using standardized tools. Second, 
no statistical analysis was performed on the time interval 
since COVID-19 diagnosis, although it was recorded. Third, 
the sample size for certain subgroups was limited, reducing 
statistical power for rare variables. These factors should be 
considered when interpreting the findings.

Patients with post-COVID respiratory failure (PCRF) more 
frequently experienced persistent symptoms such as cough, 
dyspnea, and chest pain. However, the increased prevalence of 

neuropsychiatric manifestations, including insomnia, anxiety, 
and depression, underscores the critical role of multidisciplinary 
medical teams in providing comprehensive rehabilitation for 
post-COVID-19 patients, thereby contributing to the restoration 
of their quality of life [22].

The study identified biomarkers associated with PCS, 
including elevated alkaline phosphatase (ALP) levels and 
reduced hematocrit (HCT) and immunoglobulin G (IgG) levels. 
Increased ALP may indicate the presence of an inflammatory 
process, as this biomarker is a well-established indicator 
of inflammation [23,24]. However, its diagnostic utility is 
limited due to its low discriminative capacity. Cluster analysis 
identified distinct clinical phenotypes among recovered 
COVID-19 patients, providing a basis for personalized 
treatment. Group 1 had severe multisymptomatic disease 
requiring comprehensive medical management. These patients 
require an interdisciplinary approach involving specialists 
from various fields, which aligns with findings from previous 
studies [25,26]. Groups 2 and 3 were characterized by moderate 
multisymptomatic manifestations. Cluster 3 was predominantly 
marked by physical symptoms such as fatigue and dyspnea, 
whereas cluster 2 was distinguished by a higher prevalence of 
neuropsychiatric symptoms, including anxiety and depression. 
Similar findings have been reported in studies conducted in 
Canada, further supporting the heterogeneity of post-COVID 
syndrome [25]. A study in the United Kingdom reported that 
approximately 10-20% of patients with COVID-19 developed 
long-term symptoms, with fatigue, dyspnea, and cognitive 
impairment being the most common manifestations, which 
is consistent with our findings [27]. Additionally, research 
conducted in Germany emphasized the role of inflammation and 
immune dysregulation in PCS pathogenesis, further supporting 
our findings on elevated ALP levels [28].

A recent study from the United States highlighted six distinct 
phenotypic groups among PCS patients, with predominant 
cardiovascular, pulmonary, neuropsychiatric, or mixed 
symptoms [30]. Another large-scale cohort study from France 
found that PCS patients exhibited higher metabolic and 
inflammatory markers, reinforcing our findings regarding 
biomarker associations [31]. Furthermore, a Canadian 
study emphasized the role of mental health interventions in 
managing PCS, supporting our conclusions on the importance 
of multidisciplinary rehabilitation [31]. A Spanish longitudinal 
study confirmed that vaccinated individuals had a significantly 
lower PCS prevalence, aligning with our vaccination-related 
findings [33]. Lastly, a systematic review from Italy underscored 
the necessity of personalized treatment approaches in PCS 
management, reinforcing the relevance of our cluster-based 
analysis [34].

It is crucial to recognize that while some patients primarily 
experience physical symptoms, others exhibit psychological 
manifestations, and a third subset presents with a combination 
of both. For patients in cluster 4, supportive care and regular 
medical monitoring are sufficient to manage residual symptoms 
and promote the adoption of healthy habits. This approach may 
help reduce the burden on the healthcare system.

A statistically significant difference in vaccination status was 
observed between patients with and without PCS (p = 0.046). 
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Fully vaccinated individuals or those who had received a booster 
dose were more frequently found among those without PCS 
compared to those with PCS (15.7% vs. 2.4%) [9]. The median 
number of vaccine doses was also higher in the non-PCS group 
(3 doses, IQR 3–4) compared to the PCS group (3 doses, IQR 
2–3), with this difference reaching statistical significance (p = 
0.002) [6]. These findings suggest a dose-dependent protective 
effect of vaccination against the development of PCS. To our 
knowledge, this study represents the first cohort investigation 
of PCS in Kazakhstan based on a randomly selected patient 
population.

Our results align with findings from large-scale international 
studies, such as a cohort analysis from Israel, which 
demonstrated that individuals who had received three or more 
doses of the BNT162b2 vaccine were significantly less likely 
to report PCS symptoms 3–6 months post-infection [36] and a 
large-scale study from Israel, where a higher number of vaccine 
doses correlated with a lower risk of developing long-term post-
COVID complications [29]. Similarly, a Spanish longitudinal 
study found that vaccinated individuals experienced fewer post-
COVID symptoms such as fatigue and cognitive impairment 
compared to unvaccinated patients [8]. The inclusion of 
both mRNA and inactivated vaccines (such as QazVac and 
CoronaVac) in the Kazakhstani vaccination campaign adds 
further relevance, as it provides evidence across different 
vaccine platforms.

Potential confounding factors—such as differences in 
access to healthcare, presence of comorbidities, and timing 
of vaccination—were considered and adjusted for through 
multivariate logistic regression. However, residual confounding 
cannot be entirely excluded. For example, individuals with better 
healthcare access were more likely to complete vaccination 
schedules and receive timely treatment, which could itself 
reduce PCS risk. Conversely, patients with chronic conditions 
may have been more likely to be vaccinated early but also more 
prone to PCS.

Altogether, the observed association between higher numbers 
of vaccine doses and lower PCS incidence supports the 
hypothesis that vaccination not only mitigates the acute phase of 
COVID-19 but also reduces the risk of long-term complications. 
These results underscore the importance of continued research 
into vaccine efficacy against PCS, particularly across different 
populations and vaccine types.

The study, conducted among patients in the Abai region, 
provides valuable insights into the prevalence of PCS, its 
associated biomarkers, and clinical phenotypes. However, 
potential limitations include differences in ethnic, genetic, 
and sociodemographic characteristics, as well as variations in 
healthcare systems across different countries. The identification 
of biomarkers, such as alkaline phosphatase, as potential 
predictors of PCS provide a basis for further research aimed at 
validating these findings across diverse clinical and geographical 
settings. Cluster analysis, which distinguishes different patient 
phenotypes, holds significant clinical relevance, suggesting that 
personalized treatment strategies tailored to symptom severity 
may enhance the effectiveness of medical care. This approach 
aligns with contemporary trends in medicine, emphasizing 

individualized treatment and multidisciplinary care for patients 
with PCS.

The present study examined clusters of PСS that included 
psychiatric symptoms (insomnia, depression, anxiety); however, 
we recognize the limitation of not having a formal quality of life 
assessment. We plan to incorporate quality of life assessments 
using standardized questionnaires such as the SF-36 in future 
studies to further characterize the impact of PСS on patients.
Conclusion.

In conclusion, this study represents the first large-scale 
analysis of PCS in the Abai region, providing crucial data on 
its prevalence, diagnostic markers, and clinical characteristics. 
Although the identified biomarkers demonstrate a certain 
association with PCS, their diagnostic accuracy remains limited 
and warrants further investigation. The identification of distinct 
patient phenotypes underscores the need for a personalized 
approach, as well as the importance of multidisciplinary teams 
in the management of post-COVID-19 patients. These findings 
have the potential to inform global healthcare policy, resource 
distribution, and the development of targeted strategies to 
improve out-comes for patients recovering from COVID-19. 
Furthermore, the study confirmed that alkaline phosphatase 
(ALP) may serve as a potential biomarker for PCS as early 
as three months after the acute phase of the disease, offering 
an opportunity for early diagnosis. The application of cluster 
analysis enabled the identification of four clinical phenotypes, 
paving the way for personalized therapeutic strategies. 
These findings are of considerable importance for improving 
the diagnosis and treatment of PCS, ultimately enhancing 
patients’ quality of life. The results emphasize the necessity 
of a comprehensive diagnostic approach that incorporates both 
physical and psycho-social aspects. While the identification 
of ALP as a potential predictor of PCS suggests promise 
for early diagnosis, further validation of this biomarker is 
required. The classification of patients into distinct phenotypes 
facilitates the development of tailored treatment methods, 
including physiotherapy and psychological support. Overall, 
these findings lay the groundwork for future research and the 
refinement of treatment strategies for post-COVID-19 patients.
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