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 Background: Many post-COVID-19 patients experienced long-term effects with symptoms lasting for more than 

three months including fatigue and dyspnea. There is scarce information in the literature on respiratory muscle 

strength, lung functions, exercise capacity, and the degree of dyspnea in long-term post-COVID-19 patients after 

two years of recovery.  

Objectives: This study aims to assess respiratory muscle function, lung function, exercise capacity, and 

respiratory symptoms for two years after COVID-19 infection.  

Methodology: This is an observational cross-sectional study that included 49 post-COVID-19 patients two years 

after recovery. Participants were categorized into two groups (hospitalized, n = 18 and non-hospitalized, n = 31). 

Maximum inspiratory pressure (MIP), maximum expiratory pressure (MEP), a six-minute walk test, and pulmonary 

function tests, were performed to assess ventilation function and exertion intolerance. The presence of respiratory 

symptoms was evaluated using the St. George’s respiratory questionnaire.  

Results: Diffusion impairment was the most common lung function abnormality found among all post-COVID-19 

patients (32%) followed by restrictive pattern (19%). Two percent showed small airway disease, and no obstructive 

patterns were found. A reduced exercise capacity (the six-minute walk distance < 85% of predicted value) was 

found in 44% of post-COVID-19 patients. Respiratory muscle weakness was reported in twenty post-COVID-19 

patients (41%), and MIP and MEP were significantly lower than predicted values (p < 0.001). Dyspnea was the most 

experienced respiratory symptom with (42%) followed by cough (22%) and wheezing (8%). 

Conclusion: Our findings showed low exercise capacity, abnormal lung functions, and respiratory muscle 

weakness in post-COVID-19 patients two years after recovery. We strongly recommend periodic lung function and 

respiratory muscle testing in symptomatic post-COVID-19 patients. 

Keywords: COVID-19, long-COVID-19, maximal respiratory pressures, exercise capacity, six-min walk test, 

pulmonary function tests 
 

INTRODUCTION 

Coronavirus disease 2019 (COVID-19) is an infectious illness 

caused by the severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2), leading to widespread morbidity and mortality 

across the globe [1]. Most people infected with the virus will 

experience a mild to severe respiratory illness. However, older 

individuals and those with pre-existing medical conditions, 

such as cancer, diabetes, cardiovascular disease, or chronic 

respiratory disorders, are at higher risk of developing severe 

illness [2]. 

 Recently long-COVID-19 is defined as a chronic condition 

that occurs after SARS-CoV-2 infection and is present for at 

least 3 months. Usually, there is a history of suspected or 

documented SARS-CoV-2 infection, and the symptoms might 

be newly developed after recovering from an acute COVID-19 

infection or continue from the original disease, without being 

explained by different possible diagnosis. It affects multiple 

organ systems, with the lungs being the most commonly 

impacted [3]. Globally, an estimated 65 million people are 

affected by long-COVID-19, with an incidence rate of 10% 

among post-COVID-19 patients [4]. According to a meta-

analysis study that included 8,517 post-COVID-19 patients after 

one-year follow-up, fatigue was the most frequently reported 

symptom (28%), followed by arthromyalgia (26%), depression 

(23%), and dyspnea (18%) [5].  

The lungs are the most affected organ among survivors of 

COVID-19. In a prospective follow-up study conducted twelve 

weeks after COVID-19 infection, approximately 85% of patients 
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exhibited one or more abnormal pulmonary function test (PFT) 

results. Specifically, 52% had abnormal diffusing capacity for 

carbon monoxide (DLCO), 45% showed a reduced restrictive 

ventilatory capacity, and 11% had an FEV1/FVC ratio below 0.7, 

indicating airflow obstruction [6].  

In contrast, another prospective cohort study conducted 

for 3, 6, and 12 months after severe COVID-19 found improved 

pulmonary function among post-COVID-19 patients. However, 

33% of the patients still exhibited impaired lung diffusion at 12 

months, along with evidence of persistent physiological and 

radiographic changes in the lungs [7]. Additionally, many post-

COVID-19 patients revealed signs of cardiac dysfunction, 

muscle weakness, and eventually exercise intolerance which 

varies depending on the severity of the disease and the time 

since its onset [8].  

Although fatigue, dyspnea, and exercise intolerance are 

frequent in post-COVID-19 patients, the severity of these 

symptoms does not seem to correlate with the severity of the 

original infection [9]. Additionally, the mechanisms of these 

chronic symptoms are still unclear; vascular abnormalities 

(peripheral left to right shunt and diminished venous return) 

endothelial dysfunction, mitochondrial dysfunction, impaired 

pulmonary function, decreased skeletal muscle mass 

(sarcopenia), decreased VO2 max and oxygen extraction, and 

cardiac impairments are possible causes of exercise 

intolerance in post-COVID-19 patients [10-12].  

Numerous follow-up studies have been conducted for 

three months, six months, and one year after the onset of 

COVID-19 infection. However, only a few studies have 

examined the long-term sequelae of COVID-19 beyond two 

years of recovery. Furthermore, there is ongoing debate 

regarding the long-term impact of COVID-19 on respiratory 

muscle strength, PFTs, and exercise capacity in post-COVID-19 

patients. Thus, this study aims to assess respiratory muscle 

function, functional capacity (6-minute walk test), PFT, and 

respiratory symptoms after two years of COVID-19 infection.  

METHODS 

Subjects  

This is a cross-sectional observational study done at the 

department of physiology, college of medicine at the Imam 

Abdulrahman Bin Faisal University between October 2023 and 

April 2024. Forty-nine post-COVID-19 patients with a 

documented history of SARS-CoV-2 infection two or more years 

ago were enrolled by a convenient sampling technique. 

Patients with known cases of bronchial asthma, chronic 

obstructive pulmonary disease, cardiac diseases, psychiatric 

disorders, muscular dystrophy, smokers, and the elderly (more 

than 65) were excluded. The sample size was determined based 

on previous similar studies [13-15]. 

The Helsinki Declaration was guiding the conduct of this 

study. The accessed data complies with all applicable privacy 

and data protection laws. Each participant’s informed consent 

was obtained, and ethical approval was issued by Imam 

Abdulrahman Bin Faisal University’s institutional review board 

(IRB Number: IRB-UGS-2023-01-385).  

Study Protocol 

The post-COVID-19 status of all patients was initially 

determined by reviewing their medical records at King Fahad 

University Hospital (Al Khobar, Saudi Arabia). Patients who 

were infected with COVID-19 at least two years ago were 

selected. Then they were contacted by phone to schedule 

study appointments. Those who consented to participate 

underwent the following evaluations:  

1. A clinical review and examination to determine 

eligibility based on the inclusion and exclusion criteria. 

The St. George’s respiratory questionnaire [16] was 

filled to assess respiratory symptoms.  

2. Respiratory muscle functions using a respiratory 

pressure meter.  

3. PFT: Spirometry to evaluate ventilatory function; body 

plethysmography to measure lung volumes; single-

breath technique DLCO.  

4. The six-minute walk test (6MWT) to assess functional 

capacity. 

Respiratory Muscle Function 

All muscle function tests were conducted using a 

noninvasive, portable respiratory pressure meter (MicroRPM- 

CareFusion UK 232 Ltd.). A compact device includes a mouth-

pressure manometer with a mouthpiece and a small digital 

display showing the test results in cm H2O. The most simple, 

useful, and noninvasive measures of respiratory muscle 

strength at the mouth are maximum inspiratory pressure (MIP) 

and maximum expiratory pressure (MEP) [17, 18].  

 The reference values of MIP and MEP were estimated using 

predictive equations for the Arab population established in 

[19]. Respiratory muscle weakness was defined as % predicted 

MIP < 70% [20]. 

Pulmonary Function Test 

All PFT measurements (body plethysmographs, 

spirometry, and DLCO) were done using the Vmax® Encore PFT 

system, according to the standardized criteria [21]. The data 

were presented as both absolute values and as percentages of 

the predicted normal values, which were calculated using the 

reference equation provided in [22]. Each participant 

performed three acceptable maneuvers, and the highest value 

obtained was recorded and used for further analysis [21]. 

Lung function was classified by a respiratory care specialist 

according to the American Thoracic Society guidelines, with 

the following criteria:  

1. Normal if both the forced vital capacity (FVC) and the 

FEV1/FVC ratio fell within the normal range.  

2. Obstructive pattern if the FEV1/FVC ratio was less than 

70% of the predicted normal value and the FEV1 was 

less than 80% of the predicted value.  

3. Restrictive pattern if the FEV1/FVC ratio was at least 

70% of the predicted value, and the total lung capacity 

(TLC) was less than 80% of the predicted value. If TLC 

data was unavailable, a restrictive pattern was 

identified based on an FVC lower than 80% of the 

expected value.  

4. Small airway disease was diagnosed if the forced 

expiratory flow (FEF) between 25% and 75% of the FVC 

(FEF 25%-75%) was less than 65% of the predicted 

normal value.  

5. Diffusion impairment was defined as a DLCO of 75% or 

less of the predicted normal values [21, 23]. 
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Six-Minute Walk Test 

6MWT was conducted in room air under a respiratory care 

specialist’s supervision following a standardized procedure 

[24]. The test entailed having the subjects walk independently 

in the clinic hallway for six minutes. The six-minute walk 

distance (6MWD) is defined as the distance covered over 6 

minutes and is used as the primary outcome for functional 

capacity (exercise tolerance) assessment. For each patient, 

predicted 6MWD was calculated using a regression equation 

derived from the Arab population [25]. An abnormal 6MWD 

result was defined as a decrease of 15% below the predicted 

values based on age, sex, and height, or by an absolute falling 

below the established lower limit of normal. The lower limit of 

normal 6MWD values in healthy adult men and women was set 

at 153 meters and 139 meters, respectively, below their 

predicted values [26]. 

Statistical Analysis  

Continuous variables were presented as mean (M) with 

standard deviation (SD) or median with interquartile range. 

The unpaired t-test or Mann-Whitney tests were used to 

compare data with normal and non-normal distribution, 

respectively. Paired t-test was used to compare the actual 

measurement with the predicted values. Categorical variables 

were presented as numbers and percentages and were 

compared using the Chi-square test. p-value < 0.05 was 

considered as significant.  

RESULTS 

Out of 454 individuals who met the eligibility criteria from 

the retrieved medical records, only 49 were recruited and 

agreed to participate. Among the recruited post-COVID-19 

patients, two participants couldn’t perform PFT 

measurements (spirometry, body plethysmography, and 

DLCO), and six could not perform 6-minute walk tests. All other 

participants completed all the tests (Figure 1).  

Eighteen patients were hospitalized, while 31 received 

outpatient care during COVID-19 infection. Demographic and 

clinical characteristics of all participants are described in 

(Table 1). 

Diffusion impairment was the most common lung function 

abnormality found among all post-COVID-19 patients (32%) 

followed by restrictive pattern (19%). Two percent showed 

small airway disease, and no obstructive patterns were found. 

However, no significant differences were reported in the PFT 

measurements between hospitalized and non-hospitalized 

post-COVID-19 patients (Table 2).  

 

Figure 1. Participant flow charts (Source: Authors’ own elaboration) 
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The mean of 6MWD among all post-COVID-19 patients was 

significantly lower than the predicted values (M ± SD = 403.3 ± 

52.8 vs. 467.9 ± 29.8 p < 0.001), respectively (Figure 2). A 

reduced exercise capacity (6MWD < 85% of predicted value) 

was found in 44% of the cases (Table 2). 

Respiratory muscle weakness has been reported in twenty 

post-COVID-19 patients (41%) (Table 2). The measured MIPs 

were significantly lower than the predicted values (median [IR]: 

55 [21.0] cm H2O vs 71.8 [15.6] cm H2O, respectively, p < 0.001). 

Similarly, the measured MEPs were significantly less than the 

predicted values (median [IR]: 44 [18.7] cm H2O vs 84 [17.0] cm 

H2O, respectively, p < 0.001) (part A in Figure 3). 

No significant difference in both MIP and MEP between 

hospitalized and non-hospitalized patients (MIP median [IR]: 

44.5 [21.0] cm H2O vs. 59 [22.0] cm H2O, respectively, p = 0.517; 

MEP median [IR]: 48 [26.3] vs. 44 [15.5] cm H2O, respectively p = 

0.507) (part B in Figure 3). According to the St. George’s 

respiratory questionnaire, dyspnea is the most experienced 

respiratory symptom with 42% followed by cough (22%) and 

wheezing is the least experienced with 8% (Figure 4). 

DISCUSSION 

This cross-sectional study of post-COVID-19 patients two 

years after recovery identified a significant reduction in DLCO, 

TLC, and/or FVC below the normal predicted values in about 

one-fourth of post-COVID-19 patients reflecting diffusion 

impairment and restrictive lung patterns, respectively. Around 

40% of post-COVID-19 patients exhibited reduced exercise 

capacity (6MWD < 85% of predicted value) with a significant 

reduction in MIP below normal predicted values indicating 

respiratory muscle weakness. About 42% of post-COVID-19 

patients showed persistent dyspnea followed by cough (22%) 

after two years.  

Table 1. Demographic and clinical characteristics of 

participants 

Variable N-H (N = 31) H (N = 18) p 

Age (years) M ± SD 38.840 ± 14.799 46.720 ± 14.692 0.078 

Sex n (%)    

Male 16 (51.6) 10 (55.6) 0.795 

Female 15 (48.4) 8 (44.6)  

BMI (kg/m2) M ± SD 31.390 ± 8.640 31.210 ± 7.810 0.942 

Co-morbidities n (%)    

Diabetes 4 (13.3) 4 (22.2) 0.434 

HTN 6 (20.0) 5 (27.8) 0.545 

G6PD 1 (3.2) 0 (0.0) 0.452 

GERD 1 (3.2) 0 (0.0) 0.452 

SLE 0 (0.0) 1 (5.6) 0.192 

Hyperthyroidism 1 (3.2) 0 (0.0) 0.452 

Hypothyroidism 1 (3.2) 2 (11.1) 0.277 

Time (month) M ± SD 38.000 ± 7.321 40.940 ± 2.990 0.119 

Note. Data are presented as M ± SD & number (%); N-H: Non-hospitalized; H: 

Hospitalized; Time: Time since COVID-19 infection; BMI: Body mass index; 

HTN: Hypertension; G6PD: Glucose-6-phosphate dehydrogenase 

deficiency; GERD: Gastroesophageal reflux disease; & SLE: Systemic lupus 

erythematosus 

Table 2. Comparison of PFT measurements between 

hospitalized and non-hospitalized post-COVID-19 patients with 

pulmonary function impairment patterns among whole cohort 

Variable N-H H p 

PFT measurements (M ± SD)    

FEV1 liters 2.69 ±0.90 2.68±0.69 0.972 

FVC liters 3.51 ± 0.96 3.55 ± 0.76 0.897 

FEV1/FVC 76.3 ± 15.2 76.13 ±13.37 0.964 

PEF L/sec 4.78 ±2.65 4.28 ±1.89 0.514 

FEF25-75 L/sec 2.8 ± 1.18 2.84 ±1.2 0.903 

TLC liters 5.45 ±1.14 4.94 ± 0.99 0.135 

VC liters 3.69 ± 0.91 3.52 ± 0.84 0.538 

DLCO mmol/kPa.min 7.48 ±1.79 6.71 ±1.98 0.185 

Impairment patterns N (%)    

Obstructive 0 (0.0) 

Restrictive 9 (19.0) 

Diffusion impairment 15 (32.0) 

Small airways disease 1(2.0) 

Reduced exercise capacity* 19 (44.0) 

Respiratory muscle weakness* 20 (41.0) 

Note. Data are presented as M ± SD & number (%); N-H: Non-hospitalized; H: 

Hospitalized; *Reduced exercise capacity is defined as 6MWD < 85% of 

predicted value; *Respiratory muscle weakness was defined as % predicted 

MIP < 70%; FEV1: Forced expiratory volume in 1 s; FEF25-75%: FEF at 25-75% 

of FVC; PEF: Peak expiratory flow; & VC: Vital capacity 

 

Figure 2. Actual (M ± SD, 403.3 ± 52.8) and predicted (M ± SD, 467.9 ± 29.8) 6MWD of the whole sample (43 patients who completed 

6MWT) and p < 0.001 (paired t-test) (Source: Authors’ own elaboration) 
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Figure 3. Comparison of (A) MIP and MEP with the predicted values and (B) MIP and MEP between hospitalized and non-

hospitalized patients (Source: Authors’ own elaboration) 

 

 

Figure 4. Percentage of patients having respiratory symptoms according to the St. George’s respiratory questionnaire (Source: 

Authors’ own elaboration) 
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This study is one of a few studies that observed patients 

after two years of COVID-19 infection, and the first in Saudi 

Arabia to track COVID-19 patients for this duration. A significant 

reduction in DLCO, FVC, and TLC below the normal values was 

documented in hospitalized and non-hospitalized patients. 

This aligns with a recent systematic review and meta-analysis, 

which included 30 studies with follow-up periods ranging from 

6 to 12 months. The most common abnormality observed in 

PFT was impaired diffusion capacity affecting 35% of patients, 

followed by 13% of restrictive pulmonary dysfunction 

determined as reduced FVC/TLC [27]. Another recent 

systematic review and multicenter cohort study found that low 

DLCO (diffusion impairment) was more commonly observed 3-

6 months after acute COVID-19 than low FVC (restrictive 

pattern) [28].  

Similarly, around two-thirds of individuals who recovered 

from COVID-19 showed impaired diffusion capacity 12 months 

after discharge. Although diffusion capacity improved during 

the first 6 months of post-hospitalization, no further 

improvement was seen thereafter [29]. Furthermore, a 

persistent defect in DLCO with impaired gas diffusion was 

observed in about 47% of COVID-19 patients 2-6 months after 

admission, followed by a restrictive pattern ( 14%) [30]. These 

lung function impairments were also reported at a two-year 

follow-up longitudinal cohort study of COVID-19 survivors. A 

significantly higher proportion of post-COVID-19 patients 

showed lung diffusion impairment (65%), reduced residual 

volume (62%), and reduced TLC (39%), with no airflow 

obstruction, compared to matched controls [31]. In contrast, 

some studies had also reported obstructive impairment with 

small airway involvement. However, airway obstruction was 

neither frequent nor detected during early periods after 

recovery and improved thereafter[14].  

The primary mechanism believed to contribute to 

restrictive lung impairment is alveolar injury. COVID-19 has the 

potential to damage the alveoli and activate profibrotic 

pathways, similar to those seen in idiopathic pulmonary 

fibrosis, which can ultimately lead to pulmonary fibrosis, 

particularly in individuals with a genetic predisposition. 

Although treatments aimed at mitigating COVID-19-induced 

lung damage may help alleviate some of these effects, the long-

term outcomes are still uncertain. As a result, post-COVID-19 

patients are at increased risk of developing pulmonary fibrosis 

[32, 33]. In contrast, abnormalities in diffusion capacity appear 

to be more closely linked to endothelial damage in the lungs, 

rather than to the diffusive properties of the alveolar 

membrane itself [34].  

Also, this study reported a reduced exercise capacity 

(6MWD < 85% of predicted value) in about 44% of post-COVID-

19 patients. Patients with post-COVID-19 syndrome experience 

decreased maximal and submaximal physical performance, 

along with limitations in their quality of life. A recent 

longitudinal follow-up study reported that it persistently 

reduced 6MWD in about 8% of COVID-19 survivors at two years 

compared to (14%) six months after the initial infection [31]. 

Additionally, 25% of post-COVID-19 patients showed less than 

75% of the predicted 6MWD value [35]. Another study showed 

a significant reduction in functional capacity and increased 

exertional desaturation among patients with persistent 

dyspnea compared to patients without persistent dyspnea 

[36]. 

Numerous studies have explored the potential 

mechanisms behind the long-term decline in exercise capacity 

among post-COVID-19 patients. Several factors contributing to 

this reduction were identified, including impaired pulmonary 

function, decreased skeletal muscle mass (sarcopenia), and 

evidence of respiratory muscle dysfunction [12]. 

The current study showed a significant reduction in the MIP 

and MEP than the predicted values in hospitalized and non-

hospitalized patients. This is consistent with the results 

reported in [37], where reduced MIP were found in hospitalized 

patients (88%), and non-hospitalized patients (65%). Also 

impaired respiratory muscle function was linked to exercise-

induced oxygen desaturation, limited exercise tolerance, low 

physical activity, and reduced score on the post-COVID-19 

functional status scale [38]. Another study found significant 

impairment in inspiratory muscle function, even though lung 

function tests and chest imaging (CT or X-ray) appeared 

normal. A reduction in MIP was closely linked to the severity of 

dyspnea, regardless of the time elapsed since the acute phase 

of COVID-19 [38].  

Additionally, postmortem findings in critically ill patients 

with COVID-19 showed evidence for SARS-CoV-2 viral RNA in 

the diaphragm with activation of fibrosis pathways (fibroblast 

growth factor signaling) [39]. Besides growing pieces of 

evidence about pulmonary parenchymal and cardiac 

complications, exercise intolerance in patients with long-

COVID-19 may also stem from other factors, including impaired 

respiratory muscle function and sarcopenia of skeletal muscles 

[12]. 

Nearly 40% of our patients had dyspnea after 2 years of 

COVID-19. Several studies reported similar findings with a 

predominance of persistent dyspnea among post-COVID-19 

patients followed by cough [35]. Dyspnea was reported in 49% 

of patients at 3 months and in 46% at 12 months after 

recovering from COVID-19. About 24% of patients experienced 

a significant deterioration in their dyspnea symptoms [40]. 

Limitations of the Study and Future Research 

The relatively small sample size due to challenges in 

reaching participants for follow-up after two years represents 

a potential limitation to the current study, which limited the 

generalization of the results and may not fully represent the 

true incidence of the long-term functional impairment. The 

cross-sectional design adds a further limitation to concluding a 

causal relationship. Thus, we recommend employing 

longitudinal studies with a larger sample size to elucidate the 

causal relationship between COVID-19 and the long-term 

sequelae at different time intervals. 

CONCLUSION  

In conclusion, about forty percent of post-COVID-19 

patients had persistent dyspnea, low exercise capacity, and 

respiratory muscle weakness two years after recovery, with 

significant lung restriction and reduced diffusion capacity. This 

study points towards the implication of respiratory muscle 

dysfunction as a novel aspect of COVID-19 sequelae that might 

explain the associated restrictive pulmonary impairment and 

reduced exercise capacity. Thus, we strongly advocate for 

yearly lung function testing follow-up and proper 

rehabilitation programs designed for post-COVID-19 patients 

to monitor the progression of the disease and avoid any 

undesirable consequences 
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