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Background: Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2, has resulted in persistent symptoms in some
individuals—referred to as long COVID or post-acute sequelae of SARS-CoV-2 infection (PASC). Common symptoms such as
fatigue, dyspnea, anxiety, and depression can markedly impair health-related quality of life (HRQOL). Conventional rehabilitation may
be insufficient, raising interest in Adapted Physical Activity (APA) as a non-pharmacological strategy to improve physical and
psychological outcome. Thus, this study aimed to evaluate the short- and medium-term effects of an APA protocol on HRQOL and
psychological outcomes in patients with long COVID.

Methods: Fifty non-hospitalized patients with long COVID (mean age 52.0 + 15.3 years; 44% female) participated in in
a prospective, longitudinal observational study. Each patient underwent a 6-week APA program consisting of two 30-minute
individualized cardiorespiratory sessions per week. HRQOL (SF-12), anxiety, and depression (HADS) were evaluated at baseline
(E1), immediately post-intervention (E2), and at 5-7 months follow-up (E3).

Results: Significant improvements were found in both physical and mental SF-12 scores across time points (p<0.001). The
proportion of patients with normal physical HRQOL rose from 16% at baseline to 90% at E2 and remained higher than baseline at
E3 (66%). Symptoms of anxiety and depression were significantly reduced (p <0.001). Dyspnea prevalence decreased substantially
from baseline to follow-ups. Strong negative correlations were observed between HRQOL and HADS scores (p <0.001).
Conclusion: The APA protocol showed significant short- and medium-term improvements in HRQOL and psychological outcomes in
long COVID patients. Benefits were more pronounced for physical symptoms and anxiety than for depression. These findings suggest
that structured physical activity may offer a feasible, non-pharmacological strategy to enhance recovery and quality of life.
Incorporating APA into routine care may help meet the diverse functional and psychological needs of this population.
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Contributions to the Literature

e This study demonstrates the effectiveness of Adapted Physical Activity (APA) protocols as a non-pharmacological
intervention for managing physical and psychological sequelae of long COVID.

e [t provides robust evidence of significant short- and medium-term improvements in health-related quality of life
(HRQOL), anxiety, and depression.

e The study emphasizes the value of individualized rehabilitation strategies to address the diverse needs of long
COVID patients.

¢ Findings advocate for integrating structured exercise programs into routine care to enhance recovery and reduce
healthcare burdens.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has resulted in unprecedented global health challenges.' > While acute COVID-19 has been extensively
studied, increasing attention is now focused on the long-term sequelae of the infection, commonly referred to as “long
COVID” or “post-acute sequelac of SARS-CoV-2 infection” (PASC).* Long COVID is characterized by persistent
symptoms and functional impairments that extend beyond the acute phase of infection, often lasting for months.>

The prevalence of long COVID varies across studies, with estimates ranging from 10% to 30% of individuals who
have had COVID-19.” A systematic review by Lopez-Leon et al.® identified 55 long-term effects of COVID-19, with
fatigue, headache, attention disorder, hair loss, and dyspnea being the most common. The heterogeneity in reported
prevalence and symptom profiles underscores the complex nature of long COVID and the challenges in its diagnosis and
management. Long COVID affects multiple organ systems, with symptoms spanning respiratory, cardiovascular,
neurological, and psychological domains.” Respiratory symptoms, such as persistent dyspnea and reduced exercise
tolerance, are particularly common and can significantly impact patients’ quality of life.'® Neurological and cognitive
symptoms, often referred to as “brain fog”, include difficulties with memory, concentration, and executive function.''
Additionally, a high prevalence of mental health issues, including anxiety and depression, has been reported in long
COVID patients.'* This is consistent with findings from clinical populations, where elevated levels of anxiety, depres-
sion, and post-traumatic stress symptoms have been documented among COVID-19 survivors.'* The pathophysiology of
long COVID remains incompletely understood. Proposed mechanisms include persistent viral reservoirs, autoimmune
phenomena, and dysregulated inflammatory responses.'*

Health-related quality of life (HRQOL) is increasingly recognized as a crucial outcome measure in long COVID
research and clinical practice.'” Studies have consistently shown that long COVID patients experience significant
reductions in HRQOL across physical, mental, and social domains.'® In this prospective cohort study conducted across
17 countries,'” including both high-income and low-to-middle-income countries, researchers found that a significant
proportion of COVID-19 survivors experienced persistent symptoms like fatigue, breathlessness, and cognitive dysfunc-
tion up to 12 months post-hospital discharge.'® These symptoms were associated with reduced quality of life and daily
functioning.!” The impact of long-term COVID-19 on HRQOL extends beyond the individual patient, affecting families,
communities, and healthcare systems.'” Many long COVID patients struggle to return to work or maintain pre-illness
levels of productivity, leading to significant economic consequences.””

Given the diverse and persistent nature of long COVID symptoms, there is a growing recognition of the need for
comprehensive rehabilitation strategies.”’ Rehabilitation interventions aim to address the multi-system effects of long-
term COVID-19, improve functional capacity, and enhance overall quality of life.”> However, the optimal approach to
long COVID rehabilitation remains a subject of ongoing research and debate. Standard rehabilitation for Long COVID
typically involves pulmonary training for respiratory function and fatigue, as well as cognitive therapy for neurocognitive
impairments. In contrast, Adapted Physical Activity (APA) offers a more comprehensive, personalized approach by
combining aerobic, respiratory, and strength training to address both physical and psychological sequelae. This inte-
grative method enhances the potential for scalable, individualized recovery within the broader rehabilitation
framework.”® In addition, physical activity and exercise-based interventions have shown promise in addressing many
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of the symptoms associated with long COVID.?* A systematic review by Torres and Gradidge® highlighted the potential
benefits of exercise in improving cardiorespiratory fitness, muscle strength, and fatigue in post-COVID-19 patients.
However, concerns about post-exertional symptom exacerbation have led to calls for caution and individualized
approaches to exercise prescription in this population.”® APA protocols represent a tailored approach to rehabilitation
that considers the unique challenges faced by long COVID patients.”” These protocols typically incorporate
a combination of aerobic exercise, strength training, and respiratory exercises, with careful monitoring and progression
based on individual patient responses.?’*

The high prevalence of mental health issues in long COVID patients highlights the need for integrated psychological
interventions.?” Anxiety and depression not only impact quality of life but may also exacerbate physical symptoms and
hinder recovery.”® Cognitive-behavioral therapy (CBT) and mindfulness-based interventions have shown efficacy in
managing chronic illness symptoms and may be beneficial for long-term COVID patients.>* Moreover, the uncertain
prognosis and often invisible nature of long COVID symptoms can lead to feelings of frustration, isolation, and lack of
validation.'

Recent evidence shows that structured APA effectively reduces anxiety and depression in long COVID patients,
thanks to its physiological, cognitive, and social benefits.*> Combining personalized aerobic and respiratory training,
APA supports both physical recovery and psychological resilience by modulating stress and enhancing self-efficacy.*”
These findings support its integration into multidisciplinary post-COVID care.

Despite the growing body of research on long COVID, significant knowledge gaps remain. The natural history of the
condition, including the trajectory of symptom resolution and potential for full recovery, is not yet fully understood.>*
There is also a need for well-designed, controlled studies evaluating the efficacy of various rehabilitation approaches for
long COVID.*> While early evidence supports the use of exercise-based interventions, questions remain regarding the
optimal timing, intensity, and duration of such programs.*® The long-term impact of COVID-19 on healthcare systems
and society at large is another area requiring ongoing research.®’

The present study aims to address this gap by investigating the short- and medium-term impacts of an APA protocol
on health-related quality of life and psychological outcomes in patients with long-term COVID.

Material and Methods

Study Design

This single-center, prospective, longitudinal observational study included 50 patients (mean age 52.0 = 15.3 years; 44%
female) with long COVID and was conducted at the Physical Medicine and Rehabilitation Department of Mohamed
Kassab Institute of Orthopedics, Manouba, Tunisia, from June 2020 to March 2022, at the beginning of May 2020. The
study protocol was approved by the institutional ethics committee of the National Institute of Orthopedy Mohamed
KASSAB under the reference (IMKO-CE-2022-2), and conducted by the Declaration of Helsinki. It also complied with
the highest ethical and procedural requirements of the conduct of sports medicine and exercise science research as

outlined by Guelmemi et al.*® All participants provided written informed consent before enrollment.

Participants

The sample size was calculated using G*Power 3.1 software.>” Assuming a medium effect size of 0.5, alpha of 0.05, and
power of 0.80 for repeated measures ANOVA with 3-time points, the required sample size was 28 participants.
Accounting for potential attrition, we aimed to recruit 50 participants.

Patients with long COVID-19 referred for cardiorespiratory rehabilitation were eligible for inclusion. Long COVID
was defined as the presence of symptoms persisting for at least 4 weeks after acute SARS-CoV-2 infection. Inclusion
criteria were: 1) age 18-85 years, 2) symptoms meeting the definition of long COVID, 3) no contraindications to
exercise, and 4) ability to provide informed consent. Exclusion criteria were: oxygen dependence, cognitive/psychiatric
impairment affecting evaluation accuracy, pregnancy, and unwillingness to participate.
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Procedures

Eligible participants underwent baseline assessment (E1) before beginning a 6-week individualized outpatient APA
protocol. The protocol consisted of two 30-minute sessions per week, incorporating respiratory training, bronchial
decongestion, and exercise rehabilitation tailored to each patient’s cardiorespiratory needs. Exercise intensity was
progressively adjusted throughout the intervention period. Participants were instructed to maintain their usual diet and
physical activity levels outside of the intervention sessions. They were encouraged to attend all sessions and complete
home exercises as prescribed. Adherence was monitored through attendance logs and exercise diaries.

Follow-up assessments were conducted immediately post-intervention (E2) and 5—7 months post-intervention (E3).
All evaluations were conducted in a quiet, temperature-controlled room by the same experienced evaluator blinded to
previous results. Participants were asked to avoid caffeine, alcohol, and strenuous exercise for 24 hours before testing.
Verbal encouragement was provided during physical assessments to elicit maximal effort.

Measurements
Demographic data, medical history, anthropometrics, and COVID-19 illness characteristics were collected at baseline.
The following outcome measures were assessed at E1, E2, and E3.

Health-Related Quality of Life

Health-related quality of life was assessed using the 12-Item Short Form Health Survey (SF-12), a shortened version of
the SF-36 developed by the RAND Corporation and John E. Ware Jr. The SF-12 measures health-related quality of life
through eight domains: physical functioning, role physical, bodily pain, general health, vitality, social functioning, role
emotional, and mental health. These domains are combined into two composite scores: the Physical Component
Summary (PCS) and the Mental Component Summary (MCS). The scoring method uses a norm-based algorithm, with
a mean of 50 and a standard deviation of 10, allowing for comparisons across populations. Higher scores reflect better
health status. The SF-12 has been validated in numerous studies, with Cronbach’s alpha values typically exceeding 0.80,
indicating high reliability. Its validity has been confirmed through strong correlations with the SF-36 and other quality-of-
life measures. It is widely used in both clinical and research settings, particularly for populations with chronic conditions

like cancer, diabetes, and respiratory diseases.*’

Dyspnea

The degree of breathlessness was assessed using the Modified Medical Research Council (mMRC) Dyspnea Scale,
developed by the Medical Research Council in the UK. This tool is a simple, patient-reported scale that evaluates
dyspnea on a five-point scale from 0 to 4, with higher scores indicating more severe breathlessness. The mMRC scale is
commonly used in clinical practice and research to assess functional impairment in patients with chronic respiratory
diseases such as chronic obstructive pulmonary disease (COPD) and idiopathic pulmonary fibrosis (IPF). It has shown
good reliability, with inter-rater and test-retest reliability coefficients exceeding 0.70 in validation studies. Furthermore, it
is correlated with objective measures of lung function, such as FEV 1, and quality-of-life tools, providing strong evidence
for its validity. Its simplicity and ease of administration make it a practical tool for routine assessments.*’

Psychological Status

Psychological status was measured using the Hospital Anxiety and Depression Scale (HADS), a widely used screening
tool developed by Zigmond and Snaith in 1983 to identify anxiety and depression in hospital settings. The HADS
consists of 14 items divided into two subscales: anxiety (HADS-A) and depression (HADS-D), each containing seven
items. Responses are scored on a 4-point Likert scale (0-3), resulting in subscale scores ranging from 0 to 21. Scores of
8-10 are considered borderline abnormal, and scores of 11 or above suggest clinical anxiety or depression. The HADS
has been extensively validated across different populations, including general medical, surgical, and psychiatric patients.
It demonstrates excellent internal consistency, with Cronbach’s alpha values ranging from 0.80 to 0.93, and has strong
construct validity, as evidenced by its correlations with other measures of psychological distress, such as the Beck
Depression Inventory and State-Trait Anxiety Inventory.*

6448 https: Journal of Multidisciplinary Healthcare 2025:18



Hammami et al

Functional Capacity

Functional capacity was assessed using the Six-Minute Walk Test (6MWT), a standardized exercise test that measures the
distance an individual can walk in six minutes on a flat, hard surface. The 6MWT was developed as part of pulmonary
rehabilitation programs and is endorsed by the American Thoracic Society (ATS). It reflects an individual’s ability to
perform daily physical activities and is particularly useful for evaluating patients with cardiopulmonary diseases, heart
failure, and other chronic conditions. The test is conducted under controlled conditions with standardized instructions,
and participants are allowed to rest as needed during the test. The total distance walked is recorded in meters. The 6MWT
has excellent test-retest reliability (ICC > 0.90) and is strongly correlated with peak oxygen uptake (VO, max) and other
measures of functional capacity, confirming its validity. It is sensitive to changes in physical fitness and has prognostic
value for morbidity and mortality in chronic diseases.*

Respiratory Function

Respiratory function was evaluated using spirometry, focusing on two key parameters: Forced Vital Capacity (FVC) and
Forced Expiratory Volume in 1 Second (FEV ). Spirometry is the gold standard for assessing pulmonary function and
diagnosing respiratory disorders. FVC represents the total volume of air that can be forcibly exhaled after a full
inhalation, while FEV 1 measures the volume of air exhaled during the first second of the forced expiratory maneuver.
These values are typically expressed as percentages of predicted values based on age, sex, height, and ethnicity. The ratio
of FEV: to FVC (FEV:/FVC) is a critical indicator of obstructive or restrictive lung diseases. Spirometry has
demonstrated excellent reliability (ICC > 0.95) and validity in detecting respiratory abnormalities, with widespread
use in clinical and research settings. Calibration of the spirometer and adherence to standardized testing protocols are
essential for ensuring accurate measurements.**

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM Corp., Armonk, NY). The Shapiro—Wilk test was used to assess the
normality of data distribution. Descriptive statistics were calculated as frequencies and percentages for categorical
variables, mean + standard deviation for normally distributed continuous variables, and median (interquartile range)
for non-normally distributed continuous variables. Changes in outcomes across the three-time points (E1, E2, E3) were
analyzed using Friedman test for non-parametric repeated measures. Post-hoc analyses were conducted using Wilcoxon
signed-rank tests with Bonferroni correction for multiple comparisons. Associations between variables were examined
using Spearman’s rank correlation coefficient (rs). Correlation strength was interpreted as weak (0-0.299), moderate
(0.300-0.499), or strong (0.500—1.000).* Simple linear regression was performed to assess linearity, with R? values
interpreted similarly. Group comparisons were conducted using Mann—Whitney U-tests for continuous variables and Chi-
square tests for categorical variables. The Kruskal-Wallis H-test was used for comparisons between multiple groups.
Effect sizes were calculated using partial eta squared (#*,) for Friedman test (small: 0.01-0.05, medium: 0.06-0.13, large:
>0.14)* and r for Wilcoxon signed-rank tests and Mann—Whitney U-tests (small: 0.10-0.29, medium: 0.30-0.49, large:
>0.50).*” A two-tailed p-value <0.05 was considered statistically significant. To account for potential confounding
factors, multivariate linear regression analyses were performed to assess the independent effects of the APA intervention
on psychological outcomes (HADS-A and HADS-D) at E2 and E3, adjusting for age, sex, BMI, disease severity, and
smoking status.

Results

Fifty patients with long-term COVID-19 completed the study protocol. The cohort had a mean age of 52.0+15.3 years
and a male-to-female ratio of 1.27. Most participants (52%) had university-level education, and 82% were non-smokers.
The mean BMI was 30.74+4.35 kg/m?, indicating a predominantly obese population (Table 1). Baseline comparisons
between smokers and non-smokers showed no statistically significant differences in age (p = 0.80), BMI (p = 0.44), sex
distribution (p = 0.35), or disease severity (p = 0.19), indicating a relatively balanced sample across key demographic and
clinical variables.
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Table | Demographic Data of the

Population
Demographic Data | n=50
Age (years-old) 52.0+15.3
Female gender 22 (44%)
BMI (Kg/m?) 30.74 £ 4.35
Education (n, %)
Primary 7 (14%)
Secondary 12 (24%)
University 26 (52%)
Tobacco (n, %)
Smoking 9 (18%)
Non-smoking 41 (82%)

Comorbidities were prevalent, with diabetes (24%) and hypertension (22%) being most common. The severity of
initial COVID-19 infection was classified as mild (48%), moderate (24%), or severe (28%). Nearly half of the patients
(48%) required hospitalization, with 20% admitted to intensive care units. The median hospital stay was 20 days (range:
2-65) (Table 2).

At baseline, 43 patients (86%) reported dyspnea based on the mMRC scale. Following the APA protocol, dyspnea
prevalence significantly decreased at E2 (n=26, 52%; p<0.001) and E3 (n=21, 42%; p<0.001), representing a 51.2%
reduction from baseline to medium-term follow-up (Table 3).

The SF-12 physical component score (PCS) showed significant improvements across time points (x*(2)=73.24,
p<0.001, ;72p:0.73). Normal physical HRQOL increased from 16% at baseline to 90% at E2 (p=0.017, =0.34) and
66% at E3 (p=0.012, =0.35). The median PCS improved from 35.5 (IQR: 30.25-41.75) at E1 to 48.0 (IQR: 44.0-52.0)
at E2 and 46.0 (IQR: 41.0-50.0) at E3. Similarly, the SF-12 mental component score (MCS) improved significantly (3*(2)
=68.92, p<0.001, ;72p20.69). Normal mental HRQOL increased from 18% at baseline to 86% at E2 (p<0.001, r=0.62) and
66% at E3 (p<0.001, =0.55). The median MCS improved from 36.0 (IQR: 31.0-42.0) at E1 to 49.0 (IQR: 45.0-53.0) at
E2 and 47.0 (IQR: 42.0-51.0) at E3 (Table 3).

Anxiety symptoms (HADS-A) improved significantly over time (3*(2) = 61.78, p<0.001, n2p=0.62). The proportion of
patients with normal anxiety scores increased from 26% at baseline to 82% at E2 (p<0.001, r=0.58) and 56% at E3
(»<0.001, =0.50). The median HADS-A score decreased from 10 (IQR: 7-13) at E1 to 6 (IQR: 4-8) at E2 and 7 (IQR:
5-9) at E3. Depression symptoms (HADS-D) also improved significantly (x*(2)=55.36, p<0.001, n2p=0.55). The

Table 2 Distribution of Comorbidities and Their Association with Outcomes

Comorbidities n (%) Association with HRQOL (SF-12) | Association with HAD
Diabetes 12 (24%) r=-0.25, p = 0.08 r=022,p=0.12
Hypertension 11 (22%) r=-0.20,p =0.16 r=0.18, p =021
Dyslipidemia 5 (10%) r=-0.15p =030 r=20.12, p =040
Coronary artery disease 3 (6%) r=-0.18, p = 0.21 r=0.16, p =0.27
Asthma 2 (4%) r=-0.10, p = 0.49 r=10.09,p=053
Epilepsy 2 (4%) r=-0.08, p = 0.58 r=0.07,p =063
Chronic bronchitis 1 (2%) r=-0.05p=0.73 r=20.04, p =0.78
Stroke I (2%) r=-0.06, p = 0.68 r=10.05p=073

Note: p: statistical significance (p value).
Abbreviations: r, Spearman’s rank correlation coefficient; HRQOL, Health-Related Quality of Life; HAD, Hospital Anxiety and
Depression Scale; n (%), number and percentage.
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Table 3 Distribution of COVID-19 Data and Their Impact on Outcomes

COVID-19 Data n (%) Impact on HRQOL (SF-12) | Impact on HAD
Severity (n, %) x> =824,p =0016 x> =756, p = 0.023
Mild 24 (48%) | Ref Ref
Moderate 12 (24%) | p=-0.22,p = 0.04 B =0.20, p = 0.06
Severe 14 (28%) | p=—0.35p =0.001 B =0.33, p =0.002
Care environment (n, %) F=1235,p <0.00] F=10.78, p < 0.001
Home care 26 (52%) | Ref Ref
Hospital care 24 (48%) | B =-0.30, p = 0.002 B =0.28, p = 0.005
Medical department 14 (28%) | p=-0.25 p =00l =023, p=0.02
Intensive care unit 10 (20%) | B =—0.38, p < 0.001 B =0.36, p <0.001
Length of hospital stays (days) | 20 [2-65] | r = —0.42, p < 0.001 r = 0.40, p < 0.001

Signs and symptoms of long COVID (n, %)

Effort dyspnea
Rest dyspnea
Dry cough
Myalgia

Memory disorders

33 (66%)
12 (24%)
15 (30%)
13 (26%)
10 (20%)

B =—0.45, p < 0.001
B =—-0.38, p < 0.001
B =-0.20, p = 0.04
B =-0.22, p = 0.03
B =—0.28, p = 0.005

B =0.42, p <0.001
B =0.36, p <0.001
p=0.18 p =0.07
p =0.20, p = 0.05
B =0.26, p = 0.009

Notes: The severity of COVID-19 was classified based on clinical presentation and care requirements during the acute
phase, following WHO guidelines, Mild (symptomatic patients without evidence of pneumonia or hypoxia); Moderate
(clinical signs of pneumonia (fever, cough, dyspnea) but no signs of severe pneumonia); Severe (patients requiring

hospitalization with respiratory distress, oxygen saturation < 90%, or Intensive Care Unit admission).

Abbreviations: xz, Chi-square test statistic; F, F-statistic from ANOVA; B, Standardized regression coefficient; r,
Spearman’s rank correlation coefficient; Ref, Reference category; HRQOL, Health-Related Quality of Life; HAD,

Hospital Anxiety and Depression Scale.

Table 4 Study of the Association Between SF-12 and HAD in the
Three Assessments

Measures

El E2 E3 7% | p-value

SF-12 Global 352+87 | 486 +72 | 468 +7.8 | 0.68 | <0.000I
SF-12 Physical | 355+ 9.1 | 480+ 6.9 | 46.0 +7.5 | 0.73 | <0.0001
SF-12 Mental 360+85 | 490+74 | 470+ 7.7 | 0.69 | <0.0001
HAD-A 102 +43 | 6.1 £32 73 +36 | 0.62 | <0.0001
HAD-D 94 +39 53+28 6.2 + 3.1 0.55 | <0.0001
(Continued)

proportion of patients with normal depression scores increased from 24% at baseline to 66% at E2 (p<0.001, =0.52) and
52% at E3 (p<0.001, =0.46). The median HADS-D score decreased from 9 (IQR: 7-11) at E1 to 5 (IQR: 3-7) at E2 and
6 (IQR: 4-8) at E3 (Table 3).

A significant negative correlation was found between global SF-12 scores and the mMRC dyspnea scale at E1 (rs=
—0.38, p=0.006) and E3 (rs=—0.34, p=0.016). Non-smokers had higher SF-12 physical scores at E1 (U=107.5, p=0.035,
r=0.30) and mental scores at E3 (U=115.0, p=0.048, r=0.28) compared to smokers. Smokers exhibited significantly
higher depression (U=110.5, p=0.039, =0.29) and anxiety scores (U=89.5, p=0.01, =0.36) compared to non-smokers.
Strong negative correlations were observed between SF-12 scores (global, mental, and physical) and HADS scores
(anxiety and depression) across all time points (all p<0.001, rs ranging from —0.45 to —0.72) (Table 4). Multivariate
regression models did not identify any single baseline factor as a statistically significant predictor of HADS-A or HADS-
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Table 4 (Continued).

Associations

El (rs) E2 (rs) E3 (rs)
SFI12 Global / HAD-A —0.68%F | —0.72%* —0.70%*
SF12 Global / HAD-D —0.65%F | —0.69%* —0.67%*
SF12 Physical / HAD-A —-0.62%¢ | —0.66** —0.45%*
SF12 Physical / HAD-D —0.60%* | —0.64** —0.62%*
SF12 Mental / HAD-A —0.58% | —0.70%* —0.68**
SF12 Mental / HAD-D —-0.63%* | —0.68** —0.66**

Note: **Correlation is significant at the 0.0l level (2-tailed).

Abbreviations: El, baseline assessment; E2, short-term assessment (immediately post-
rehabilitation); E3, medium-term assessment (5-7 months post-rehabilitation); HAD-A,
Hospital Anxiety and Depression Scale - Anxiety subscale; HAD-D, Hospital Anxiety and
Depression Scale - Depression subscale; 112,,. partial eta squared (effect size for repeated
measures ANOVA); rs, Spearman’s rank correlation coefficient.

D scores at follow-up (all p > 0.05), suggesting that the observed improvements were not confounded by demographic or
clinical variables.

Discussion
This study investigated the short- and medium-term effects of an APA protocol on health-related quality of life (HRQOL)
and psychological outcomes in patients with long-term COVID-19. Our findings demonstrated significant improvements
in both physical and mental aspects of HRQOL, as well as reductions in anxiety and depression symptoms, following the
implementation of the APA protocol.

The SFE-12 physical component score (PCS) showed substantial improvements across the study period (x*(2)=73.24,
p<0.001, n2p20.73), with the proportion of patients reporting normal physical HRQOL increasing from 16% at baseline
to 90% immediately post-intervention and 66% at medium-term follow-up. These findings are consistent with recent

studies on rehabilitation interventions for long COVID patients. For instance, Daynes et al**

reported significant
improvements in physical function following a 6-week rehabilitation program, with patients demonstrating enhanced
exercise capacity and reduced fatigue. The observed improvements in physical HRQOL may be attributed to several
factors. Firstly, the APA protocol likely contributed to improved cardiovascular fitness and muscular strength, which are
often compromised in long COVID patients.”” Additionally, the structured exercise program may have helped address the
deconditioning that frequently occurs during prolonged illness and inactivity.”® The gradual progression of exercise
intensity in our protocol aligns with current recommendations for post-COVID rehabilitation, which emphasize the
importance of individualized, graded exercise to avoid symptom exacerbation.*’ Similarly, the SF-12 mental component
score (MCS) showed significant improvements (x*(2)=68.92, p<0.001, n2p=0.69), with the proportion of patients
reporting normal mental HRQOL increasing from 18% at baseline to 86% post-intervention and 66% at medium-term
follow-up. This finding emphasizes the potential of physical activity interventions to positively impact mental well-being
in long COVID patients. The psychological benefits of exercise are well-documented in various clinical populations,®
and our results suggest that these benefits extend to individuals recovering from COVID-19. The improvement in mental
HRQOL may be explained by several mechanisms. Exercise has been shown to reduce inflammation and oxidative stress,
which are implicated in the pathophysiology of both COVID-19 and mental health disorders.’!

Our study revealed significant reductions in both anxiety (x*(2)=61.78, p<0.001, n2p20.62) and depression symptoms
(*(2)=55.36, p<0.001, 772p=0.55) following the APA protocol. The proportion of patients with normal anxiety scores
increased from 26% at baseline to 82% post-intervention and 56% at medium-term follow-up. Similarly, the proportion
of patients with normal depression scores increased from 24% at baseline to 66% post-intervention and 52% at medium-
term follow-up. These findings align with emerging evidence on the psychological impact of long COVID and the
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potential benefits of rehabilitation interventions. An umbrella review by Witteveen et al>? highlighted the high prevalence
of anxiety and depression among COVID-19 survivors, emphasizing the need for targeted interventions to address these
mental health concerns. Our results suggest that structured physical activity programs may be an effective non-
pharmacological approach to managing psychological symptoms in this population. The observed improvements in
anxiety and depression symptoms may be attributed to several factors. Exercise has been shown to modulate neuro-
transmitter systems, including serotonin and norepinephrine, which play crucial roles in mood regulation.” Additionally,
the social interaction and support provided during group-based rehabilitation sessions may have contributed to improved
psychological well-being.**

These psychological improvements are further supported by existing literature emphasizing the role of structured
physical activity in post-COVID rehabilitation. Witteveen et al>> highlighted the urgent need for targeted mental health
interventions among COVID-19 survivors, while Mahindru et al** and Alizadeh Pahlavani®® demonstrated that exercise
can positively influence mood through neurochemical and anti-inflammatory mechanisms. The sustained reductions in
anxiety and depression observed in our cohort at both short- and medium-term follow-ups reinforce the therapeutic value
of APA. Moreover, the strong inverse correlations between HRQOL and HADS scores across all time points (Table 4)
underscore the interdependence of physical and psychological recovery. These findings advocate for the integration of
APA into comprehensive rehabilitation strategies to address the persistent mental health burden associated with long
COVID.

Additionally, our study demonstrated a significant reduction in dyspnea prevalence following the APA protocol, with
the number of patients reporting dyspnea decreasing from 86% at baseline to 52% post-intervention and 42% at medium-
term follow-up. This improvement in respiratory symptoms is consistent with other studies on post-COVID rehabilita-
tion. For example, Nopp et al’> reported significant improvements in dyspnea and exercise capacity following a 3-week
pulmonary rehabilitation program in COVID-19 survivors. The reduction in dyspnea may be attributed to several
mechanisms. Firstly, the respiratory training component of our APA protocol likely improved respiratory muscle strength
and endurance, potentially enhancing ventilatory efficiency.’® Secondly, the acrobic exercise component may have
improved overall cardiovascular fitness, leading to better oxygen utilization and reduced perceived breathlessness during
daily activities.”” Additionally, the education and breathing technique training provided as part of the protocol may have
enhanced patients’ self-management skills and confidence in managing their respiratory symptoms.”® The observed
negative correlation between global SF-12 scores and mMRC dyspnea scale (rs=—0.38 at El, rs=—0.34 at E3, both
p<0.05) highlights the significant impact of respiratory symptoms on overall quality of life in long-term COVID patients.
This finding underscores the importance of addressing dyspnea as a key component of long-term COVID-19 rehabilita-
tion programs.

Our study identified several factors that influenced HRQOL and psychological outcomes in long COVID patients.
Notably, smoking status was significantly associated with both physical and mental HRQOL, with non-smokers
demonstrating higher SF-12 scores compared to smokers. This finding is consistent with previous research on the
negative impact of smoking on COVID-19 outcomes and recovery.”® The detrimental effects of smoking on lung function
and overall health may exacerbate the respiratory and systemic symptoms experienced by long COVID-19 patients,
potentially hindering their recovery and quality of life.®® Furthermore, we observed strong negative correlations between
SF-12 scores and HADS scores across all time points (rs ranging from —0.45 to —0.72, all p<0.001). This robust
association between HRQOL and psychological symptoms underscores the interconnected nature of physical and mental
well-being in long COVID patients. It suggests that interventions targeting both physical and psychological aspects of
recovery may be more effective than those focusing on a single domain.®' The severity of initial COVID-19 infection and
the need for hospitalization were also associated with poorer outcomes in our study. This finding aligns with previous
research indicating that patients with more severe acute illness are at higher risk of developing long-term complications
and experiencing a more prolonged recovery.®? Additionally, the demographic characteristics of our cohort, notably the
predominance of obesity (mean BMI 30.74 + 4.35 kg/m?) and older age (mean age 52.0 = 15.3 years), may have
influenced the outcomes. These factors are known to contribute to prolonged recovery and reduced physical function
post-COVID-19. Therefore, the observed improvements in HRQOL and psychological outcomes may reflect the
responsiveness of these subgroups to structured physical activity interventions.
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Despite the promising findings, this study has several limitations that should be acknowledged. First, the absence of
a control group limits the ability to draw definitive causal inferences regarding the effects of the APA intervention.
Although multivariate regression was used to adjust for potential confounders, randomized controlled trials are needed to
confirm these associations. Second, our study relied heavily on self-reported survey data, which may introduce response
bias and affect the objectivity of the findings. Lastly, while the APA protocol was individualized, further research is
needed to determine the optimal components and dosage of exercise for different subgroups of long COVID patients.®®
Furthermore, although the Six-Minute Walk Test (6MWT) is a validated and practical tool for assessing functional
capacity, it is not the gold standard for evaluating cardiorespiratory fitness. Cardiopulmonary Exercise Testing (CPET) is
considered the reference method for directly measuring VO,max. Future studies should incorporate CPET, as demon-
strated in the NOODLE study,®* to provide more accurate assessments of aerobic capacity and training effects.

Implications for Clinical Practice and Future Research

Our findings affect long-term COVID clinical care in numerous ways. It is also important to note that our sample
consisted predominantly of older adults with obesity, which may have influenced both baseline impairments and the
magnitude of improvements observed. These characteristics are known to affect recovery trajectories and should be
considered when interpreting the results. Individualized structured physical exercise programs improve physical and
mental health holistically. These treatments may help long-term COVID-19 patients with physical restrictions, anxiety,
and depression. Healthcare providers managing long-term COVID patients should implement personalized physical
activity programs, incorporate aerobic and respiratory training, regularly assess and monitor symptoms, support smoking
cessation, tailor rehabilitation intensity, and provide ongoing support and follow-up. Long-term COVID-19 rehabilitation
procedures should be improved in future studies. This involves studying the best timing, duration, and intensity of
exercise treatments and the advantages of combining physical activity with other therapies. Long-term rehabilitation
program studies are required to measure lasting gains and advise continuing support tactics.

Conclusions

This study demonstrates that an APA program can significantly enhance HRQOL and psychosocial outcomes in patients
with long-term COVID-19, improving both physical and mental health metrics. Personalized APA interventions appear to
alleviate somatic symptoms and anxiety, noticeably improving general wellness in these individuals. Further, the findings
indicate that smoking status and the severity of dyspnea are key factors that influence recovery, underlining the
importance of tailored follow-up care. Although the absence of a control group and the small sample size limit the
generalizability of these findings, the observed benefits suggest that APA could be a valuable clinical intervention.
Structured physical activities emerge as a promising non-pharmacological approach, though larger randomized controlled
trials are needed to confirm these early results. Integrating personalized APA into standard care for long COVID may
enhance both physical and psychological outcomes, offering hope for people facing persistent post-COVID symptoms.
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