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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

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

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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MEDICAL AND SOCIAL REHABILITATION OF ELDERLY PATIENTS WITH POST-
COVID SYNDROME AND COPD: THE EXPERIENCE OF KYRGYZSTAN

Marina Zhorobekova*, Salima Nayzabekova, Dinara Alieva, Saikal Melisova.
International University of Kyrgyzstan, Bishkek, Kyrgyzstan.

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-α, 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 
[1]. 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.

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 



217

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 

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].
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Among the analyzed inflammatory markers, interleukin-6 
(IL-6) and tumor necrosis factor-alpha (TNF-α) 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].

•	 TNF-α 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-α 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-α and IL-6 signaling, which promote apoptosis 
(programmed cell death) of immune cells [4].

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.

•	 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-α, 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-α, 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 
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Group IL-6 (pg/mL) TNF-α (pg/mL) CRP (mg/L) Lymphocyte Count (%)
Control (n=30) 2.3 ± 0.8 1.5 ± 0.6 3.2 ± 1.1 32.8 ± 4.2
COPD (n=35) 8.7 ± 2.1 6.3 ± 1.8 7.9 ± 2.5 24.6 ± 3.8
Post-COVID (n=40) 9.2 ± 1.9 5.7 ± 1.6 8.1 ± 2.3 26.4 ± 4.1
COPD + Post-COVID (n=45) 12.4 ± 3.2 8.1 ± 2.4 11.3 ± 3.7 20.9 ± 3.5

Table 1. Inflammatory marker levels in study groups.

Note: Data presented as mean ± standard deviation.

Group FEV1 (% predicted) FVC (% predicted) FEV1/FVC Ratio (%)
Control (n=30) 92.4 ± 5.6 95.2 ± 4.8 78.3 ± 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 ± 6.4 68.9 ± 3.8
COPD + Post-COVID (n=45) 48.5 ± 6.9 58.6 ± 5.7 54.7 ± 5.2

Table 2. Pulmonary function test results.

Note: Data presented as mean ± standard deviation

Group Severe Dyspnea (mMRC ≥3) (%) Dyspnea at Rest (%) Severe Mobility Impairment (%)
Control (n=30) 3% 0% 0%
COPD (n=35) 58% 22% 45%
Post-COVID (n=40) 49% 19% 37%
COPD + Post-COVID (n=45) 73% 45% 70%

Table 3. Functional limitations and dyspnea severity by group.

Note: Data presented as mean ± standard deviation.

Altitude Oxygen Saturation (%) IL-6 (pg/mL) FEV1 (% of predicted) Fatigue Score (1-10)
Low-altitude (n=50) 96.1 ± 1.2 8.9 ± 2.4 78.4 ± 5.6 5.1 ± 1.3
High-altitude (n=50) 91.3 ± 2.8 12.6 ± 3.1 72.2 ± 6.3 7.8 ± 1.9

Table 4. Functional limitations and dyspnea severity by group.

Note: Data presented as mean ± standard deviation

Figure 1. Correlation between IL-6 levels and FEV1 decline.

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.

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.
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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-α levels had the highest 
dyspnea scores, suggesting that systemic inflammation 

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 

Figure 2. Comparison of FEV1/FVC ratio among study groups.

Figure 3. IL-6 Levels in low-altitude vs. high-altitude patients.
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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 

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 
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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.

•	 FEV1 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 

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-α, 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-α 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].
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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 

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-α, 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-α 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 
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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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