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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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cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

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.
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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
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
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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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Abstract.

Aim of study: The coexistence of chronic obstructive
pulmonary disease (COPD) and post-COVID syndrome
presents significant clinical and social challenges, particularly
among elderly populations in geographically diverse countries
such as Kyrgyzstan. This study evaluates medical and
social rehabilitation strategies for elderly patients with these
conditions, with special emphasis on differences between urban
and high-altitude regions.

Materials and methods: A mixed-methods approach was
employed, combining clinical assessments, spirometry,
biomarker analysis (IL-6, TNF-a, CRP), patient-reported
outcomes, and semi-structured interviews. The study included a
total of 150 participants aged 60 years and older, recruited from
urban (Bishkek) and high-altitude (Naryn) regions. Participants
were distributed into four groups: COPD (n=35), post-COVID
syndrome (n=40), COPD with post-COVID syndrome
(n=45), and a control group (n=30). Results demonstrated
that patients with both COPD and post-COVID syndrome
exhibited the highest inflammatory marker levels, severe lung
function decline (average FEV1 48.5% predicted), and greater
functional limitations, including mobility impairment and
severe dyspnea. Results: High-altitude patients experienced
lower oxygen saturation, elevated inflammation, and higher
fatigue scores, reflecting the additional burden of chronic
hypoxia. Rehabilitation outcomes were more favorable in
urban settings, where specialized services and oxygen therapy
were more accessible. Conclusions: The findings emphasize
the urgent need for tailored rehabilitation strategies, including
altitude-adapted pulmonary rehabilitation, anti-inflammatory
therapies, telemedicine, and expanded home-based oxygen
care. Strengthening healthcare infra-structure and addressing
regional disparities are critical for improving outcomes and
quality of life in this vulnerable population.

Key words. COPD, post-COVID syndrome, rehabilitation,
high-altitude medicine, elderly patients.

Introduction.

Chronic obstructive pulmonary disease (COPD) and post-
COVID syndrome have become major health challenges
among the elderly, significantly impacting their quality of life
and increasing the burden on healthcare systems worldwide
[I]. COPD is a progressive lung disease characterized by
persistent airflow limitation, chronic inflammation, and
recurrent exacerbations that lead to gradual respiratory decline
[2]. Post-COVID syndrome, also known as long COVID, is a
condition in which patients continue to experience symptoms
such as dyspnea, fatigue, and cognitive dysfunction long after
the acute phase of the SARS-CoV-2 infection [3]. When these
two conditions coexist in elderly patients, they create a complex
clinical scenario requiring specialized rehabilitation strategies.
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In Kyrgyzstan, the prevalence of COPD among elderly
individuals is rising due to factors such as high rates of
tobacco use, environmental pollution, and frequent exposure to
respiratory infections. Furthermore, a significant portion of the
population lives in high-altitude regions, where chronic hypoxia
exacerbates pulmonary dysfunction and contributes to immune
dysregulation [4]. These geographical and socio-economic
conditions make the rehabilitation of elderly COPD and post-
COVID patients particularly challenging, necessitating a
tailored approach to medical and social support.

Rehabilitation of elderly patients with COPD and post-COVID
syndrome involves a multidisciplinary approach that includes
pulmonary rehabilitation, physiotherapy, oxygen therapy, and
psychological support [5]. The World Health Organization
(WHO) emphasizes the importance of community-based
rehabilitation programs that integrate medical care with social
support, ensuring that elderly patients receive holistic treatment
to improve their functional status and independence [6].
However, in countries like Kyrgyzstan, access to specialized
rehabilitation services remains limited, particularly in rural and
high-altitude areas, highlighting the need for an evaluation of
existing rehabilitation programs and the development of new
strategies.

This study aims to analyze the medical and social rehabilitation
of elderly patients with COPD and post-COVID syndrome
in Kyrgyzstan, focusing on the effectiveness of rehabilitation
programs in both urban and high-altitude regions. The research
examines the role of primary healthcare providers, rehabilitation
centers, and social support systems in facilitating recovery
and improving patients’ quality of life. Additionally, the study
explores the impact of high-altitude conditions on respiratory
function and immune response, emphasizing the need for adapted
rehabilitation protocols in these environments. By identifying
the strengths and weaknesses of current rehabilitation services,
this research seeks to provide recommendations for optimizing
medical and social support for this vulnerable population.

Methods.

This study employs a mixed-methods approach, combining
qualitative and quantitative research methods to assess the
medical and social rehabilitation of elderly patients with COPD
and post-COVID syndrome in Kyrgyzstan. The research includes
a literature review, patient surveys, clinical assessments, and
expert interviews to evaluate rehabilitation strategies, identify
barriers, and propose improvements in the healthcare system.

The study was conducted in two regions of Kyrgyzstan: the
capital city Bishkek, representing an urban healthcare setting,
and the Naryn region, representing a high-altitude environment.
The study population was additionally stratified by altitude of
residence (low-altitude: Bishkek; high-altitude: Naryn). Clinical
groups (COPD, post-COVID syndrome, COPD + post-COVID
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syndrome, and control) were present in both altitude strata,
allowing comparative analysis of environmental and disease-
related factors.

The study was carried out in Bishkek and in the Naryn region.
For the analysis, 150 participants aged 60 years and older were
included. The patient sample consisted of three clinical groups:
COPD (n=35), post-COVID syndrome (n=40), and COPD with
post-COVID syndrome (n=45). In addition, 30 older adults
without COPD or persistent post-COVID symptoms were
included as a comparison group. Control participants were
matched by age and geographic region with patient groups.

The control participants were recruited from the same two
study areas as the patient groups: Bishkek (n=15) and the Naryn
region (n=15). All control participants were aged 60 years or
older. None of them had a previous diagnosis of COPD, airflow
obstruction on spirometry, or symptoms lasting more than three
months after COVID-19. The control group was used as a
reference group for inflammatory markers, spirometry results,
and symptom scores.

COPD was defined by spirometric evidence of airflow
obstruction. Post-COVID syndrome was defined as persistent
respiratory or systemic symptoms for more than three months
after documented COVID-19. Participants with acute respiratory
infection at the time of examination, advanced malignancy,
current immunosuppressive treatment, or severe non-respiratory
disease that could affect the study outcomes were not included
[2,5].

Data were collected using standardized clinical assessments,
blood tests, pulmonary function tests, and patient-reported
outcomes.

Pulmonary Function Tests:

Spirometry was used to measure forced expiratory volume
in one second and forced vital capacity. The ratio of these
parameters was analyzed to assess airflow limitation and lung
function decline. Pulse oximetry was performed to evaluate
oxygen saturation levels, particularly in high-altitude patients,
where chronic hypoxia may influence rehabilitation outcomes
[4].

Inflammatory Biomarkers:

Blood samples were collected to analyze inflammatory
cytokine levels, including interleukin-6 and tumor necrosis
factor-alpha. These biomarkers were used to assess the degree
of systemic inflammation and immune dysregulation in different
patient groups [7,8].

Patient-Reported Outcomes:

Standardized questionnaires, including the COPD Assessment
Test and the Modified Medical Research Council Dyspnea
Scale, were administered to assess symptom burden, functional
limitations, and quality of life. The Fatigue Severity Scale was
used to measure fatigue levels, a common symptom in both
COPD and post-COVID patients [3].

Social and Psychological Support Assessment:

Semi-structured interviews were conducted with patients,
caregivers, and healthcare providers to assess the availability
and effectiveness of rehabilitation programs, social support
networks, and psychological counseling. Special attention was
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given to the role of family support, accessibility of rehabilitation
centers, and financial barriers to treatment [6].

Comparison of Rehabilitation Approaches:

Rehabilitation programs in urban and high-altitude settings
were compared to evaluate differences in healthcare access,
treatment adherence, and patient outcomes. The study assessed
clinical and functional status of patients receiving routine
rehabilitation care without a structured interventional program.
The analysis focused on cross-sectional differences between
groups [9].

Descriptive statistics (mean =+ standard deviation) were
used to summarize data. Between-group comparisons were
performed using t-tests and chi-square tests as appropriate.
Descriptive statistics (mean + standard deviation) were used to
summarize data. Between-group comparisons were performed
using independent t-tests and chi-square tests as appropriate.
Regression analysis was initially planned to explore predictors
of rehabilitation outcomes; however, the present study primarily
reports cross-sectional group comparisons and correlation
analyses [10].

Qualitative data from interviews were transcribed and analyzed
thematically. Key themes related to rehabilitation accessibility,
barriers to care, and patient satisfaction were identified and
categorized. Thematic analysis was used to extract insights into
the social and psychological aspects of rehabilitation [11].

The study was conducted in accordance with ethical guidelines
for human research. Ethical approval was obtained from the
institutional review board of the participating healthcare
institutions. Written informed consent was obtained from all
participants before enrollment in the study. Confidentiality and
anonymity were maintained throughout data collection and
analysis [6].

This study has certain limitations, including a relatively small
sample size and its focus on a specific geographical region, which
may limit the generalizability of the findings. Additionally, the
long-term impact of rehabilitation programs requires further
longitudinal studies to assess sustained benefits over time [12].

Results.

This section presents the findings of the study, including
differences in immune response, pulmonary function, and
rehabilitation outcomes among elderly patients with COPD
and post-COVID syndrome. The results are structured into
three main subsections: immune and inflammatory markers,
pulmonary function decline, and the impact of high-altitude
conditions on rehabilitation outcomes.

Changes in Immune Markers and Inflammation Levels:

Chronic obstructive pulmonary disease (COPD) and post-
COVID syndrome are both characterized by persistent systemic
inflammation, which plays a crucial role in disease progression
and symptom severity. In this study, blood analysis revealed
marked elevations in key inflammatory cytokines among
patients with COPD, post-COVID syndrome, and those
with both conditions. The inflammatory response was most
pronounced in patients suffering from both diseases, indicating
that chronic lung disease and post-viral immune dysregulation
create a synergistic effect leading to more severe inflammation
and immune impairment [5].



Among the analyzed inflammatory markers, interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-a) were found to
be significantly elevated in all patient groups compared to the
control group. These cytokines play a pivotal role in sustaining
chronic inflammation, oxidative stress, and immune system
dysregulation, contributing to lung function deterioration.
Elevated C-reactive protein (CRP) levels, a marker of systemic
inflammation, further confirmed the heightened immune
activation in COPD and post-COVID patients [1].

Descriptive comparative analysis was used to evaluate
differences between study groups. Continuous variables are
presented as mean + standard deviation, while categorical
variables are expressed as percentages. The analysis revealed
consistent between-group variations across inflammatory
markers, pulmonary function parameters, and functional
outcomes. A clear gradient of worsening clinical status was
observed from the control group to COPD, post-COVID, and
COPD with post-COVID syndrome groups.

The observed differences across groups demonstrate a
consistent pattern of disease severity progression. Patients
with combined COPD and post-COVID syndrome consistently
exhibited the highest levels of inflammatory markers and the
most severe impairment in pulmonary function and functional
status, compared to single-disease and control groups.

* As shown in Table 1, IL-6 levels were significantly elevated
in all diseased groups, with the highest values observed in
COPD + post-COVID patients (12.4 + 3.2 pg/mL). IL-6
is a key pro-inflammatory cytokine that promotes chronic
inflammation and has been directly linked to pulmonary
fibrosis and lung function decline in both COPD and post-
COVID syndrome [8].

e TNF-a levels, another crucial marker of inflammatory
response and immune dysregulation, were also notably
increased, particularly in COPD + post-COVID patients (8.1
+ 2.4 pg/mL). TNF-a is known to induce airway remodeling
and worsen alveolar damage, contributing to respiratory
distress.

* CRP levels, a nonspecific inflammatory marker, were highest
in the COPD + post-COVID group (11.3 + 3.7 mg/L),
reflecting widespread systemic inflammation. Elevated
CRP is associated with higher exacerbation rates and more
frequent hospitalizations among COPD patients, and post-
COVID syndrome appears to exacerbate this inflammatory
state [7].

In addition to increased pro-inflammatory cytokines,
lymphocyte counts were significantly reduced in COPD and
post-COVID patients, particularly in the combined COPD +
post -COVID group (20.9 + 3.5%).

* Lymphopenia (low lymphocyte count) is a hallmark of
immune exhaustion, commonly observed in chronic
inflammatory diseases and post-viral syndromes.

* A lower percentage of lymphocytes is linked to weakened
adaptive immunity, making patients more vulnerable to
secondary infections and exacerbations [3].

* The reduction in lymphocytes is believed to be driven by
chronic immune activation, oxidative stress, and excessive
TNF-a and IL-6 signaling, which promote apoptosis
(programmed cell death) of immune cells [4].
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To investigate the relationship between inflammation and
respiratory impairment, a correlation analysis was performed
between IL-6 levels and FEV1 (% predicted) (see Figure 1).

* Higher IL-6 levels were associated with lower FEV1 values,
indicating that increased systemic inflammation contributes
to lung function decline.

o Patients with IL-6 levels above 10 pg/mL exhibited an
average FEV1 of 50% predicted, compared to 92% in the
control group.

» The steepest decline in lung function was observed in COPD
+ post-COVID patients, who exhibited both high IL-6 levels
and low FEV1 values.

These results reinforce previous findings that persistent
immune activation and chronic inflammation play a central role
in pulmonary deterioration in COPD and post-COVID patients
[9].

The observed increase in IL-6, TNF-a, and CRP, combined with
lymphopenia, suggests that COPD and post-COVID patients
experience a sustained inflammatory response that worsens
respiratory symptoms and accelerates disease progression.

* Persistent inflammation may contribute to increased
frequency and severity of exacerbations, particularly in high-
risk patients with both COPD and post-COVID syndrome
[5].

* Elevated IL-6 and CRP levels may serve as biomarkers to
predict disease progression and treatment response, helping
clinicians tailor personalized rehabilitation programs.

* Lymphopenia may indicate immune exhaustion, suggesting
that immunomodulatory therapies could play a role in
improving outcomes for these patients [11].

Future research should focus on targeted anti-inflammatory
therapies to mitigate the long-term impact of immune
dysregulation and chronic inflammation in COPD and post-
COVID patients.

Summary of Key Findings:

1. Patients with COPD and post-COVID syndrome exhibit
significantly elevated levels of IL-6, TNF-a, and CRP,
reflecting chronic systemic inflammation.

2. The highest inflammatory marker levels were observed in
the combined COPD + post-COVID group, indicating a
compounding effect of these conditions.

3. Lymphopenia was present in all diseased groups, particularly
in the COPD + post-COVID group, suggesting immune
exhaustion and increased susceptibility to infections.

4. Higher IL-6 levels were inversely correlated with FEV1,
confirming that systemic inflammation contributes to lung
function decline.

5. Elevated inflammatory markers may serve as predictive
biomarkers for disease progression, helping guide
personalized rehabilitation and treatment strategies.

Pulmonary Function Decline in COPD and Post-COVID
Patients:

Pulmonary function decline is a hallmark of COPD and is
further exacerbated in patients suffering from post-COVID
syndrome. The combined impact of these conditions results in
significant respiratory impairment, characterized by reduced
airflow, increased airway resistance, and greater functional



limitations. The following section presents spirometry findings
that demonstrate the severity of lung function deterioration in
affected individuals.

Pulmonary function tests (PFTs) revealed a significant decline
in FEV1, FVC, and the FEV1/FVC ratio among COPD and
post-COVID patients. The most severe deterioration was
observed in individuals diagnosed with both COPD and post-
COVID syndrome, with FEV1 values dropping below 50%
of the predicted norm. This severe airflow limitation suggests
progressive lung damage, heightened airway obstruction, and
greater respiratory distress.

Table 1. Inflammatory marker levels in study groups.

FEV1, which measures the volume of air forcibly exhaled in
one second, was significantly lower in COPD + post-COVID
patients compared to those in the COPD-only or post-COVID-
only groups (see Table 2). This indicates a greater degree of
airway obstruction, suggesting that post-COVID syndrome may
accelerate lung function decline in individuals with pre-existing
respiratory disease.

FVC, representing total lung capacity, was also notably
reduced in COPD and post-COVID patients. A decline in FVC
suggests restrictive changes in lung mechanics, possibly due to
fibrosis or persistent inflammation affecting lung elasticity.

Group IL-6 (pg/mL) TNF-a (pg/mL) CRP (mg/L) Lymphocyte Count (%)
Control (n=30) 23+0.8 1.5+0.6 3.2+ 1.1 32.8+4.2
COPD (n=35) 87+2.1 63+1.8 79+25 24.6 +3.8
Post-COVID (n=40) 92+1.9 57+1.6 8.1+23 264 +4.1
COPD + Post-COVID (n=45) 12.4+3.2 8.1+24 11.3+£3.7 20.9+3.5
Note: Data presented as mean + standard deviation.

Table 2. Pulmonary function test results.

Group FEV1 (% predicted) FVC (% predicted) FEV1/FVC Ratio (%)
Control (n=30) 924+£5.6 95.2+4.38 783 +3.2

COPD (n=35) 55.7+8.3 67.9+7.1 63.1+4.6
Post-COVID (n=40) 61.2+7.5 72.1+64 68.9+3.8

COPD + Post-COVID (n=45) 48.5+6.9 58.6£5.7 54.7+£52

Note: Data presented as mean + standard deviation

Table 3. Functional limitations and dyspnea severity by group.

Group Severe Dyspnea (mMRC >3) (%)
Control (n=30) 3%

COPD (n=35) 58%

Post-COVID (n=40) 49%

COPD + Post-COVID (n=45) 73%

Note: Data presented as mean + standard deviation.

Table 4. Functional limitations and dyspnea severity by group.

Altitude Oxygen Saturation (%)

IL-6 (pg/mL)

Dyspnea at Rest (%) Severe Mobility Impairment (%)

0% 0%

22% 45%
19% 37%
45% 70%

FEV1 (% of predicted) Fatigue Score (1-10)

Low-altitude (n=50) 96.1+1.2 89+24 78.4+5.6 5.1+1.3
High-altitude (n=50) 91.3+2.8 126 +3.1 722 +6.3 7.8+1.9
Note: Data presented as mean + standard deviation
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Figure 1. Correlation between IL-6 levels and FEV1 decline.
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Figure 3. IL-6 Levels in low-altitude vs. high-altitude patients.

The FEV1/FVC ratio, a critical indicator of airflow limitation,
was lowest in the COPD + post-COVID group, falling to 54.7%,
well below the threshold for moderate to severe obstructive
lung disease. This suggests that patients with both conditions
experience a greater degree of airway collapse and ventilation
inefficiency.

As shown in the Figure 2, the decline in pulmonary function
was strongly correlated with worsening respiratory symptoms,
particularly dyspnea and functional limitations. Patients with
both COPD and post-COVID syndrome reported the highest
severity of breathlessness, with many experiencing dyspnea
even at rest or during minimal exertion [3].

The Modified Medical Research Council (mMRC) Dyspnea
Scale was used to assess the severity of breathlessness among
patients. The results revealed that:

» Seventy-three percent of COPD + post-COVID patients
reported severe dyspnea (mMRC grade 3 or higher),
significantly more than those in the COPD-only (58%) or
post-COVID-only (49%) groups.

» Forty-five percent of COPD + post-COVID patients reported
dyspnea at rest, indicating severe impairment of respiratory
function.

» Patients with higher IL-6 and TNF-a levels had the highest
dyspnea scores, suggesting that systemic inflammation
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contributes to worsening breathlessness and pulmonary
decline [5].

The decline in lung function translated into significant
impairments in physical activity and daily living tasks.

* Over seventy percent of COPD + post-COVID patients had
severe limitations in activities such as walking, climbing
stairs, and performing household chores.

* Fifty-two percent of COPD + post-COVID patients required
assistive devices (such as walkers or canes) due to extreme
exercise intolerance.

» Patients with lower FEV1 values were significantly
more likely to report reduced mobility and dependence
on caregivers, emphasizing the role of lung function in
maintaining independence [9].

A key finding of this study is that post-COVID syndrome
appears to exacerbate pre-existing COPD-related lung function
decline, as presented in Table 3. Patients with COPD and a
history of severe COVID-19 infection had significantly worse
spirometry results than those who had COPD alone.

* COPD patients with a history of severe COVID-19 had an
FEV1 decline of an additional 5-10% compared to those
without COVID-19 exposure.

* FEV1 decline was more pronounced in patients with
persistent post-COVID symptoms such as fatigue, chronic



cough, and pulmonary fibrosis-like changes observed on CT
scans [12].

* Persistent inflammation and immune dysregulation may
contribute to accelerated lung function deterioration, leading
to more frequent COPD exacerbations [10].

Summary of Key Findings:

* Pulmonary function tests (PFTs) showed significant FEV1
and FVC reductions in COPD and post-COVID patients,
with the greatest impairment in those with both conditions.

* The lowest FEV1 values were recorded in COPD + post-
COVID patients, with an average FEV1 of 48.5% predicted,
indicating severe airflow obstruction.

* Dyspnea was significantly more severe in COPD + post-
COVID patients, with 73% reporting mMRC grade >3 and
45% experiencing dyspnea at rest.

* Over 70% of COPD + post-COVID patients reported severe
mobility impairments, affecting their ability to perform daily
tasks and maintain independence.

* Post-COVID syndrome appears to exacerbate lung function
decline in COPD patients, particularly in those with a history
of severe COVID-19 infection.

Impact of High-Altitude Conditions on Immune Response
and Pulmonary Function:

High-altitude environments present unique physiological
challenges, particularly for elderly patients with pre-existing
respiratory conditions such as COPD and post-COVID
syndrome. The reduced oxygen availability at elevations
above 2000 meters leads to chronic hypoxia, which can
trigger systemic inflammation, oxidative stress, and impaired
pulmonary function. This section examines the effects of high-
altitude living on oxygen saturation, inflammatory markers, and
lung function decline, as well as the challenges associated with
rehabilitation in these conditions.

Blood oxygen saturation is a critical measure of pulmonary
efficiency, reflecting the ability of the lungs to deliver oxygen
to the bloodstream. Patients residing in high-altitude regions
exhibited significantly lower oxygen saturation levels, indicating
chronic hypoxemia.

In addition, IL-6 levels were substantially elevated in
high-altitude patients, suggesting a persistent inflammatory
response that could contribute to increased disease severity and
exacerbation risk in COPD and post-COVID patients.

Comparative descriptive analysis of altitude groups
demonstrated noticeable differences in oxygen saturation,
inflammatory markers, pulmonary function, and fatigue scores.
Patients living at high altitude showed a consistent pattern
of reduced oxygenation and increased inflammatory burden
compared to low-altitude residents.

We see in Table 4 that oxygen saturation was significantly lower
in high-altitude patients, suggesting that chronic exposure to
lower atmospheric oxygen levels results in sustained hypoxemia.
IL-6 levels were markedly elevated in high-altitude patients,
indicating an ongoing inflammatory response (see Figure 3).
Hypoxia is known to stimulate inflammatory pathways, further
worsening systemic inflammation. FEV1 values were lower
in high-altitude residents, suggesting an additional decline in
lung function due to chronic oxygen deprivation. Fatigue scores
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were significantly higher in high-altitude patients, reinforcing
the link between chronic hypoxia, inflammation, and reduced
energy levels.

These findings indicate that high-altitude conditions exacerbate
both pulmonary dysfunction and systemic inflammation
in patients with COPD and post-COVID syndrome. The
combination of chronic hypoxia and inflammation may
accelerate lung tissue damage, increase the frequency of
exacerbations, and contribute to progressive respiratory failure
in this vulnerable population.

Managing COPD and post-COVID syndrome in high-altitude
environments presents significant challenges, particularly
regarding symptom control, treatment access, and rehabilitation
options. Patients in these regions face a combination of
environmental, medical, and logistical barriers that hinder their
ability to manage their condition effectively.

Increased Respiratory Distress and Exacerbations.

* High-altitude patients reported significantly more frequent
episodes of dyspnea and respiratory distress than those living
at lower elevations.

* The incidence of COPD exacerbations was higher in high-
altitude patients, likely due to hypoxia-induced pulmonary
vasoconstriction, which can increase right heart strain and
worsen ventilation-perfusion mismatch.

» Patients with both COPD and post-COVID syndrome
exhibited the worst outcomes, with a higher frequency of
hospital admissions and greater reliance on supplemental
oxygen therapy compared to lower-altitude counterparts.

Limited Access to Specialized Rehabilitation Centers.

* Many high-altitude communities lack access to pulmonary
rehabilitation programs, which are essential for improving
lung function, exercise tolerance, and quality of life in COPD
and post-COVID patients.

» Travel to urban medical centers is often difficult for elderly
patients, leading to delays in receiving specialized respiratory
care, physiotherapy, and long-term disease management
strategies.

* Availability of trained rehabilitation specialists is lower
in high-altitude areas, reducing access to integrated care
programs that combine medical, physical, and psychological
support for patients.

Increased Need for Oxygen Therapy and Home-Based
Care.

* Due to chronic hypoxia, oxygen therapy was more frequently
required in high-altitude patients, particularly among those
with severe COPD or post-COVID lung complications.

» Portable oxygen concentrators were in high demand among
patients living above 2000 meters, with many requiring
continuous low-flow oxygen supplementation to prevent
desaturation.

* Home-based rehabilitation programs may be necessary for
these patients, given the challenges of traveling to distant
healthcare facilities for routine therapy and follow-ups.

The findings of this study highlight the need for tailored
rehabilitation approaches for COPD and post-COVID patients
residing at high altitudes. The unique environmental stressors in



these regions require adaptive strategies to mitigate the effects
of chronic hypoxia, improve oxygenation, and enhance overall
patient outcomes.

Key recommendations include:

* Expansion of pulmonary rehabilitation services in high-
altitude areas to improve accessibility to structured exercise
programs, breathing techniques, and physiotherapy
interventions.

* Implementation of telemedicine and remote monitoring
programs to provide ongoing medical support to patients
who face barriers to in-person care.

* Increased availability of home-based oxygen therapy to
support patients with chronic hypoxemia and prevent
exacerbations.

» Further research into hypoxia-related inflammation and its
long-term impact on lung function decline in high-altitude
COPD and post-COVID patients.

Summary of Key Findings:

* High-altitude COPD and post-COVID patients had lower
oxygen saturation levels and higher IL-6 levels, suggesting
worsened hypoxia-induced inflammation.

* FEVI values were significantly lower in high-altitude
patients, indicating a greater decline in pulmonary function.

» Fatigue scores were significantly higher in high-altitude
patients, suggesting a link between chronic hypoxia,
inflammation, and reduced energy levels.

* Respiratory distress was more frequent in high-altitude
patients, particularly those with both COPD and post-
COVID syndrome, leading to higher exacerbation rates and
hospitalizations.

» Limited access to specialized rehabilitation programs posed
challenges for managing chronic lung disease in high-altitude
areas.

* Oxygen therapy was more frequently required in high-
altitude patients due to persistent hypoxemia and increased
breathing difficulties.

Discussion.

This study provides important insights into the effects of post-
COVID syndrome and COPD on pulmonary function, immune
response, and rehabilitation challenges, particularly in high-
altitude environments. The findings highlight the significant
impact of systemic inflammation, immune dysregulation, and
chronic hypoxia on lung function decline and overall health in
elderly patients.

The obtained data are consistent with findings from other
high-altitude populations. A recent cross-sectional study in
Peru among workers with intermittent high-altitude exposure
(3,400 m) and COVID-19 history revealed that 72.2% exhibited
spirometric abnormalities, with severe COVID-19, prolonged
high-altitude exposure (=7 years), and higher comorbidity
burden as independent predictors of spirometric alterations
[13]. This aligns with our observation that high-altitude patients
experienced more pronounced functional limitations and elevated
inflammatory markers. Furthermore, clinical observations
from Bolivia emphasize that altitude-specific physiological
adaptations must be considered when evaluating pulmonary
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function, particularly in patients with overlapping hypoxic
conditions such as post-COVID syndrome [14]. The Bolivian
experience confirms that chronic hypoxia-related immune
dysregulation requires specialized approaches to rehabilitation
in high-altitude residents. Regarding rehabilitation strategies,
our findings are consistent with research conducted in the High
Tatras mountain region (760—1,067 m), where climatotherapy
combined with structured pulmonary rehabilitation significantly
improved FEV1, exercise capacity (6-MWT), and quality of life
in COPD patients [15]. These comparative findings suggest that
the challenges observed in Kyrgyzstan reflect broader patterns
in high-altitude populations globally, underscoring the need
for region-specific approaches to post-COVID and COPD
management in mountainous areas.

One of the most striking findings of this study is the elevated
levels of inflammatory markers, particularly IL-6, TNF-a, and
CRP, in COPD and post-COVID patients. The highest levels
were observed in patients with both conditions, suggesting
a compounding effect of chronic inflammation and post-viral
immune dysregulation.

Inflammation plays a central role in COPD pathophysiology,
contributing to airway remodeling, increased mucus production,
and progressive airflow limitation [1]. Post-COVID syndrome
appears to exacerbate this process by inducing a prolonged
immune response, which can lead to further tissue damage,
fibrosis, and reduced pulmonary function [3].

The inverse correlation between IL-6 levels and FEV1 suggests
that higher systemic inflammation is directly associated with
worsening lung function. This supports previous research
indicating that IL-6 is not only a marker of disease severity but
also an active contributor to pulmonary dysfunction in both
COPD and post-COVID patients [5].

Given these findings, anti-inflammatory interventions may
play a crucial role in disease management. Targeted therapies
aimed at reducing IL-6 and TNF-a levels, such as monoclonal
antibodies and corticosteroids, could potentially mitigate
disease progression and improve lung function in this vulnerable
population [8].

The results confirm that post-COVID syndrome significantly
worsens lung function in COPD patients, with FEV1 values
declining more steeply in individuals who had a severe
COVID-19 infection. This aligns with existing literature
suggesting that long-term pulmonary impairment in COVID-19
survivors is due to persistent inflammation, vascular damage,
and lung fibrosis [12].

Furthermore, patients with post-COVID syndrome reported
higher fatigue scores, increased dyspnea, and greater functional
limitations, which may be attributed to residual lung damage
and immune dysregulation [9]. This suggests that post-COVID
patients with pre-existing respiratory diseases require longer
rehabilitation programs and more intensive respiratory therapy
compared to those with COPD alone.

These findings underscore the importance of early pulmonary
rehabilitation and continuous monitoring of lung function in
post-COVID patients. Rehabilitation programs focusing on
breathing exercises, physical conditioning, and inflammation
control could help mitigate the long-term impact of post-
COVID syndrome on respiratory health [10].



The study also highlights the negative impact of chronic
hypoxia at high altitudes on pulmonary function and immune
response. Patients living in high-altitude environments
exhibited lower oxygen saturation, higher IL-6 levels, and more
severe lung function decline compared to those living at lower
elevations.

Hypoxia is known to increase inflammation by stimulating
pro-inflammatory cytokine production and oxidative stress [4].
This may explain why COPD and post-COVID patients living
at high altitudes had worse outcomes, including higher rates of
respiratory distress and fatigue.

The significant reduction in FEV1 and FVC in high-altitude
patients suggests that chronic exposure to low oxygen levels
accelerates lung function deterioration. This is consistent with
previous studies demonstrating that hypoxic environments
contribute to pulmonary hypertension, increased airway
resistance, and higher exacerbation rates in COPD patients [11].

These findings emphasize the need for adaptive rehabilitation
strategies for patients residing in high-altitude regions. Oxygen
therapy, altitude-adjusted pulmonary rehabilitation, and anti-
inflammatory treatments could help counteract the detrimental
effects of chronic hypoxia on lung function [16].

The study also identifies several barriers to effective
rehabilitation, particularly for patients in high-altitude regions.
Limited access to pulmonary rehabilitation centers, lack of
trained specialists, and logistical difficulties in reaching urban
healthcare facilities pose significant challenges for these
patients.

Additionally, many COPD and post-COVID patients at high
altitudes require long-term oxygen therapy due to persistent
hypoxia. However, availability of oxygen concentrators and
home-based care programs remains inadequate in many regions
[7].

Telemedicine and home-based rehabilitation programs could
be a viable solution for improving patient care in remote high-
altitude locations. Implementing mobile health monitoring
systems, virtual respiratory therapy sessions, and community-
based health interventions could help bridge the gap in
healthcare access [6].

Implementation of telemedicine presents both opportunities
and challenges for COPD and post-COVID rehabilitation
in Kyrgyzstan. While telerehabilitation programs have
demonstrated effectiveness in improving respiratory outcomes,
dyspnea control, and quality of life in post-COVID patients [17],
several barriers must be addressed for successful implementation
in the Kyrgyz context. Infrastructure limitations, including
inconsistent internet access in rural and high-altitude regions,
pose significant challenges to establishing reliable telemedicine
services [18]. Additionally, low levels of digital literacy among
both healthcare providers and patients may hinder adoption
of remote monitoring technologies [19]. Financial constraints
within the healthcare system and unclear regulatory frameworks
for telemedicine practice further complicate implementation
efforts. Addressing these challenges requires coordinated
investment in telecommunications infrastructure, development
of training programs for medical staff, establishment of clear
telemedicine protocols, and creation of sustainable financing
mechanisms. Despite these obstacles, telemedicine remains
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a promising solution for expanding access to specialized

respiratory care in underserved regions of Kyrgyzstan.

The findings of this study have important clinical implications
for the management of COPD and post-COVID syndrome,
particularly in high-altitude regions. Based on these results,
several key strategies should be considered:

+ Early identification of high-risk patients through biomarker
analysis (IL-6, TNF-a, and CRP levels) to predict lung
function decline and guide individualized treatment plans.

* Integration of anti-inflammatory therapies into COPD and
post-COVID management protocols to reduce disease
progression and improve respiratory outcomes.

* Expansion of pulmonary rehabilitation services, with
an emphasis on home-based programs and telemedicine
solutions for high-altitude residents.

* Further research into hypoxia-related inflammation and its
impact on long-term lung function decline, with a focus on
developing altitude-specific treatment guidelines.

Future studies should also investigate the role of genetic
adaptations to high-altitude living and their influence on
COPD and post-COVID recovery. Understanding how chronic
hypoxia interacts with immune dysregulation could pave the
way for personalized treatment approaches for patients in these
environments [4].

Conclusion.

This study highlights the significant impact of post-COVID
syndrome and COPD on lung function decline, systemic
inflammation, and rehabilitation challenges, particularly in
high-altitude environments. The findings confirm that patients
with both conditions experience more severe respiratory
impairment, increased inflammatory markers, and greater
functional limitations compared to those with either condition
alone. The presence of chronic inflammation, as evidenced by
elevated IL-6 and TNF-a levels, is strongly correlated with
reduced pulmonary function, emphasizing the need for targeted
anti-inflammatory interventions in disease management.

Post-COVID syndrome appears to accelerate the progression
of COPD, leading to worsened airflow limitation, increased
breathlessness, and a higher burden of fatigue. These effects
are further exacerbated by chronic hypoxia in high-altitude
environments, where reduced oxygen saturation contributes to
heightened systemic inflammation and increased respiratory
distress. The study demonstrates that COPD and post-
COVID patients residing at high altitudes require specialized
rehabilitation strategies that address both oxygenation and
immune modulation.

Descriptive statistical comparisons across all study groups
demonstrated consistent differences in inflammatory markers,
pulmonary function, and functional outcomes, with patients
suffering from both COPD and post-COVID syndrome showing
the most severe clinical impairment compared to single-disease
and control groups.

The challenges associated with rehabilitation in high-altitude
regions, including limited access to specialized care, a lack of
rehabilitation facilities, and a greater reliance on oxygen therapy,
highlight the need for improved healthcare infrastructure.
Expanding pulmonary rehabilitation services, integrating
telemedicine for remote monitoring, and enhancing home-based



oxygen therapy availability are critical steps toward improving
patient outcomes.

Future research should focus on understanding the long-
term consequences of post-COVID syndrome in COPD
patients, particularly in relation to immune dysregulation and
lung function decline. Additionally, investigating genetic and
physiological adaptations to high-altitude living may provide
insights into personalized treatment approaches for patients
residing in such environments.

In conclusion, addressing the complex interplay between
systemic inflammation, pulmonary impairment, and high-altitude
hypoxia is essential for optimizing the management of COPD
and post-COVID patients. Implementing multidisciplinary
rehabilitation programs, improving healthcare accessibility, and
advancing research into hypoxia-driven immune responses will
be key to improving the quality of life and long-term health
outcomes for this vulnerable population.
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