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Research Article 

Abstract 

Introduction: Although hypoxaemia is an important prognostic factor in COVID-19, its absence is not always 

reassuring, as some patients with initially mild symptoms can rapidly progress into severe or critical diseases. 

The aim was to compare the performance of modified exercise tests against a 6-minute walk test and investigate 

if modified exercise tests can be used as an early severity prediction tool. 

Methods: This prospective cross-sectional study included all patients aged 12 and above admitted to the 

University Medical Unit of Teaching Hospital Anuradhapura with COVID-19 infection and normal resting 

oxygen saturation (94–100%). Patients with acute and chronic cardiorespiratory diseases were excluded. Each 

participant was randomly allocated to perform one of the three selected modified exercise tests, a 1-minute sit-

to-stand test, a 30-second sit-to-stand test, and a 40-step walk test. All underwent a 6-minute walk test after 15 

minutes of rest, as the latter is validated in some respiratory diseases. Saturation before and after each test and 

patient outcomes were recorded. Desaturation by 3% or more was considered a positive test. 

Results: Males were the majority (56.5%, n=62), and the mean age was 45.8(SD+16.3) years. Proportions for 

positive tests were 5/22(22.7%) for 1-minute sit-to-stand test, 4/23(17.3%) for 30-second sit-to-stand test, 

5/17(29.4%) for 40-step walk test and 9/62(14.5%) for 6-minute walk test. None developed severe disease in 

this sample. Only two patients (3%) developed moderate disease needing oxygen; one had both negative 30-

second sit-to-stand test and 6-minute walk test, while the other was positive for the 40-step walk test and the 

6-minute walk test. Eleven (17.7%) had a negative 6-minute walk test despite a positive modified exercise test. 

Conclusions: Modified exercise tests and the 6-minute walk test are not comparable. We recommend adequately 

powered large-scale studies to test the validity of these tests in clinical practice. 
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Introduction  

COVID-19 infection is an acute respiratory illness 

caused by SARS-CoV-2, a new variant of coronavirus 

first recognised in Wuhan, China, in December 2019 

[1]. This pandemic has caused enormous challenges to 

the healthcare systems of both developed and 

developing countries [2]. The clinical spectrum of 

COVID-19 can range from no symptoms to life-

threatening illness [3]. Patients with other comorbid 

medical conditions and who are aged more than 65 

years are more likely to develop severe disease [3]. The 

percentage of individuals who remain asymptomatic 

throughout infection is variable and incompletely 

defined. Currently, it is unclear what percentage of 

individuals who present with asymptomatic infection 

progress to clinical disease [3]. Respiratory involvement 

may range from mild upper respiratory infection to 

acute respiratory distress syndrome [4].  

Hypoxaemia and the need for supplemental oxygen are 

independent predictors of severe outcomes in 

hospitalised patients with COVID-19 [5,6]. The 

National Institute for Health and Care Excellence 

(NICE) guidelines in the UK recommend the use of 

oximetry in the assessment of COVID-19 patients, as 

there is a poor correlation between subjective dyspnoea 

and hypoxia [7]. A retrospective cohort study showed 

the presence of dyspnoea had a positive predictive value 

of only 42% for hypoxia, and the absence of dyspnoea 

had a negative predictive value of 86% for excluding it 

[8]. The presence of profound hypoxemia at rest in the 

absence of proportional clinical features of respiratory 

distress is termed ‘silent’ or ‘happy’ hypoxia. It has now 

been recognised as a feature of COVID-19 [9,10]. 

Development of severe hypoxaemia usually takes about 

7 to 12 days from symptom onset [07,11]. Although 

hypoxaemia is a critical prognostic factor in COVID-19, 

the absence is not always reassuring, as some patients 

with initially mild symptoms can rapidly progress into 

severe or critical disease [12]. It is widely reported that 

a proportion of patients with COVID-19 have normal 

pulse oximetry at rest, but they are desaturated after 

exertion (unpublished data). UK guidelines recommend 

exercise desaturation tests to identify early deterioration 

[13]. Desaturation by 3% or more is a reason for serious 

concern in COVID-19, irrespective of the amount of 

exercise needed to produce it [14]. 

Currently, exercise tests are primarily used to monitor 

chronic lung disease. The six-minute walk test is widely 

used for monitoring and assessing exercise capacity in 

individuals with chronic lung disease. Variables 

measured during the 6-minute walk test, such as six-

minute walk distance and desaturation, strongly predict 

mortality in patients with idiopathic pulmonary fibrosis 

[15]. Measurement of post-exertion oxygen saturation 

has been proposed as a method to predict and assess the 

severity of COVID-19. However, there is no consensus 

on what tests should be used.  

In this study, we aimed to compare modified exercise 

tests with the widely used 6-minute walk test and to 

investigate the performance of these tests in predicting 

severe outcomes in COVID-19. 

Methods 

Eligibility criteria  

This cross-sectional analytical study was conducted at 

the University Medical Unit of the Teaching Hospital 

in Anuradhapura from February 16, 2022, to June 18, 

2022. All patients admitted with COVID-19 infection 

were assessed for eligibility. All male and female 

patients aged 12 years and above with a confirmed 

COVID-19 infection and a pulse oximetry (SpO2) 

reading between 94% and 100% were included in the 

study. Patients who had a contraindication for exercise 

tests, such as acute coronary syndromes, acute heart 

failure, suspected myocarditis, or severe anaemia, were 

excluded. Those with chronic lung diseases with 

exercise-induced desaturation and persons with 

suspected or confirmed pulmonary embolism or 

pulmonary hypertension were also excluded. 

Modified exercise tests  

For this study, we selected three widely used modified 

exercise tests: the 1-minute sit-to-stand test, its 30-

second variant, and the 40-step walk test. These 

modified exercise tests were compared with the 6-

minute walk test.  

1. One-minute sit-to-stand test  

Participants were asked to sit and stand on a chair as 

quickly as possible for 60 seconds.  

 

2. 30 seconds sit-to-stand test  

Participants were asked to sit and stand on a chair as 

quickly as possible for 30 seconds.  

 

3. 40-step walk test 

Participants took a 40-step walk as fast as they could.  

 

 

Six-Minute Walk Test  

Participants were asked to walk at their fastest pace for 

6 minutes.  
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Randomisation 

Permuted block randomisation was used to assign 

participants to three groups using an online computer 

application [16]. Varying block sizes were used, and 

block sizes were blinded to investigators to avoid 

predictability. Group A performed the 1-minute sit-to-

stand test, group B performed the 30-second sit-to-stand 

test, and group C performed the 40-step walk test. After 

a 15-minute rest, all participants performed the 6-

minute walk test. SpO2 was measured before and 

immediately after each exercise test. We used a Philips 

G30E patient monitor to take SpO2 measurements 

using the middle finger. The number of sit-stand cycles 

was also counted for the two sit-stand tests. The walking 

distance for the 6-minute walk test was measured. A 3% 

or more desaturation was considered a positive test [14]. 

All participants were managed according to the unit 

protocol, and those who fulfilled discharge criteria were 

discharged. However, they were reassessed for 

outcomes at one week and 4 weeks through telephone 

conversations.  

Outcome measures 

Outcome measures were the need for supplemental 

oxygen, noninvasive or invasive ventilation, 

development of severe or critical disease, need for organ 

support, and death. 

 

Definitions 

Case definition  

A person with a positive nucleic acid amplification test 

(NAAT) for COVID-19 or a positive COVID-19 rapid 

antigen test with clinical features suggestive of COVID-

19 infection (fever, cough, sore throat, malaise, 

headache, muscle pain, nausea, vomiting, diarrhoea, 

loss of smell, and shortness of breath). 

Definition of severity [3] 

Mild illness  

Patients with mild illness may exhibit various signs and 

symptoms (e.g. fever, cough, sore throat, malaise, 

headache, muscle pain, nausea, vomiting, diarrhoea, 

loss of taste and smell). They do not have shortness of 

breath, dyspnea on exertion, or abnormal chest 

imaging. 

 

Moderate illness  

Moderate illness is defined as evidence of lower 

respiratory disease during clinical assessment or 

imaging, with a SpO2 ≥94% on room air at sea level. 

 

Severe illness  

Patients with COVID-19 are considered to have severe 

illness if they have SpO2 <94% on room air at sea level, 

a respiratory rate >30 breaths/min, PaO2/FiO2 <300 

mm Hg, or lung infiltrates >50%.  

Critical illness  

Critically ill patients may have acute respiratory distress 

syndrome, septic shock that may represent virus-

induced distributive shock, cardiac dysfunction, an 

exaggerated inflammatory response, and/or 

exacerbation of underlying comorbidities. In addition 

to pulmonary disease, patients with critical illness may 

also experience cardiac, hepatic, renal, central nervous 

system, or thrombotic disease.  

 

Results 

Sixty-two participants were recruited for this study, 

with males comprising the majority (56.5%), and the 

mean age was 45.8 (SD 16.3) years (Figure 1). 

The most common symptom was fever (79%, n = 62), 

followed by shortness of breath (37.1%) and cough 

(27.4%). The least common respiratory symptom was 

anosmia (6.5%). The median day of admission was day 

two, and the median duration of hospital stay was one 

day. No participants were readmitted with worsening 

symptoms after being discharged home or to 

intermediate care centres. All participants completed 

the exercise tests. 

Nine participants (14.5%) had a positive 6-minute walk 

test. Out of those nine participants, the proportions of 

positive modified exercise tests were 1/4 for the one-

minute sit-to-stand test, 1/3 for the 30-second sit-to-

stand test, and 1/2 for the 40-step walk test (Table 1). 

There were 53 participants (85.5%) with a negative 6-

minute walk test. In this group, the proportions for 

negative modified exercise tests were 14/18 in the one-

minute sit-to-stand test, 17/20 in the 30-second sit-to-

stand test, and 11/15 in the 40-step walk test (Table 1). 

Proportions for positive modified exercise tests were 

5/22 (22.7%) for the one-minute sit-to-stand test, 4/23 

(17.3%) for the 30-second sit-to-stand test, and 5/17 

(29.4%) for the 40-step walk test.  

However, when positive modified exercise test results 

were compared with the 6-minute walk test, only 1 in 5 

of the participants in the one-minute sit-to-stand test,1 

in 4 in the 30-second sit-to-stand test, and 1 in 5 in the 

40-step walk test had a positive 6-minute walk test 

result (Table 1). 
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Figure 1: Flow chart of participants’ recruitment to 

different exercise tests (1M-STST; one-minute sit-to-stand test, 30S-

STST; 30-second sit-to-stand test, 40-SWT; 40-step walk 6MWT; 6-minute 

walk test).  

Only two patients (3%) developed moderate disease 

requiring oxygen. One had a negative 30-second sit-to-

stand test and a 6-minute walk test, while the other was 

positive for both the 40-step walk test and the 6-minute 

walk test. None developed severe or critical disease or 

organ failures in this cohort.  

Discussion 

The 6-minute walk test was positive in 9 out of 62 

participants (14.5%). Percentages for positive modified 

exercise tests were 22.7% for the one-minute sit-to-stand 

test, 17.3% for the 30-second sit-to-stand test, and 29.4% 

for the 40-step walk test. When the 6-minute walk test is 

compared with modified exercise tests, we found that out 

of 14 participants with a positive modified exercise test, 

only three had a positive 6-minute walk test, and out of 9 

participants with a positive 6-minute walk test, only 03 

had a positive modified exercise test. Eleven (17.7%, n = 

62) had a negative 6-minute walk test despite a positive 

modified exercise test (Table 1). Therefore, based on these 

results, it appeared that the 6-minute walk test was not 

comparable to modified exercise tests. 

Furthermore, in our study, 14 participants were 

significantly desaturated (by 3% or more) during modified 

exercise tests, and nine participants exhibited a similar 

degree of desaturation during the 6-minute walk test. 

However, none of them developed severe disease 

outcomes. Therefore, further studies are required in 

patients with COVID-19 before recommending these 

exercise tests in clinical practice. 

 

Table 1: The results of Modified Exercise Tests and 6-

minute walk test. 

  6MWT  Median number 

of sit-standing 

cycles  

Positive Negative 

1M-

STST 

Positive 1 4 15 (IQR 14-24) 

Negative 3 14 18 (IQR 14-23) 

30S-

STST 

Positive 1 3 18 (IQR12.5-14.5) 

Negative 2 17 14 (IQR13-14.75) 

40SWT Positive 1 4 N/A 

Negative 1 11 N/A 

Mean distance in 

6MWT 

366.9 m 365.4 m   

(1M-STST; one-minute sit-to-stand test, 30S-STST; 30-second sit-to-

stand test, 40SWT; 40-step walk test, 6MWT; 6- minute walk test) 

Measurement of exercise-induced oxygen desaturation 

has been proposed as a predictor of the severity of 

COVID-19, and numerous exercise tests have been 

described in the literature. A review by Lee et al. 

summarises different walking tests, stair-climbing tests, 

and sit-to-stand tests that have been studied [17]. 

However, all the tests described by this review have been 

designed to monitor the severity of chronic lung diseases, 

and some have been shown to correlate with survival [17]. 

Another recent systematic review examined the validity of 

a one-minute sit-to-stand test in measuring exercise 

capacity in individuals with chronic lung disease [18]. It 

was found that the test correlated with the severity of lung 

disease, and the test score (measured by the number of sit-

to-stand cycles) correlated with the 6-minute walk test. 

They concluded, "The one-minute sit-to-stand test appears 

to be a practical, reliable, valid, and responsive alternative 

for measuring exercise capacity, particularly where space 

and time are limited.” However, these authors did not 

examine the one-minute sit-to-stand test in their 

assessment of exertional desaturation [18]. We also found 

a smaller study involving 107 patients with chronic 

interstitial lung disease, which compared the nadir SpO2 

measured by oximetry during the 6-minute walk test and 

the one-minute sit-to-stand test [19]. They reported a high 

correlation between these two values (r = 0.9; p < 0.0001). 

65 assessed for 

eligibility 

3 excluded 

from 

randomization 

Randomization 

Group A Group C 

1M-STST 

(n=22) 

40-SWT 

(n=17) 

6MWT after 15-minute rest 

Group B 

30S-STST 

(n=23) 
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Although some exercise tests have been validated for 

chronic lung diseases, we found no published literature on 

validation studies of exertional desaturation tests in 

COVID-19 patients. However, the PRIEST observational 

cohort study done in the UK aimed to determine if post-

exertion oxygen saturation can be used as a prognostic 

factor for adverse outcomes in suspected COVID-19 [20]. 

They concluded that post-exertion desaturation tests 

provided modest prognostic value in assessing patients 

suspected of having COVID-19. However, this study 

collected data regarding post-exertion desaturation 

retrospectively. Therefore, exercise tests have not been 

standardised in the PRIEST study. 

Only 8 out of 23 participants who complained of shortness 

of breath on admission were positive for one of the three 

modified exercise tests, and 6 out of 39 participants who 

were not short of breath were positive for one of the three 

modified exercise tests. The maximum drop of SpO2 

following a modified exercise test was 14%. However, this 

participant recovered uneventfully without developing 

severe disease. Interestingly, an improvement in post-test 

SpO2 up to 3% was observed in 17 (27.4%) participants 

who underwent modified exercise tests.  

Poor correlation between shortness of breath and hypoxia 

has been described earlier [7]. A retrospective cohort study 

showed the presence of dyspnoea had a positive predictive 

value of only 42% for hypoxia [8]. However, we found no 

published literature on the sensitivity of shortness of 

breath in predicting an abnormal exercise test result. In 

our study, we observed an improvement in post-test 

arterial saturation up to 3% in 17 (27.4%) participants who 

underwent a modified exercise test. Previous studies 

regarding the changes in oxygen saturation after acute 

exercise have reported contrasting results. Simanjuntak et 

al. reported that SpO2 rose [21], while Daglioglu et al. 

reported that SpO2 decreased [22] after acute exercise in 

healthy subjects. Rompas et al. observed no change in 

SpO2 after exercise [23]. However, none of these tests have 

been conducted in patients with acute respiratory 

infections; all were healthy subjects. 

Conclusions 

None of the participants with exercise-induced 

desaturation (22.6%) developed severe or critical disease 

in this study. Modified exercise tests and the 6-minute 

walk test do not seem to be comparable. None of the 

participants in our study group developed severe or critical 

disease. Therefore, we were not able to conclude whether 

one or more of the modified exercise tests or the 6-minute 

walk test can be used as a severity prediction tool for 

COVID-19 infection. We recommend adequately 

powered large-scale studies to test the validity of these tests 

before recommending them for clinical practice. 

Limitations  

A small sample size is the major limitation. The absence 

of severe outcomes in this cohort precludes calculating the 

sensitivity of these tests in predicting severe outcomes. 

Conflicts of interest 

Authors have no conflicts of interests 

Ethical statement 

Ethical approval was obtained from the Ethics Review 

Committee of the Faculty of Medicine and Allied 

Sciences, Rajarata University of Sri Lanka. 

Written informed consent was obtained from the 

participants before they were recruited for the study. In the 

case of a minor (<18 years), consent was obtained from 

the guardian with the patient's assent.  Those willing to 

participate in the study were assessed using the 

aforementioned clinical tests; however, we did not alter 

the management protocol of the unit under any 

circumstances. 

 

Acknowledgement  

We thank all the participants who took part in this study. 

The guidance and assistance provided by Prof. Kosala 

Weerakoon (Rajarata University of Sri Lanka), Prof. 

Anjana Silva (Rajarata University of Sri Lanka), and Dr. 

Janith Warnasekara (Rajarata University of Sri Lanka) are 

greatly acknowledged.

References 

1. World Health Organization. Living guidance for clinical management of COVID-19. Geneva: WHO; 2021. Available from: 

https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2021-1 

2. The World Bank. The global economic outlook during the COVID-19 pandemic: a changed world. Washington (DC): The 
World Bank; 2020. Available from: https://www.worldbank.org/en/news/feature/2020/06/08/the-global-economic-

outlook-during-the-covid-19-pandemic-a-changed-world 



 

Sarathchandra C et al. 2025,01:02; http://doi.org/10.4038/joth.v1i2.14         

 

Journal of Tropical Health 2025 Vol. 1 (Issue 2) 53-59 

3. COVID-19 Treatment Guidelines Panel. Coronavirus disease 2019 (COVID-19) treatment guidelines. Bethesda (MD): 
National Institutes of Health; 2020. Available from: https://www.covid19treatmentguidelines.nih.gov/ 

4. Pandit R, Vaity C, Mulakavalupil B, Matthew A, Sabnis K, Joshi S. Unmasking hypoxia in COVID-19 - Six-minute walk 
test. J Assoc Physicians India. 2020;68(11):50–1. 

5. Knight SR, Ho A, Pius R, Buchan I, Carson G, Drake TM, et al. Risk stratification of patients admitted to hospital with 
COVID-19 using the ISARIC WHO Clinical Characterisation Protocol: development and validation of the 4C Mortality 

Score. BMJ. 2020;370:m3339. doi: 10.1136/bmj.m3339. 

6. Xie J, Covassin N, Fan Z, Singh P, Gao W, Li G, et al. Association between hypoxemia and mortality in patients with 
COVID-19. Mayo Clin Proc. 2020;95(6):1138–47. doi: 10.1016/j.mayocp.2020.04.006. 

7. National Institute for Health and Care Excellence. COVID-19 rapid guideline: managing suspected or confirmed pneumonia 
in adults in the community. London: NICE; 2020. Available from: https://www.nice.org.uk/guidance/ng165 

8. Berezin L, Zhabokritsky A, Andany N, Chan AK, Gershon A, Lam PW, et al. The diagnostic accuracy of subjective dyspnea 
in detecting hypoxemia among outpatients with COVID-19 [Preprint]. medRxiv. 2020. doi:10.1101/2020.08.10.20172262. 

9. Dhont S, Derom E, Van Braeckel E, Depuydt P, Lambrecht BN. The pathophysiology of ‘happy’ hypoxemia in COVID-19. 

Respir Res. 2020;21(1):198. doi: 10.1186/s12931-020-01462-5. 

10. Couzin-Frankel J. The mystery of the pandemic’s ‘happy hypoxia’. Science. 2020;368(6490):455–6. doi: 

10.1126/science.368.6490.455. 

11. Mantha S, Tripuraneni SL, Roizen MF, Fleisher LA. Proposed modifications in the 6-minute walk test for potential 

application in patients with mild COVID-19: a step to optimise triage guidelines. Anesth Analg. 2020;131(2):398–402. doi: 
10.1213/ANE.0000000000004986. 

12. Kalin A, Javid B, Knight M, Inada-Kim M, Greenhalgh T. Direct and indirect evidence of efficacy and safety of rapid exercise 

tests for exertional desaturation in COVID-19: a rapid systematic review. Syst Rev. 2021;10(1):77. doi: 10.1186/s13643-021-
01620-w. 

13. NHS England and NHS Improvement. Pulse oximetry to detect early deterioration of patients with COVID-19 in primary 
and community care settings. London: NHSE/I; 2020. Available from: 

https://www.england.nhs.uk/coronavirus/publication/pulse-oximetry-to-detect-early-deterioration-of-patients-with-covid-
19-in-primary-and-community-care-settings/ 

14. Greenhalgh T, Javid B, Knight M. What is the efficacy and safety of rapid exercise tests for exertional desaturation in COVID-

19?. Oxford: Centre for Evidence-Based Medicine; 2020. Available from: https://www.cebm.net/covid-19/what-is-the-
efficacy-and-safety-of-rapid-exercise-tests-for-exertional-desaturation-in-covid-19/ 

15. Lancaster LH. Utility of the six-minute walk test in patients with idiopathic pulmonary fibrosis. Multidiscip Respir Med . 
2018;13:45. doi:10.1186/s40248-018-0158-z. 

16. Sealed Envelope Ltd. Create a blocked randomisation list. 2021. Available from: https://www.sealedenvelope.com/simple-
randomiser/v1/lists 

17. Lee A, Harrison S, Beauchamp MK, Goldstein RS, Brooks D. Alternative field exercise tests for people with respiratory 

conditions. Curr Phys Med Rehabil Rep. 2015;3(3):232–41. doi: 10.1007/s40141-015-0097-y. 

18. Bohannon RW, Crouch R. 1-minute sit-to-stand test: systematic review of procedures, performance, and clinimetric 

properties. J Cardiopulm Rehabil Prev. 2019;39(1):2–8. doi: 10.1097/HCR.0000000000000336.  

19. Briand J, Behal H, Chenivesse C, Wémeau-Stervinou L, Wallaert B. The 1-minute sit-to-stand test to detect exercise-induced 

oxygen desaturation in patients with interstitial lung disease. Ther Adv Respir Dis. 2018;12:1753466618793028. doi: 
10.1177/1753466618793028. 

20. Goodacre S, Thomas B, Lee E, Sutton L, Loban A, Waterhouse S, et al. Post-exertion oxygen saturation as a prognostic 

factor for adverse outcome in patients attending the emergency department with suspected COVID-19: a substudy of the 
PRIEST observational cohort study. Emerg Med J. 2021;38(2):88–93. doi: 10.1136/emermed-2020-210528. 

21. Simanjuntak RH, Engka JNA, Marunduh SR. Effect of acute physical exercise on oxygen saturation in basketball players 
from the medical faculty of UNSRAT. J e-Biomedik PAAI. 2016;4(1):20–4. 

https://www.cebm.net/covid-19/what-is-the-efficacy-and-safety-of-rapid-exercise-tests-for-exertional-desaturation-in-covid-19/
https://www.cebm.net/covid-19/what-is-the-efficacy-and-safety-of-rapid-exercise-tests-for-exertional-desaturation-in-covid-19/


 

Sarathchandra C et al. 2025,01:02; http://doi.org/10.4038/joth.v1i2.14         

 

Journal of Tropical Health 2025 Vol. 1 (Issue 2) 53-59 

22. Daglioglu O, Mendes B, Bostanci O, Ozdal M, Demir T. The effect of short-term exercise on oxygen saturation in soccer 
players. Aust J Basic Appl Sci. 2013;7(10):446–9. 

23. Rompas SE, Pangkahila EA, Polii H. Comparison of oxygen saturation before and after doing acute physical exercise on 
students of the Faculty of Medicine, Unsrat class 2019. J e-Biomedik PAAI. 2020;8(1):41–5. 

 

 


