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Evaluation of the learning effect on the 6-min walk distance
in adults with long COVID

To the Editor:

Copyright ©The authors 2024 At the time of writing this letter, worldwide >770 million people had a laboratory-confirmed coronavirus
disease 2019 (COVID-19) infection, a condition caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1]. Long-term effects of COVID-19 are referred to as long COVID and include fatigue,
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Since long COVID can lead to increased fatigue and decreased exercise capacity [4], the 6-min walk test
(6MWT) is an often-used outcome parameter in clinical trials including patients with long COVID. The
6MWT is a valid tool, with a good test-retest reliability to test patients’ functional exercise capacity, to
evaluate the response of a therapeutic intervention or to assess prognosis [5]. Guidelines in chronic
respiratory disease report a significant learning effect and therefore advise performing a practice test. More
specifically, patients with COPD showed a pooled mean improvement on the second 6MWT of 26.3 m,
and patients with asthma had a learning effect of 18 m (95% CI 11-24 m) [5, 6]. It is not yet known
whether a similar learning effect exists in patients with long COVID. As overexertion can lead to a
worsening of symptoms in this population, it is important to carefully consider whether a practice walk is
needed [7]. With this research we aimed to investigate whether a learning effect on the 6-min walk
distance (6MWD) is present in patients with long COVID.

Baseline data of 51 patients that were enrolled in the randomised controlled PuRe-COVID trial
(clinicaltrials.gov identifier NCT05244044) [8] were used for analysis. Patients were included between
April 2022 and June 2023 in two hospitals in Belgium: Antwerp University Hospital (UZA, Edegem) and
Ziekenhuis Oost-Limburg (ZOL, Genk). Ethical approval was obtained from both institutional review
boards (UZA: 2022-3067, ZOL: Z-2022-01) and patients gave informed consent at inclusion. Adult
patients (aged >18 years) were eligible if they had the post-COVID-19 status of >6 weeks with persistent
COVID-19-related symptoms, based on the following criteria: COPD Assessment Test score >10 [9, 10]
and/or modified Medical Research Council dyspnoea scale >2 [9, 11] and/or Checklist Individual
Strength—fatigue >36 [12, 13] and/or post-COVID-19 Functional Status >2 [14].

Two 6MWTs were performed on the same day, according to American Thoracic Society/European
Respiratory Society standards [15], in a straight hospital corridor of 50 m with a minimum of 30 min
between both tests. All tests were undertaken by a trained investigator. A standard operating procedure was
used with standardised phrases for explaining the goal of the test (walk as far as possible) and for
encouragement, which were given each minute. Rating of perceived exertion (RPE) and dyspnoea (RPD),
using the modified Borg scale (range 0-10), was captured before and immediately at the end of the test.

a Data are presented as either mean+sp or median (interquartile range (IQR)), as appropriate. The 6MWD,
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post-RPE and post-RPD between the two measuring times were compared through a paired samples t-test,
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'.) There was no learning effect found on 6-min walk distance (6MWD) in patients with long COVID,
hoek for performing a 6-min walk test twice. However, considerable variation in the difference between the
updates two 6MWDs was observed: only 51% showed an increase. https://bit.ly/3H70G1r
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Participants 51
Female 33 (64.7)
Age years 50£12
BMI kg-m~2 27.5+4.9
Smoking status never/current/former 35(69)/4 (8)/12 (23)
Time since COVID-19 infection days 333 (222-594)
Charlson Comorbidity Index 1(0-2)
Hospital admission during acute COVID-19 4(7.8)
Length of hospital stay during acute COVID-19 days 7£2.8
FEV, % predicted 98.1+13.6
FEV, /FVC ratio % 79.8+6.4
CAT score (points) 19.6+6.9
CIS fatigue (points) 47.4+6.8
mMRC (grade) 1(1.0-2.0)
PCFS (grade) 2(2.0-3.0)

FIGURE 1 a) Bland-Altman plot of 6-min walk distance (6MWD); b) participant characteristics. Data are
presented as n, n (%), meantsp or median (interquartile range). UCL: upper class limits; LCL: lower class limits;
BMI: body mass index; COVID-19: coronavirus disease 2019; FEV;: forced expiratory volume in 1s; FVC: forced
vital capacity; CAT: COPD Assessment Test; CIS: Checklist Individual Strength; mMRC: modified Medical
Research Council; PCFS: Post-COVID-19 Functional Status scale.

using SPSS (version 28.0; IBM, Armonk, NY, USA). The Spearman correlation between the time interval
between both tests and the difference between both 6MWDs (test 2 — test 1) was calculated. Associations
between patient characteristics and the difference between both 6MWD were also considered. The two-way
random intraclass correlation coefficient (ICC) with single measures and the Bland—Altman plot was used
to assess the test-retest reliability of the 6MWT.

51 patients were recruited (figure 1). Patients performed a first 6MWT with a meantsp 6MWD of 548
+95 m, median (IQR) RPE of 3.0 (2.0-6.0) and RPD of 4.0 (3.0-7.0). During the second 6MWT (with a
median time interval of 91 min between both tests, minimum 37 min and maximum 176 min) they had a
6MWD of 547+94 m, RPE of 4.0 (3.0-5.0) and RPD of 4.0 (3.0-6.0). The mean change between the two
consecutive 6MWDs was —1 m (95% CI —9-7 m; p=0.83). There was a mean change for RPE of 0.3
(—0.1-0.7; p=0.14) and for RPD of —0.1 (—0.5-0.2; p=0.47). Only 26 (51%) patients performed better
during their second 6MWD, while 25 (49%) patients performed less well (figure 1). Four (8%) patients
showed a >30.5 m increase (the suggested minimal clinical important difference for 6MWD for patients
with cardiopulmonary diseases [16]), while six patients (12%) showed a >30.5 m decrease. The limits of
agreement between the two 6MWTs ranged from —55.7 m to 54.0 m. The test-retest reliability between
both 6MWTs was excellent (ICC 0.96, 0.93-0.98; p<0.001). No significant associations were found
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between the patient characteristics and the difference between both 6MWDs. However, there was a
statistically significant positive association (r=0.35, p=0.02) between the time interval between both tests
and the difference between both 6MWD, suggesting that a longer time interval tends to coincide with an
increase of 6MWD in the second test compared to the first test.

While relevant differences are observed between two walk tests in individual patients, a systematic increase
in 6BMWD (indicating a learning effect) was not found. This is in contrast with the learning effect seen in
other chronic respiratory diseases or even in healthy subjects [6, 17, 18]. Only half of them (51%)
increased their second 6MWT; this in contrast with patients with COPD where this is 82% [17] and 73%
in patients with asthma [6].

It is not clear yet why almost half of the patients with long COVID decreased their second 6MWD. A
possible explanation could be that some patients suffer from post-exertional malaise (PEM), which is an
important and debilitating symptom in this population [7]. PEM is the worsening of symptoms following
even minor physical or mental exertion, with symptoms typically worsening 12—48 h after activity, but
may be immediate, and lasting for days or even weeks [19]. It might be that the effect of overexertion
overrules a possible learning effect. We could assume that if patients suffer from fatigue, their RPE would
be higher at the start of their second 6MWD. While in the whole group the baseline RPE did not differ
between the first and second tests (1.8+1.9 versus 2.0+2.0, p=0.57), in the group of patients who decreased
their second 6MWD (n=25), baseline RPE was statistically significantly higher at the start of the second
test (1.8+1.1 (first) versus 2.4+1.6 (second), p=0.04). Another hypothesis for the decrease in 6MWD could
be a lack of motivation, due to the extended test battery they needed to perform in light of their
participation in the PuRe-COVID study. Lack of motivation and PEM in relation to 6MWT were not
investigated in this study and could be incorporated in future research studies on learning curve in the 6MWT.

In conclusion, no significant learning effect was observed in patients with long COVID. However,
considerable heterogeneity between the two 6MWDs was observed in individual patients, and a learning
effect cannot be ruled out in a subgroup of them. These findings may have implications in clinical practice
or in designing studies using the 6MWD as an outcome measure in patients with long COVID. Further
studies are required, as our results suggest that a subgroup of patients might deteriorate at a second test,
which may improve if a longer time window between the two tests is considered.

Tess Volckaerts @2, Kirsten Quadflieg @, Chris Burtin®, Kevin de Soomer >, Ellie Oostveen?,
Ella Roelant ®", Iris Verhaegen ®*, David Ruttens>®, Thérése S. Lapperre ®*" and Dirk Vissers @*2
'Research Group MOVANT, Department of Rehabilitation Sciences and Physiotherapy (REVAKI),
University of Antwerp, Wilrijk, Belgium. *Department of Pulmonology, Antwerp University Hospital
(UZA), Edegem, Belgium. 3REVAL - Rehabilitation Research Center, BIOMED Biomedical Research
Institute, Faculty of Rehabilitation Sciences, Hasselt University, Diepenbeek, Belgium. *Clinical Trial
Center, Antwerp University Hospital (UZA), Edegem, Belgium. *Department of Pulmonary Medicine,
Ziekenhuis Oost-Limburg (ZOL), Genk, Belgium. SFaculty of Medicine and Life Science, Hasselt
University, Hasselt, Belgium. ’Laboratory of Experimental Medicine and Pediatrics, University of
Antwerp, Antwerp, Belgium.

Corresponding author: Tess Volckaerts (tess.volckaerts@uza.be)

Provenance: Submitted article, peer reviewed.

Conflict of interest: We know of no conflicts of interest associated with this publication and there has been no
significant financial support for this work that could have influenced its outcome. We confirm that the manuscript
has been read and approved for submission by all the named authors.

Support statement: This study was supported by Belgian Health Care Knowledge Centre grant LCOV21-1294.
Funding information for this article has been deposited with the Crossref Funder Registry.

Ethics statement: This study received ethics committee approval (2022-3067 in UZA and Z-2022-01 in ZOL Genk).
References

1 World Health Organization (WHO). WHO Coronavirus (COVID-19) Dashboard. https://covid19.who.int/. Date last
accessed: 19 September 2023.

https://doi.org/10.1183/23120541.00708-2023 3


https://orcid.org/0000-0003-4490-5381
https://orcid.org/0000-0002-3905-3180
https://orcid.org/0000-0003-4414-9934
https://orcid.org/0000-0002-9902-6328
https://orcid.org/0000-0002-7496-7439
https://orcid.org/0000-0002-5176-0101
https://orcid.org/0000-0001-5901-6515
mailto:tess.volckaerts@uza.be
https://www.crossref.org/services/funder-registry/
https://covid19.who.int/
https://covid19.who.int/

ERJ OPEN RESEARCH

10

11
12

13

14

15

16

17

18

19

RESEARCH LETTER | T. VOLCKAERTS ET AL.

Antoniou KM, Vasarmidi E, Russell AM, et al. European Respiratory Society statement on long COVID-19
follow-up. Eur Respir J 2022; 60: 2102174.

Shah W, Hillman T, Playford ED, et al. Managing the long term effects of covid-19: summary of NICE, SIGN,
and RCGP rapid guideline. BMJ 2021; 372: n136.

Dusart C, Smet J, Chirumberro A, et al. Pulmonary functional outcomes at 3 months in critical COVID-19
survivors hospitalized during the first, second, and third pandemic waves. J Clin Med 2023; 12: 3712.

Singh SJ, Puhan MA, Andrianopoulos V, et al. An official systematic review of the European Respiratory
Society/American Thoracic Society: measurement properties of field walking tests in chronic respiratory
disease. Eur Respir J 2014; 44: 1447-1478.

Meys R, Janssen SMJ, Franssen FME, et al. Test-retest reliability, construct validity and determinants of
6-minute walk test performance in adult patients with asthma. Pulmonology 2023; 29: 486-494.

Twomey R, DeMars J, Franklin K, et al. Chronic fatigue and postexertional malaise in people living with long
COVID: an observational study. Phys Ther 2022; 102: pzac005.

Volckaerts T, Vissers D, Burtin C, et al. Randomised, controlled, open-label pragmatic trial evaluating changes
in functional exercise capacity after primary care PUlmonary REhabilitation in patients with long COVID:
protocol of the PuRe-COVID trial in Belgium. BMJ Open 2023; 13: e071098.

Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for the diagnosis, management, and prevention of chronic
obstructive pulmonary disease: GOLD executive summary. Am J Respir Crit Care Med 2013; 187: 347-365.
Jones PW, Harding G, Berry P, et al. Development and first validation of the COPD Assessment Test. Eur
Respir J 2009; 34: 648-654.

Mahler DA, Wells CK. Evaluation of clinical methods for rating dyspnea. Chest 1988; 93: 580-586.
Worm-Smeitink M, Gielissen M, Bloot L, et al. The assessment of fatigue: psychometric qualities and norms
for the Checklist Individual Strength. J Psychosom Res 2017; 98: 40-46.

Vercoulen JH, Swanink CM, Fennis JF, et al. Dimensional assessment of chronic fatigue syndrome.
J Psychosom Res 1994; 38: 383-392.

Klok FA, Boon GJAM, Barco S, et al. The Post-COVID-19 Functional Status scale: a tool to measure functional
status over time after COVID-19. Eur Respir J 2020; 56: 2001494,

Holland AE, Spruit MA, Troosters T, et al. An official European Respiratory Society/American Thoracic Society
technical standard: field walking tests in chronic respiratory disease. Eur Respir J 2014; 44: 1428-1446.
Bohannon RW, Crouch R. Minimal clinically important difference for change in 6-minute walk test distance of
adults with pathology: a systematic review. J Eval Clin Pract 2017; 23: 377-381.

Hernandes NA, Wouters EF, Meijer K, et al. Reproducibility of 6-minute walking test in patients with COPD.
Eur Respir J 2011; 38: 261-26T.

Gibbons WJ, Fruchter N, Sloan S, et al. Reference values for a multiple repetition 6-minute walk test in
healthy adults older than 20 years. J Cardiopulm Rehabil 2001; 21: 87-93.

Centers for Disease Control and Prevention. Treating the Most Disruptive Symptoms First and Preventing
Worsening of Symptoms. www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-
disruptive-symptoms.html. Date last accessed: 13 July 2023. Date last updated: 30 April 2021.

https://doi.org/10.1183/23120541.00708-2023 4


https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html
https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html
https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html
https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html
https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html
https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html
https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html
https://www.cdc.gov/me-cfs/healthcare-providers/clinical-care-patients-mecfs/treating-most-disruptive-symptoms.html

	Evaluation of the learning effect on the 6-min walk distance in adults with long COVID
	References


