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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.
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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
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

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
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
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
by Cyrillic and Latin).

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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Abstract.

Background: Despite the growing evidence of persistent
cognitive dysfunction after COVID-19, the role of cognitive
reserve as a modifying factor of post-infectious neurocognitive
outcomes remains insufficiently explored, particularly in relation
to disease severity and premorbid lifestyle characteristics.

Objective: To analyze the characteristics of cognitive reserve
in patients after SARS-CoV-2 infection and to assess its
impact on the structure and severity of post-COVID cognitive
impairments.

Materials and Methods: The study included 247 patients
aged 31-67 years who had recovered from COVID-19 (93
hospitalized and 154 treated on an outpatient basis) and 50 age-
matched controls without a history of COVID-19. Cognitive
reserve and related factors were assessed using the Cognitive
Reserve Questionnaire (CRQ), Test of Premorbid Functioning
(TOPF), Montreal Cognitive Assessment (MoCA), Trail
Making Test A/B, Digit Span Backward, and semantic verbal
fluency test. Premorbid lifestyle characteristics, occupational
cognitive complexity, physical activity, disease severity,
body mass index, and inflammatory markers (peak C-reactive
protein) were recorded. Multivariate linear regression models
were constructed with global cognitive performance (MoCA
score at 12 months) as the dependent variable.

Results: Post-COVID patients demonstrated significantly
lower CRQ total scores compared with controls (7.82 + 0.12
vs 9.41 £ 0.15; p < 0.001), with the lowest values observed
in hospitalized patients. Educational level and premorbid
intelligence (TOPF) did not differ between groups, indicating
preserved premorbid cognitive capacity. Reduced CRQ
scores were primarily driven by lower occupational cognitive
complexity and diminished cognitively active lifestyle,
suggesting impaired utilization of cognitive reserve rather than
loss of reserve capacity. MoCA scores were significantly lower
in post-COVID patients (25.4 £ 0.19 vs 27.8 £ 0.22; p <0.001),
with predominant impairment of executive functions, attention,
and processing speed. In multivariate analysis, better cognitive
outcomes were independently associated with higher CRQ
scores, greater occupational complexity, and higher premorbid
physical activity, while disease severity, elevated inflammatory
markers, and older age were associated with poorer MoCA
performance (Adjusted R>=0.521; p <0.001).

Conclusions: Post-COVID cognitive impairment occurs
despite preserved premorbid cognitive reserve and is
characterized by reduced utilization and engagement of reserve
mechanisms, particularly following severe disease.

Key words. Cognitive reserve, COVID-19, post-COVID
syndrome, cognitive impairment, cerebrovascular disease,
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neurorehabilitation.
Introduction.

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection has demonstrated a pronounced neurotropic
potential, and post-COVID syndrome has become one of
the most relevant medical problems in recent years [1,2]. A
growing body of clinical evidence indicates that even after mild
or moderate COVID-19, a subset of patients develops persistent
cognitive impairments, including reduced attention, slowed
information processing, executive dysfunction, and episodic
memory disturbances [3-5]. These changes significantly affect
quality of life, work capacity, and social adaptation.

One of the key concepts explaining interindividual variability
in the cognitive consequences of COVID-19 is cognitive reserve
[6,7]. It encompasses a set of neurobiological and psychosocial
mechanisms that ensure resilience of cognitive functions
against injury, infectious-inflammatory impact, and metabolic
stress [6]. Cognitive reserve is known to depend on education,
occupational activity, lifestyle, intellectual engagement, and
social connectivity. However, data on its specific role in patients
who have recovered from COVID-19 remain limited.

The investigation of cognitive reserve in the context of
post-COVID changes is important not only for understanding
mechanisms of neuropsychological vulnerability but also
for developing personalized rehabilitation strategies [7,8].
Studying this phenomenon may open new opportunities for
early identification of high-risk groups and optimization of
cognitive rehabilitation programs.

Aim. The aim of this study was to analyze characteristics of
cognitive reserve in patients after coronavirus infection and to
assess its impact on the structure and severity of post-COVID
cognitive impairments.

Materials and Methods.

The study included 247 patients aged 31-67 years who had
recovered from SARS-CoV-2 infection, among them, 93
required hospitalizations during the acute phase, whereas the
remaining patients had mild or moderate disease, allowing
comparison of COVID-19 severity effects on subsequent
cognitive changes. The control group consisted of 50 age-
matched individuals with no history of confirmed COVID-19
and no acute respiratory illness within the preceding year.

Inclusion criteria were age 31-67 years, documented
coronavirus infection, completion of the acute disease phase (at
least 4 weeks after regression of major symptoms), ability to
perform neuropsychological tests, and written informed consent.
Exclusion criteria comprised neurodegenerative diseases, prior
stroke or traumatic brain injury, severe psychiatric disorders,
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significant sensory deficits, active oncological disease,
decompensated somatic conditions, and harmful use of alcohol
or psychoactive substances.

Cognitive reserve was assessed using a comprehensive
approach, including the Cognitive Reserve Questionnaire (CRQ)
[9], Test of Premorbid Functioning (TOPF) [10], Montreal
Cognitive Assessment (MoCA) [11], Trail Making Test A/B
[12], Digit Span, and semantic verbal fluency test [13], along
with structured evaluation of intellectual and social lifestyle.
Additionally, somatic and neurological history, COVID-19
severity, oxygen therapy requirements, and comorbidities were
recorded. Follow-up lasted one year.

The study was conducted in accordance with the Declaration
of Helsinki [14] and Good Clinical Practice (GCP) principles
[15]; the protocol was approved by the Bioethics Committee
of the Petro Mohyla Black Sea National University, and all
participants provided written informed consent.

Statistical analysis was performed using Statistica 14.1.25
(TIBCO, USA) [16]. Distribution normality was assessed
using the Shapiro—Wilk test; quantitative variables were
compared using Student’s t-test for normally distributed data
and the Mann—Whitney U test otherwise. Categorical variables
were analyzed using the Pearson y? test or Fisher’s exact test.
Associations between cognitive reserve indicators, COVID-19
severity, and neuropsychological test results were evaluated
by correlation analysis (Spearman’s or Pearson’s coefficient,
depending on distribution). Independent predictors of reduced
cognitive reserve were identified using multivariate linear or
logistic regression. Statistical significance was set at p < 0.05.

Results.

Over the one-year follow-up, a comprehensive dataset of
neuropsychological and demographic-clinical parameters was
obtained in 247 patients after coronavirus infection and 50
control subjects. The mean age of patients in the main group was
49.3 £ 0.6 years, compared with 48.7 + 0.9 years in the control
group (p = 0.62). In the hospitalized subgroup (n = 93), mean
age was slightly higher (51.4 = 0.8 years) than in the outpatient
subgroup (48.0 + 0.7 years, n = 154; p = 0.004).

Pre-existing comorbid conditions were more frequent among
hospitalized patients: arterial hypertension — 42.9% vs 23.4%
(p=0.001), obesity — 28.0% vs 17.5% (p = 0.04), and diabetes
mellitus — 12.9% vs 6.5% (p = 0.07). The duration of acute
COVID-19 also differed significantly, averaging 18.6 £ 0.9 days
in hospitalized patients and 11.3 + 0.5 days in outpatients (p <
0.001).

Post-COVID patients demonstrated significantly lower total
CRQ scores compared with controls (7.82 £0.12 vs 9.41 + 0.15;
p <0.001), with the lowest values observed among hospitalized
patients (7.01 = 0.18). However, no significant differences were
found in the Education subscale (3.21 + 0.05 vs 3.27 £ 0.07; p
=0.48). Likewise, premorbid intelligence assessed using TOPF
did not differ between groups (39.1 + 0.5 vs 40.2 = 0.6; p =
0.12), indicating comparable premorbid cognitive capacity and
formal reserve proxies. Semantic verbal fluency was markedly
impaired: 17.8 = 0.4 words in post-COVID patient’s vs 21.2 +
0.5 in controls (p < 0.001). Hospitalized patients produced only
16.2 £ 0.4 words, significantly fewer than outpatients (18.7 +
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0.5,p <0.001).

In contrast, significant group differences were observed in CRQ
subcomponents reflecting occupational cognitive complexity
(2.14 £ 0.06 vs 2.68 + 0.09; p < 0.001) and cognitively active
lifestyle (1.92 = 0.04 vs 2.41 £ 0.05; p < 0.001). These findings
suggest that lower CRQ total scores in post-COVID patients
primarily reflect state-dependent reductions in cognitive
engagement and reserve utilization, rather than depletion of
premorbidly accumulated cognitive reserve.

MoCA results confirmed a statistically significant decline in
cognitive performance: post-COVID patients scored 25.4+0.19
compared with 27.8 + 0.22 in controls (p < 0.001). Hospitalized
patients had the lowest MoCA scores (24.2 £ 0.28), while
outpatients demonstrated higher values (26.1 £ 0.21; p <0.001).
The most affected domains were executive functions (3.41 +
0.05 vs 3.88 £ 0.06, p <0.001), attention (4.68 + 0.06 vs 5.12 +
0.05, p <0.001), and processing speed.

Trail Making Test results corroborated these findings: TMT-A:
41.9 £ 0.9 s in post-COVID patients vs 35.7 £ 1.1 s in controls
(p<0.001) and TMT-B: 93.6 £ 2.4 s vs 78.1 £ 2.8 s (p < 0.001)

Hospitalized patients completed TMT-B significantly more
slowly (101.4 + 3.1 s) than both outpatients (89.1 £2.2 s, p <
0.001) and controls (p < 0.001).

In the Digit Span Backward test, the mean score in the
COVID-19 group was 4.78 £ 0.06, compared with 5.34 + 0.07
in controls (p < 0.001), with hospitalized patients showing the
lowest values (4.42 £ 0.08, p <0.001).

Correlation analysis revealed robust associations between
COVID-19 severity and cognitive indices. Disease duration
correlated with CRQ (r = —-0.41, p < 0.001), oxygen therapy
requirement correlated with MoCA (r = —0.38, p < 0.001), and
inflammatory burden (CRP during the acute phase) correlated
with TMT-B results (r = 0.44, p <0.001). Body mass index was
also associated with lower CRQ values (r =-0.29, p < 0.001).

To align with the established cognitive reserve framework,
global cognitive performance (MoCA score at 12 months)
was specified as the dependent variable, while indicators of
cognitive reserve utilization and disease severity were treated as
independent predictors.

The multiple linear regression model included CRQ total
score, occupational cognitive complexity, premorbid physical
activity level, COVID-19 severity (hospitalization), age, BMI,
and peak CRP levels:
z(MoCA;3) + 0.282z(CRQ) + 0.18z(PhysAct) — 0.39z(Severity)

— 0.312(CPRyoqi ) — 0.222(Age) + ¢

Were,

MoCA ,: MoCA score at 12 months

CRQ: Cognitive Reserve Questionnaire total score

ProfComplex: occupational cognitive complexity score (e.g.,
0-3)

PhysAct: premorbid physical activity level (e.g., 0—4)

Severity: COVID-19 severity indicator (0 = outpatient; 1 =
hospitalized)

CRP,_,: peak CRP during acute phase (mg/L)

Age: years

Z(.): standardized (z-scored) variable; €. error term.



The final model explained 52.1% of the variance in MoCA
scores (Adjusted R2=0.521; p <0.001). Independent predictors
of lower MoCA performance were:

- COVID-19 severity (B =-0.39; p <0.001)
Peak CRP during the acute phase (f =—0.31; p <0.001)
Lower CRQ total score (B =0.28; p <0.001)
Lower occupational cognitive complexity (B = 0.24; p =
0.002)
Older age (B =-0.22; p = 0.003)

Premorbid physical activity showed an independent protective
effect (B = 0.18; p = 0.01). Premorbid intelligence (TOPF) did
not independently predict MoCA outcomes after adjustment.

These results indicate that cognitive reserve acts as amoderating
factor buffering post-COVID cognitive vulnerability, rather than
as an outcome determined by current cognitive performance.

In the logistic regression analysis, the risk of developing
clinically significant diminished utilization of cognitive reserve
(CRQ < 7 points) was associated with hospitalization (OR =
2.84;95% CI 1.71-4.71; p < 0.001), elevated CRP levels during
the acute phase (OR = 1.19 per each +5 mg/L increase; p =
0.002), and a low level of premorbid cognitive activity (OR =
0.73; 95% C1 0.62-0.87; p <0.001).

Graphical analysis demonstrated a consistent between-group
difference: post-COVID patients exhibited clearly lower mean
cognitive reserve values at all time points, while hospitalized
patients retained the most unfavorable outcomes with minimal
recovery trends (Figures 1 and 2).

The distribution of MoCA and TMT-B values in box plots
confirmed a shift toward poorer performance in post-COVID
patients, whereas CRQ-TMT-B scatter plots demonstrated a
typical negative correlation, which was markedly stronger in
patients who had been hospitalized during COVID-19, i.e.,
those with a more severe disease course.

The diagram shows a positive association between MoCA
scores and CRQ values in patients who recovered from
COVID-19 and in control subjects. Each point represents an
individual participant’s result; varying point density reflects

g

-
Ambu .'|'-|1r-.'

-
Control

sample variability. The slope of the regression line indicates a
statistically significant direct relationship (B = 0.27; p < 0.001),
meaning that higher global cognitive performance measured
by MoCA correlates with a higher level of cognitive reserve.
Vertical variability around the line suggests that CRQ is also
influenced by other factors, including severity of the infection
and premorbid characteristics. The overall trend demonstrates
that increasing MoCA scores are accompanied by a proportional
rise in CRQ, confirming a functional relationship between
current cognitive status and the structural components of
cognitive reserve.

Discussion.

The obtained results confirm that cognitive reserve is a
sensitive marker of the neuropsychological consequences of
COVID-19, and that diminished utilization of cognitive reserve
is significantly correlated with disease severity. The lowest
CRQ, MoCA, and executive function values were observed
in patients who required hospitalization during the acute
phase. This is consistent with international studies showing
that severe forms of COVID-19 are associated with more
persistent cognitive impairments related to hypoxia, systemic
inflammation, microvascular dysfunction, and metabolic stress
of neuronal networks.

Importantly, premorbid cognitive activity, occupational
complexity, and physical activity emerged as significant
modifiers of post-COVID cognitive status [4,5]. In our sample,
these parameters largely determined individual differences
in CRQ, as confirmed by both correlation analysis and linear
regression (Adjusted R? = 0.478). Thus, cognitive reserve not
only reflects anamnestic and social factors but also serves as a
buffer mitigating the effects of neuroinflammatory injury. The
fact that TOPF scores did not differ significantly between groups
further emphasizes that the observed changes are consequences
of COVID-19 rather than premorbid cognitive differences.

Data from the MoCA, TMT-A/B, and semantic fluency tests
indicate a predominant impact of COVID-19 on information

Hn-,;u '..\ liFecd

Group

Figure 1. 1 CRQ in the clinical groups.
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Figure 2. Linear regression between cognitive reserve (CRQ) and global cognitive function (MoCA).

processing speed, executive functions, and attention—domains
closely linked to the integrity of fronto-subcortical networks,
which are particularly vulnerable to hypoxia and microvascular
damage. This is in line with contemporary neuroimaging studies
demonstrating cortical thinning and white matter alterations in
post-COVID patients.

Patients who recovered from COVID-19 exhibit persistent
cognitive impairment predominantly affecting executive
functions, attention, and processing speed, particularly
following severe disease requiring hospitalization.

Despite comparable premorbid intelligence and educational
attainment, post-COVID patients demonstrate lower CRQ
scores driven primarily by reductions in cognitively active
lifestyle and occupational engagement. These findings indicate
preserved premorbid cognitive reserve with impaired post-
infectious utilization, rather than structural decline of reserve
capacity.

Cognitive reserve functions as a moderator of post-COVID
cognitive outcomes, buffering against cognitive decline but
requiring active engagement to remain effective. Assessment
of reserve utilization may facilitate early risk stratification and
guide neurorehabilitation strategies focused on reactivation of
reserve mechanisms rather than restoration of reserve itself.

Conclusion.

1. Patients who recovered from COVID-19 demonstrate
significantly lower total CRQ scores compared with control
subjects (7.82 + 0.12 vs 9.41 £ 0.15; p < 0.001), with the
lowest values observed among individuals who required
hospitalization during the acute phase. However, preserved
educational attainment and comparable premorbid intelligence
indicate that these differences reflect state-dependent reductions
in cognitive reserve utilization and engagement, rather than loss
of premorbidly accumulated reserve capacity.

2. Post-COVID cognitive impairment is characterized by
predominant involvement of executive functions, attention, and

20

information processing speed, as evidenced by significantly
lower MoCA scores and impaired performance on Trial Making
Tests A and B. These deficits are most pronounced in patients
with severe disease and occur despite preserved premorbid
cognitive capacity.

3. In multivariate models with global cognitive performance
as the outcome, cognitive reserve indicators function as
independent protective moderators. Higher CRQ scores, greater
occupational cognitive complexity, and higher premorbid
physical activity levels are associated with better preserved
MoCA performance at one year, whereas disease severity,
systemic inflammatory burden, and older age are associated
with poorer cognitive outcomes. The final model explains a
substantial proportion of variance in post-COVID cognitive
performance (Adjusted R> = 0.521).

4. Hospitalization and elevated inflammatory markers during
the acute phase are associated with a higher likelihood of reduced
cognitive reserve utilization in the post-COVID period. These
associations are interpreted as reflecting impaired engagement
of reserve mechanisms—Ilikely mediated by fatigue, apathy, and
reduced cognitive activity—rather than accelerated depletion of
cognitive reserve itself.

5. Overall, cognitive reserve should be conceptualized as a
premorbid, relatively stable moderator of post-COVID cognitive
vulnerability, while CRQ scores in the post-infectious period
primarily index the extent to which reserve mechanisms are
effectively utilized. Assessment of cognitive reserve utilization
may support early risk stratification and inform personalized
neurorchabilitation strategies aimed at reactivating reserve
mechanisms rather than restoring reserve capacity.
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KoranTusnsliii pe3epB y NalHEeHTOB nocje

KOPOHABHPYCHOM HH(eKIHH

Beenenune: HecMoTpsiHapacTyIee KOMNIeCTBO I0KA3aTEIbCTB
HAIMYHSI CTOMKON KOTHUTHBHOH nucyrkuuu nocie COVID-19,
POJIb KOTHUTHBHOTO pe3epBa Kak MOAN(PHUINPYIONIETo GakTopa
MOCTHH(QEKIIMOHHBIX HEHPOKOTHUTHUBHBIX HMCXOJIOB OCTaeTCs
HE/IOCTaTOYHO HM3YYEHHOH, OCOOCHHO B KOHTEKCTE TSDKECTH
3a00JIeBaHMs M IPEMOPOHIIHBIX XapaKTEPUCTHK 00pa3a KHU3HH.

Hean: IlpoanHanu3upoBaTb OCOOCHHOCTH KOTHHTHBHOTO
pe3epBa y mamueHToB mnocie wuHpekunu SARS-CoV-2 u
OLICHHUTh €T0 BIIMSHHWE Ha CTPYKTYPY W BBIPAKEHHOCTH IIOCT-
COVID KOrHUTHBHBIX HapyIICHHUH.

Marepuansl 1 MeToAbl: B mccienoBanne ObUIN BKITIOYEHBI
247 nanueHToB B Bo3pacte 31-67 net, neperecunx COVID-19
(93 rocrimTanu3npoBaHHBIX U 154 neynBmIMXCSt aMOyIaTOPHO),
a taxke 50 Ml KOHTPOJIBHOW TPYHIIBI, COINOCTaBUMBIX IIO
Bo3pacty, 6e3 anamaeza COVID-19. KoranTuBHbIi pe3eps n
CBSI3aHHBIC C HUM (DAKTOPBI OIL[CHUBAJIIICH C WCIIOIL30BAHUEM
Cognitive Reserve Questionnaire (CRQ), Test of Premorbid
Functioning (TOPF), Montreal Cognitive Assessment
(MoCA), Trail Making Test A/B, Digit Span Backward
W Tecta CEMaHTHUYECKOH  BepOaIbHOW  (DIFOEHTHOCTH.
PerucrpupoBanuce npeMopOuaHbBIE XapaKTEPUCTHKH 00pasa
XKW3HH, TpodeccHoHanbHass  KOTHUTHBHAS  CJIOXKHOCTD,
ypoBeHb (PHU3NYECKONW aKTHBHOCTH, TSKECTh 3a00JIeBaHMS,
WHJIEKC Macchl TeJa ¥ BOCHAINTEIbHBIE MapKephl (TTMKOBBINA
ypoBeHb C-peakTHBHOTO Oeiika). MHOTO(haKTOpHBIE IMHEHHbIE
PETPEeCCHOHHBIC MOJEJNW CTPOMINCH C  HCHOJb30BaHUEM
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ri100aabHON KOrHUTHBHOHN (yHKIMH (onieHKka MoCA uepe3 12
MecsIIeB) B KaUueCTBE 3aBUCHMON TIEPEeMEHHOM.

Pesyabrarbl: Y manuentoB mocie COVID-19 BbisiBieHbI
JIOCTOBEpHO OoJiee HU3KME cyMMapHble nokasarenn CRQ mo
CPaBHEHHIO C KOHTpOJbHOM rpymnmoi (7,82 £ 0,12 npotus 9,41 +
0,15; p <0,001), mpu 3TOM HAMMEHBIIINE 3HAYCHUS OTMECUATUCH
y TOCHHMTAJIU3MPOBAHHBIX ITAI[IEHTOB. Y POBEHb OOpa30BaHMs
n mnpemopouaneiii uHTeeKT (TOPF) wMexny rpynmamn
CTaTHCTHYECKH 3HAYMMO HE Pa3INdalIuCh, YTO CBUIETENBCTBYET
0 COXPAaHHOCTH NPEMOPOUIHBIX KOTHUTHBHBIX BO3MOXHOCTEH.
CHmxkenue mokazareneii CRQ ObUIO TpEeHMMyIIECTBEHHO
00YCIIOBIIEHO YMEHBIICHHEM npodeccroHaNbHOMH
KOTHUTUBHOM  CIIOXXKHOCTH W  CHIDKEHHEM  KOTHHUTHBHO
aKTHBHOTO 00pa3a J>KM3HH, YTO YKasblBaeT Ha HapylleHHE
WCIIOJIb30BaHMsI KOTHUTHBHOTO PE3epBa, a HE Ha YMEHBIIICHHE
ero oosema. Onenku MoCA y marmuentoB mocie COVID-19
ObuTH TocTOBEepHO HWKE (25,4 + 0,19 nporus 27,8 £ 0,22; p
< 0,001) ¢ HOMHHHPYIOIIMM HapYIICHUEM HCIIOTHUTEIHHBIX
(GyHKIMHA, BHUIMaHUSI ¥ CKOPOCTH NepepaboTKu MH(OPMAIUH.
B  mHOrodakropHom aHammze Oojiee  OnaronpusiTHBIE
KOTHUTHBHBIE MCXO/IbI HE3aBUCHMO aCCOIMHMPOBAINCE ¢ Oojee
BbICOKUMU 3HadeHusMU CRQ, Oonbiedt mpodeccruoHampHON
KOTHHUTUBHOM CIIOXKHOCTBIO M 0OoJiee BBICOKHM YPOBHEM
MIPEeMOPOHUTHON (HU3HYECKOl aKTHBHOCTH, TOT/Ia KaK TSDKECTh
3a00JIeBaHMs, OBBIIIEHHE BOCTIANTEILHBIX MapKepoB u Oojiee
CTapUIMii BO3pacT aCCOLNUPOBAINCH C XY IIHNMHU MOKA3aTeIIMU
MoCA (Adjusted R?=0,521; p <0,001).

3akaouenne: Iloct-COVID KOTHUTHBHBIE HapyIIEHUS
pa3BHBalOTCSI Ha (OHE COXpPaHEHHOTOo MPEMOPOHIHOTO
KOTHHUTHUBHOTO pe3epBa U XapaKTepH3YIOTCS CHIKEHUEM
WCIIONIb30BaHKUS M BOBJIEYEHHOCTH PE3EPBHBIX MEXaHH3MOB,
0COOEHHO TOCIIE TSHKEIOTo TeueHHs 3a0oneBanus. KiroueBbie
ciaoBa: KorHutuBHbeIl pesepB, COVID-19, mnoct-COVID
CHHJIPOM; KOTHUTHBHBIE HapylIeHUs, IepeOpoBacKyIsIpHOE
3a0oJieBaHne, HeHpopead IINTaIHsL.
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