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Abstract: Fatigue, dyspnea and pain are the main limitations of patients with long COVID. The aim 

of this study was to determine the feasibility of the 30 s sit-to-stand (30s-STS) test in the telehealth 

setting and its relationship to persistent symptoms in a sample of non-hospitalized patients with 

long COVID. A cross-sectional study was conducted in community patients with long COVID. Data 

collection and assessments were performed by videoconference and consisted of the fatigue assess-

ment scale (FAS), London activity of daily living scale (LCADL), post-COVID-19 functional status 

(PCFS) and European quality of life questionnaire (EQ-5D-5L), including the pain/discomfort di-

mension. The 30s-STS test was performed using a standardized protocol adapted for remote use, 

and the modified Borg scale (0–10) was used to assess dyspnea and lower limb fatigue immediately 

after the test. The feasibility of the 30s-STS test was assessed by the proportion of eligible partici-

pants who were able to complete the test. Safety was assessed by the number of adverse events that 

occurred during the test. Seventy-nine participants were included (median age: 44 years, 86.1% 

women). Performance in the 30s-STS test was 11.5 ± 3.2 repetitions with 60.8% of the sample below 

reference values. All eligible participants were able to complete the test. No adverse events were 

reported during the evaluation. Participants with lower 30s-STS performance had more fatigue and 

dyspnea, worse quality of life, more severe pain/discomfort, and worse functional status (p < 0.05). 

A significant correlation was obtained between LCADL and dyspnea, reported on the Borg scale 

(0–10) post 30s-STS (r = 0.71; p < 0.001). In conclusion, the 30s-STS test proved to be a feasible test to 

implement in the telehealth setting and is related to fatigue, dyspnea, quality of life and pain in non-

hospitalized patients with long COVID. Clinicians may use this test when assessment of the physi-

cal sequelae of COVID-19 in the face-to-face setting is not possible. 
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1. Introduction 

Since the onset of the COVID-19 pandemic in December 2019, more than 640 million 

cases have been confirmed worldwide according to the World Health Organization 

(WHO) [1]. In addition, the restrictions adopted to control the quick spread of COVID-19 

have had negative consequences on the overall health of the population (e.g., the practice 

of physical activity levels have been affected) [2]. Previous research has reported that 81% 

of COVID-19 cases show a mild presentation of the disease, 14% moderate and the 
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remaining 5% trigger a critical situation [3,4]. Post-COVID-19 sequelae may be present in 

more than 60% of infected people [5], with female sex being a risk factor for the develop-

ment of some persistent symptoms [6]. 

In recent months, research has focused on the post-infection stages, as it has been 

reported that, in some patients, symptomatology may reappear and persist for months or 

even years after infection [7,8]. This persistent condition is named “Long COVID” [6] and 

it can affect different organs and body systems, with a wide range of signs and symptoms. 

The most commonly reported symptoms are fatigue, dyspnea and pain [9], with no dif-

ferences between hospitalized and non-hospitalized patients [5]. These sequelae can affect 

physical performance, activities of daily living, and lead to a loss of health-related quality 

of life [10]. Thus, an evaluation and follow-up of individuals who have suffered COVID-

19 is considered desirable in order to detect sequelae and implement treatment if neces-

sary [11,12]. 

In this context, the assessment of patients’ functional performance after COVID-19 

has become a challenge for clinicians’ decision-making. The 6 min walk test (6MWT) is 

considered the gold standard for functional performance assessment. However, the 

6MWT requires technical performance conditions that are not easy to meet in the telere-

habilitation setting, such as a 20–30 m corridor [13]. In contrast, the 30 s sit-to-stand (30s-

STS) is a quick and easy-to-use, low-cost clinical test of functional capacity, which has 

been validated in vulnerable populations such as older adults [14] or oncological patients 

[15]. The 30s-STS is a time-based assessment in which participants are asked to stand and 

sit from a chair as many times as possible for 30 s with their arms crossed over their chest 

[14]. In general, the 30s-STS is better tolerated than the 1-min STS [16], and performance 

requires greater cardiorespiratory endurance than the five times STS [17]. 

Due to the outbreak of COVID-19, many rehabilitation programs were adapted from 

face-to-face to remote models  [18,19]. Thus, compared to face-to-face programs, tele-

health programs can eliminate geographic and socioeconomic barriers by improving ac-

cess for participants in rural and transportation-challenged areas, and are a suitable alter-

native for clinical assessment and intervention during pandemics [18,20,21]. For example, 

a recent meta-analysis identified that home-based cardiac rehabilitation significantly im-

proves functional capacity and health-related quality of life, compared to usual care, being 

a potential alternative for patients who are not suitable for in-center cardiac rehabilitation 

[22]. In addition, a recent systematic review concluded that the risk of adverse events dur-

ing home rehabilitation appears to be very low in cardiac patients [23]. In this context, the 

STS test may also be performed safely at home, provided that patients are not at risk of 

desaturation [24]. Traditionally, the 30s-STS has been used to assess lower limb strength, 

muscle power or physical function [25–27]. However, since the performance of the test 

requires some cardiorespiratory demand [17], it could also be an alternative to assess 

lower limb fatigue and dyspnea on physical exertion, which are both very prevalent 

symptoms in patients with long COVID. Therefore, the use of the 30s-STS in a telehealth 

context could be interesting, especially for assessing patients who did not have early ac-

cess to rehabilitation programs, such as people who have suffered a mild COVID-19 in-

fection and yet experienced persistence of COVID-19 symptoms months after the initial 

episode. Consequently, the objective of this study was to determine the feasibility of the 

30s-STS test in the telehealth setting and its relationship to persistent symptoms such as 

fatigue, dyspnea and pain in a sample of non-hospitalized patients with long COVID. 
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2. Materials and Methods 

2.1. Design and Participants 

We conducted a cross-sectional study that collected data from consecutive commu-

nity patients with long COVID admitted to a telerehabilitation program implemented at 

the University of Valencia (Valencia, Spain) between October 2021 and May 2022. Partici-

pants were recruited through social networks and by contact with long COVID associa-

tions in the autonomous communities of Comunidad Valenciana, Madrid, Castilla la Man-

cha, Cataluña, Galicia, Cantabria and Aragon. Inclusion criteria were as follows: (i) age 

between 20 and 60 years old; (ii) positive PCR test results from nasal and pharyngeal swab 

sample; (iii) presence of at least one of the following persistent COVID-19-related symp-

toms: fatigue, dyspnea, or functional limitation for at least 6 weeks after infection; (iv) 

having a device with Internet access (e.g., smartphone, computer or tablet). Exclusion cri-

teria were: (i) severe case of COVID-19 (i.e., history of hospitalization, severe pneumonia 

or pulmonary thromboembolism); (ii) other concomitant acute or chronic pulmonary or 

cardiac pathologies; (iii) presence of more severe symptoms requiring monitorization by 

clinical staff (i.e., desaturation on exertion, unsteadiness, hemodynamic instability). 

This study was approved by the Ethics Committee of the University of Valencia (Reg-

istration number: 15737788), and all patients provided written informed consent. The re-

search was conducted in accordance with the ethical principles of the Declaration of Hel-

sinki. This study was conducted in accordance with the Guidelines for Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) [28]. 

2.2. Data Collection 

The evaluation was conducted by 1:1 videoconference in real time using Zoom Com-

munication software (Zoom Video Communications, Inc., San Jose, CA, USA). Data were 

collected by four PhD physiotherapists (C.F-R., F.M.M-A., A.A.-G. and D.H-G.) with more 

than five years of clinical experience. All evaluators received prior training to standardize 

the evaluation. The assessment was performed in the patient’s environment, using the 

device of their choice (computer, smartphone or tablet), and data protection was ensured 

by storing the information anonymously, with access restricted to research staff only. Data 

regarding age, sex, time post-infection, symptoms related to long COVID, and smoking 

history were collected by structured interview. 

The level of fatigue was assessed using the fatigue assessment scale (FAS) [29], which 

consists of 10 items evaluating both physical and mental fatigue, with 5 questions, respec-

tively. Each item is scored on a scale of 1 “never” to 5 “always,” with a higher score (which 

ranged between 10 and 50) indicating a higher level of fatigue. This instrument has proven 

to be valid and reliable for fatigue assessment [29]. 

Dyspnea was assessed using the Spanish version of the London chest activity of daily 

living scale (LCADL) [30], which is a valid questionnaire that evaluates the degree of lim-

itation in activities of daily living due to dyspnea in patients with chronic respiratory dis-

eases. The LCADL comprises 15 items that consider self-care, household, physical and 

leisure activities, and each question is scored from 0 to 5. A higher score indicates a greater 

degree of limitation in activities of daily living due to dyspnea [30]. 

Health-related quality of life was assessed using the 5-dimensional European quality 

of life questionnaire (EQ-5D-5L) [31], which provides an index score ranging from 0 

(death) to 1 (full health), and a self-reported rating of current general health status based 

on a visual analogue scale ranging from 0 “the worst health you can imagine” to 100 “the 

best health you can imagine”. Pain or discomfort were rated using a 5-choice categorical 

scale: (1) “No pain or discomfort”; (2) “Slight pain or discomfort”; (3) “Moderate pain or 

discomfort”; (4) “Severe pain or discomfort”; (5) “Extreme pain or discomfort”. 

Finally, functional status was assessed with the Spanish version of the Post-COVID-

19 functional status scale (PCFS) [32], which is a 6-grade ordinal scale: grade 0 (no func-

tional limitations); grade 1 (negligible functional limitations); grade 2 (slight functional 
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limitations); grade 3 (moderate functional limitations); grade 4 (severe functional limita-

tions); and grade 5 (death). The feasibility of the 30 s-STS test was assessed by the propor-

tion of eligible participants who were able to complete the test. Reasons for not completing 

the test were also recorded. Safety was assessed by the number of adverse events of any 

type (serious or minor) that occurred during the performance of the 30 s-STS test. 

The 30s-STS test was performed in the participant’s home environment using a stand-

ardized protocol adapted for remote use [15]. First, the clinician explained the 30 s-STS 

test and ensured that the patient understood how to perform it. Adequate Internet con-

nection was also checked. Then, participants were instructed to place a sturdy chair 

against the wall. Participants were asked to position themselves in the center of the de-

vice’s camera view to obtain the best visibility for the clinician. If available, participants 

were asked to use a chair without armrests. The 30 s-STS test was performed only once, 

since it is considered to have good test–retest reliability [33]. Patients were instructed to 

cross their arms over their chest and complete as many standing cycles as possible in 30 s. 

The instructions were to stand until fully upright and then sit until the buttocks touched 

the chair, without aid of their hands [27]. During the test they were verbally encouraged 

[27]. To compare functional performance in the 30 s-STS test with reference values in 

healthy populations, the sex- and age-specific centile curves reported by Warden et al. [34] 

were used. To categorize low and normal functional performance in the 30 s-STS test, the 

lower limit of the standard deviation of the mean number of repetitions according to age 

and sex was used as the cutoff point. The modified Borg scale (0–10) was used to assess 

dyspnea and lower limb fatigue immediately after the 30 s-STS test [35]. The Borg scale 

score ranges from 0 to 10, where 0 corresponds to the absence of dyspnea or physical ex-

ertion and 10 corresponds to the maximum degree of dyspnea or physical exertion. 

2.3. Statistical Analysis 

Sample size calculation was performed with G*Power, version 3.1.9.2 (Universität 

Düsseldorf, Germany). A moderate effect size (d = 0.7) was estimated from a clinically 

relevant 4-point difference in fatigue (FAS score) [36] (difference between two independ-

ent means, n1 ≠ n2). Considering a statistical power of 80%, two tails, and α err prob = 

0.05, the minimum required sample size was 68 patients. Statistical analysis was per-

formed with Statistical Package for the Social Sciences (SPSS) version 22.0 (IBM Corpora-

tion, Armonk, 224 NY, USA). Normality of the data was determined with the Shapiro–

Wilk test. Considering the distribution of the data, parametric or nonparametric, the re-

sults were presented as mean and standard deviation or as median and interquartile range 

(IQR), respectively. Comparison between the low and normal performance groups in the 

30s-STS according to baseline values was performed using the chi-square test for categor-

ical variables (sex, PCFS and pain/discomfort), the Mann–Whitney U-test for nonparamet-

ric variables (post-infection time and dyspnea), and the independent samples t-test for 

variables with normal distribution. A correlation analysis using Spearman’s correlation 

coefficient was applied to assess the association between lower limb fatigue and dyspnea, 

measured with the Borg scale (0–10) post 30 s-STS, and the FAS and LCADL, respectively. 

The significance level was set at 0.05 for all statistical analyses. 

3. Results 

A total of 79 participants met the eligibility criteria (Figure 1). 
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Figure 1. Flow-chart. 

The median age was 44 (range: 24–52) years, and 68 (86.1%) participants were 

women. Time passed after COVID-19 infection ranged from 2 to 28 months, with a median 

of 17 months. In the total sample, 72.2% of cases had moderate to extreme pain, with high 

levels of dyspnea and fatigue (Table 1). 

  

Excluded (n=15)
Not meeting inclusion criteria (n=15)

Refused to participate (n=0)

Analyzed (n=79)

Missing data (n=0)

Included in the study (n=79)

Potentially eligible (n=94)
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Table 1. Baseline characterization of patients (n = 79). 

Characteristics Values 

Age (years) 44 (24–52) 

Sex n (%)  

Men 11 (13.9) 

Women 68 (86.1) 

Post infection time (months) 17 (2–28) 

Symptoms n (%)  

Fatigue 

Dyspnea 

Cognition problems 

Myalgia 

Headache 

Cough 

74 (93.7) 

23 (29.1) 

23 (29.1) 

23 (29.1) 

5 (6.3) 

4 (5.1) 

Smoking history n (%) 77 (97.5) 

PCFS n (%)  

Grade 1 

Grade 2 

Grade 3 

Grade 4 

Grade 5 

1 (1.3) 

6 (7.6) 

40 (50.6) 

32 (40.5) 

0 (0) 

EQ-5D-5L 

Index score (0–1) 

Visual analogue scale 

 

0.60 ± 0.23 

47.3 ± 17.1 

Pain/discomfort n (%) 

I have no pain or discomfort 

I have slight pain or discomfort 

I have moderate pain or discomfort 

I have severe pain or discomfort 

I have extreme pain or discomfort 

 

7 (8.9) 

15 (19.0) 

37 (46.8) 

19 (24.1) 

1 (1.3) 

LCADL (10–75) 25.5 (15–68) 

LCADL (%) 33.3 (20–90) 

FAS (10–50) 34.7 ± 8.4 

30s-STS (repetitions) 11.5 ± 3.2 

Abbreviation: 30s-STS, 30 s sit-to-stand; EQ-5D-5L, European quality of life–5 dimensions–5 levels; 

FAS, fatigue assessment scale; LCADL, London chest activity of daily living; PCDS, Post-COVID-

19 functional status. Values are mean (standard deviation), median (min-max) or n (%). 

Performance in the 30s-STS test was 11.5 ± 3.2 repetitions and 48 (60.8%) cases per-

formed below the reference values according to age and sex (Figure 2). 
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Figure 2. Functional performance of women and men long COVID patients vs. sex- and age-specific 

reference values. The reference values correspond to the sex- and age-specific zenith curves reported 

by Warden et al. [34] (i.e., the lower limit of the standard deviation of the mean number of repeti-

tions in 30 s-sit-to-stand). 

No adverse events were reported during the evaluation. All patients were able to com-

plete the test; only two participants reported mild dizziness at the end of the test. Significant 

differences in LCADL (p = 0.001) and FAS (p = 0.004) were obtained when comparing the low 

and normal functional performance groups in the 30s-STS according to reference values. 

Moreover, participants with lower 30s-STS performance had worse quality of life on the EQ5D 

index score (mean difference = −0.22, 95% confidence interval: −0.32 to −0.14, p < 0.001), on the 

visual analogue scale (mean difference = −13.9, 95% confidence interval: −21.1 to −6.7, p < 0.001), 

more severe pain/discomfort (χ² = 13.1, p = 0.011), and more severe PCFS (χ² = 11.1, p = 0.011). 

There were no differences with respect to age and time post infection (p > 0.05) (Table 2). 

Table 2. Comparison between low and normal physical performance. 

Characteristics 
Low 30 s-STS 

(n = 48) 

Normal 30 s-STS 

(n = 31) 
p-Value 

Age (years) 44 (9) 43 (10) 0.879 

Post infection time (months) 17 (12) 18 (19) 0.948 

PCFS n (%) 

Grade 1 

Grade 2  

Grade 3  

Grade 4 

Grade 5 

 

0 (0) 

1 (2.1) 

22 (45.8) 

25 (52.1) 

0 (0) 

 

1 (3.2) 

5 (16.1) 

18 (58.1) 

7 (22.6) 

0 (0) 

0.011 * 

EQ-5D-5L 

Index score (0–1) 

Visual analogue scale 

 

0.51 ± 0.2 

41.9 ± 14.8 

 

0.74 ± 0.2 

55.8 ± 17.1 

 

<0.001 *** 

<0.001 *** 

Pain/discomfort n (%) 

No pain or discomfort 

Slight pain or discomfort 

Moderate pain or discomfort 

Severe pain or discomfort 

Extreme pain or discomfort 

 

1 (2.1) 

6 (12.5) 

25 (52.1) 

15 (31.3) 

1 (2.1) 

 

6 (19.4) 

9 (29.0) 

12 (38.7) 

4 (12.9) 

0 (0) 

 

0.011 * 

LCADL (0–75) 33 (16.8) 20 (10) <0.001 *** 

LCADL (%) 44 (22.3) 26.7 (13.3) <0.001 *** 

FAS (10–50) 38 (13) 31 (12) 0.001 ** 

Dyspnea post 30s-STS (0–10) 4 (4) 2 (4) 0.029 * 

Fatigue post 30s-STS (0–10) 7 (3) 3 (5) <0.001 *** 

Values are median (IQR) or mean ± SD. Abbreviation: 30s-STS, 30 s sit-to-stand; EQ-5D-5l, European 

quality of life–5 dimensions–5 levels; FAS, fatigue assessment scale; LCADL, London chest activity 

of daily living; PCDS, Post-COVID-19 functional status. * Statistically significant difference (p < 

0.05); ** Statistically significant difference (p < 0.01); *** Statistically significant difference (p < 0.001). 
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The median (IQR) fatigue and dyspnea reported on the Borg scale (0–10) after the 30s-

STS test were 6.0 (5.0) and 3.0 (5.0), respectively. A low and significant correlation was ob-

tained between FAS and lower limb fatigue reported on the Borg scale (0–10) post-30s-STS 

(r = 0.24, p = 0.034). A high and significant correlation was obtained between LCADL and 

dyspnea reported on the Borg scale (0–10) post-30s-STS (r = 0.71, p < 0.001). The distribution 

of dyspnea and fatigue data for each scale are shown in Supplementary material (Figure S1). 

4. Discussion 

The 30s-STS test proved to be a feasible test to implement in the telehealth setting when 

assessing physical function and its relationship to persistent symptoms such as fatigue, dysp-

nea, quality of life and pain/discomfort in a sample of community patients with long COVID. 

Functional tests (e.g., 30s-STS) performed via teleassessment are reliable, valid and feasible for 

measuring the performance of healthy young adults in clinical practice [37]. Considering that 

all the cases included in our study were able to perform the test and no adverse events were 

recorded, our results indicate that the 30s-STS may also be an excellent option for telehealth 

assessment of the main symptoms of prolonged COVID (e.g., fatigue, dyspnea, functional im-

pairment and pain), especially in pandemics, when equipment, time and space requirements 

may be limited. Therefore, rehabilitation clinicians may perform the 30s-STS test with confi-

dence when they aim to identify cases with greater physical sequelae [15,24]. 

Our results are similar to those published by Bowman et al. [15], who evaluated the 

feasibility and safety of 30s-STS via telehealth in the oncology population, with a 94% test 

completion rate and no reported safety incidents. Furthermore, in this investigation they 

found a moderate correlation between the 30s-STS and self-reported physical activity level, 

providing evidence of convergent validity [15]. Interestingly, performance in the number of 

repetitions of the 30s-STS in our population (median = 11.5 repetitions) was lower than the 

one reported by Bowman et al. [15] (median 13.5 repetitions) even when our sample was, 

according to median age, 18 years younger. These findings show that the physical sequelae 

following COVID-19 were also significant in non-hospitalized cases, regardless of severity. 

More than half of the cases had poor functional performance (i.e., 30s-STS below the 

reference values), which was associated with increased levels of fatigue, dyspnea and 

pain/discomfort. In fact, the difference between groups was greater than the minimal im-

portant difference established for FAS (4-point) [36], LCADLtotal (range: −2.1 and −5.9 

points), and for LCADL%total (−2 and −6 points) in patients with chronic respiratory dis-

eases (Table 2) [38]. On the other hand, the modified Borg scale used to assess lower limb 

fatigue and dyspnea after the 30s-STS test showed a significant association with the vali-

dated scales for these symptoms, FAS and LCADL, respectively. This test has been com-

monly used as an indicator of lower limb muscle strength/power in patients with chronic 

conditions [25–27]. However, taking into account that the number of repetitions in the 30s-

STS has a moderate correlation with the distance walked in the six-minute walk test and 

therefore requires some physical and cardiorespiratory demand [17], our results indicate 

that this test may also be applied to assess symptoms of fatigue and dyspnea after physical 

exertion, which are very frequent in patients with long COVID [9]. 

Patients with low 30s-STS performance according to reference values also had worse 

quality of life and more severe functional status on PCFS. In addition, participants with 

low 30s-STS performance had a higher severity of pain/discomfort. In fact, more than 85% 

of them had moderate to extreme pain/discomfort, in contrast to participants with normal 

30s-STS performance, of which only 51.6% had this condition. Persistent pain is one of the 

most common symptoms in long COVID and addressing it could be key to improving 

functional performance as well [39]. 

The COVID-19 pandemic has forced healthcare teams to innovate and implement 

new strategies for monitoring patients in need of rehabilitation [19]. Thus, the 30s-STS 

test can also be used to prescribe exercise in telehealth programs or when geographic or 

economic barriers prevent assessment of COVID-19 physical sequelae. For example, func-

tional performance assessment through telehealth could improve access to follow-up of 
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physical sequelae for people living in rural areas, having financial or transport problems, 

insufficient social assistance or being unable to take time off work, which are common 

barriers to rehabilitation programs [18]. Telehealth also presents an opportunity to safely 

benefit vulnerable populations (e.g., home-based rehabilitation). However, new ap-

proaches are needed to achieve a sense of connection similar to that of face-to-face care in 

terms of practical teaching, training and human connection [19]. Particularly, improving 

functional performance using the 30s-STS test has also been a goal of telerehabilitation 

programs for people with COVID-19 and post-COVID-19 conditions. For example, exer-

cises performed through telerehabilitation can specifically improve performance in the 

30s-STS test [40]. Thus, this test can be used for both screening and assessment of post-

treatment changes. Additionally, a functional assessment test prior to the start of the re-

habilitation program could allow an accurate exercise prescription at home [41]. The 30s-

STS has the potential to be delivered safely through telehealth [15], reducing the delivery 

cost and improving patient access and autonomy [40–42]. 

The main limitation of this study was that the chair used for the assessment was not 

standardized for all participants, as it varied from household to household. This could limit 

comparison with baseline data and therefore the results should be interpreted with caution. 

In addition, the device for evaluation varied among each participant. On the other hand, we 

were unable to control cardiorespiratory variables such as oxygen saturation or heart rate. 

Finally, we recognize that there may be a selection bias because recruitment of participants 

was by disclosure and voluntary participation. However, our study has a pragmatic focus 

and may provide guidance to clinicians when assessing and prescribing exercise to their 

patients via telehealth. Future studies should evaluate the possibility of a more comprehen-

sive assessment of functional performance via telehealth, including, for example, step test 

or timed up and go, as well as cardiorespiratory function [24]. In addition, inter-rater relia-

bility testing remains necessary for this type of assessment in patients with long COVID. 

5. Conclusions 

The 30s-STS test proved to be a feasible test to implement in the telehealth setting 

and has shown a relation to fatigue, dyspnea, quality of life and pain/discomfort in a sam-

ple of community patients with long COVID. Clinicians may use this test to prescribe ex-

ercise in telehealth programs or when geographic or economic barriers prevent assess-

ment of the physical sequelae of COVID-19. 

Supplementary Materials: The following supporting information can be downloaded at: 

https://www.mdpi.com/article/10.3390/diagnostics13010024/s1, Figure S1. Association between exer-
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LCADL). 
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