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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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POST-COVID-19 SYNDROME: INCIDENCE, BIOMARKERS, AND CLINICAL PATTERNS
IN KAZAKHSTAN

Altynay Dosbayeva', Askar Serikbayev', Alua Sharapiyeva', Kuralay Amrenova', Ainur Krykpayeva', Ynkar Kairkhanova',
Altay Dyussupov’, Assanali Seitkabylov!, Zhanar Zhumanbayeva'*,

INJSC "Semey medical university", Semey 071400, Republic of Kazakhstan.

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
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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 expended 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
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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



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
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(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



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

Variables Total Post-Covid-19 Syndrome p-value
Absence 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)

4664 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) <0.001

Male: 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) 924 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 2. Association between biomarkers and post-COVID-19 syndrome examined using multivariate logistic regression analysis.

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/m?) 0.97 (0.92-1.02) 0.347 0.97 (0.92-1.03) 0.473

Number of underlying 1, g9 57 5 63) <0.001 2.87 (1.58-5.97) 0.001

diseases

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)
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Table 3. Multivariate logistic regression model for predictors of post-COVID-19 syndrome.

Variable OR
Age (years) 1.01
Female sex (vs. male) 4.55
Number of comorbidities 2.87
Vaccine doses 0.86
Alkaline phosphatase (ALP, U/L) 1.01
Hematocrit (HCT, %) 0.88
Immunoglobulin G (IgG, AU/mL) 0.79
C-reactive protein (CRP, mg/L) 1.03

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=10.137), 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.
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95% CI p-value
0.98-1.02 0.781
1.86-7.02 <0.001
1.58-5.97 0.001
0.69-1.06 0.002
1.00-1.02 0.013
0.81-1.08 0.504
0.75-1.11 0.203
0.88-1.08 0.203

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



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
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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).



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
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individualized treatment and multidisciplinary care for patients
with PCS.

The present study examined clusters of PCS 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 PCS 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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The following supporting information can be downloaded
at: https://www.mdpi.com/article/doi/s1, Figure S1: Clinical
phenotypes of PCS; Table S1: Baseline characteristics and
laboratory biomarkers in PCS and non-PCS patients; Table S2:
Association between biomarkers and post-COVID-19 syndrome
examined using multivariate logistic regression analysis.
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