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Exercise capacity; Rationale: The six-minute walk test (6MWT) is a practical and simple field-based test to assess
Functional capacity; physical capacity. Several reference equations for six-minute walking distance (6MWD, m) exist,
6MWT; but have a number of limitations that decrease their clinical utility. In addition, no reference
6MWD; equations exist for the 6MWT-derived outcome six-minute walk work (6MWORK, kg.m).

6MWORK Objectives: To establish new reference equations for 6MWD and 6MWORK on a 20 m course using

data from the population-based Canadian Cohort Obstructive Lung Disease study.

Methods and Measurements: A total of 335 participants without obstructive or restrictive pul-
monary function, with normal self-reported health status, normal exercise capacity, and <30
pack years cigarette smoking history were selected to create a representative sample of Cana-
dian adults aged >40 years. All participants performed two 6MWTs. Reference equations were
derived using multiple regression analyses.

Main Results: On average, 6MWD and 6MWORK were 541+98 m and 41.3 + 11.2 kg.m, respec-
tively. All outcomes were significantly greater in males than females. Sex-specific reference
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equations were derived from the results of 6MWD and 6MWORK with an explained variance of 24

to 35%.

Conclusions: This study established reference equations for 6MWD and 6MWORK on a 20 m
course in Caucasian males and females aged >40 years with normal pulmonary function, self-
reported health status and exercise capacity. These newly derived reference equations add
value to the assessment of functional capacity in clinical practice.

© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Physical capacity is often abnormally low in people with non-
communicable chronic diseases, such as chronic obstructive
pulmonary disease (COPD), asthma, interstitial lung disease
(ILD), heart failure (HF), or pulmonary arterial hypertension
(PAH).""? Because physical capacity cannot be derived accu-
rately from metrics of disease severity (e.g., forced expira-
tory volume in 1-sec (FEV;) or left ventricular ejection
fraction), exercise tests are needed to assess a person’s
physical capacity.’'""3

The six-minute walk test (6MWT) is a practical and simple
field-based exercise test that does not require specialized
equipment or advanced training, and is widely used in clini-
cal practice and research to assess physical capacity in
patients with chronic diseases.'*"> During the 6MWT, partic-
ipants walk as far as possible in six minutes on a pre-deter-
mined course.'® The recommended minimum course length
is 30 m," however in many care settings performing the
6MWT in a 30 m hallway is not feasible due to space limita-
tions. Instead, a 20 m course length is often used to perform
the 6MWT."® The main outcome, the distance walked in six
minutes (6MWD, m), is associated with prognosis in various
chronic conditions (e.g., COPD, ILD, HF, PAH) and responsive
to both pharmacological and non-pharmacological
interventions.”'""'7"20  Additionally, the six-minute walk
work (6MWORK, kg.m; defined as the product of 6MWD in
metres and body mass in kilograms) can be derived from the
6MWT.2"22 This 6MWT-derived outcome may be of additional
clinical importance in patient groups where overweight-obe-
sity may play a role in exercise limitation, and demonstrate
prognostic value in people with COPD.?'

To enable interpretation of 6MWD, this outcome can be
compared with published reference values, which typically
consider age, sex, height and/or body mass.?* This facili-
tates the assessment of the level of impairment of physical
capacity compared to a reference population. Further-
more, using reference equations combined with a lower
limit of normal (LLN) can help differentiate between nor-
mal variation in outcomes and abnormally low outcome
results. Existing studies reporting reference values for
6MWD have several limitations that decrease their clinical
utility, namely: (1) the number of participants was small in
the majority of studies (median: 109; 67% of studies had a
sample size <200 participants?*2); (2) there is ambiguity
with regard to participant recruitment?#2>272% (3) very
limited information was provided on participant
characteristics>2%3%; (4) there is considerable variation in
the reported reference formulas®*>% and (5) only a few ref-
erence equations for 6MWD on a 20 m course exist.?®
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Moreover, reference values for 6MWORK have never been
established. Therefore, the current analyses aimed to
establish new reference equations for 6MWD and 6MWORK
for a 20 m course using unique data from the Canadian
Cohort Obstructive Lung Disease (CanCOLD) study,>* a pop-
ulation-based cohort study in which random sampling was
used to recruit participants aged >40 years. In addition, we
sought to compare our new reference equations for 6MWD
to earlier published reference equations.

Methods
Study design and participants

For this study, a subset of data from CanCOLD was used. The
6MWT was performed at the first follow-up assessment (Can-
COLD visit 2, ~18 months after the baseline visit) and com-
prises a subset of 1019 participants. Recruitment for visit 2
was not completed for the entire cohort. CanCOLD is a pro-
spective, random sampled, population-based study con-
ducted across nine sites in Canada (ClinicalTrials.gov
Identifier: NCT00920348).>* Participants were noninstitu-
tionalized males and females aged >40 years recruited by
random telephone digit dialling. All participants provided
written informed consent before completing study assess-
ments. The research ethics board of each participating insti-
tution approved the study protocol.

Details on participant selection criteria for the current
study are described in Fig. 1. Because of the limited number
of non-Caucasian participants only Caucasian participants
were selected for these analyses. Furthermore, participants
were selected if they performed pulmonary function tests
(PFT) (including post-bronchodilator spirometry and plethys-
mography), two 6MWTs, and had a peak rate of oxygen
uptake (V’O,peak) on a symptom limited incremental car-
diopulmonary cycle exercise test (CPET) between the 95%
upper (ULN) and LLN values.** Having an exercise capacity
within normal predicted limits indicated that a participant’s
exercise tolerance was not limited by any ostensible health
condition or any health hazards such as exposure to environ-
mental tobacco smoke nor was there an abnormally high car-
diorespiratory fitness, for instance resulting from intensive
exercise training.

Participants were excluded from the analyses if: 1) their
post-bronchodilator spirometry indicated an (reversible) air-
flow obstruction or abnormal pulmonary function according
to Global Lung Function Initiative reference values*>>’
(FEV,, forced vital capacity (FVC) or forced vital capacity
(FVC) less than LLN, or total lung capacity (TLC) less than
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Participants that completed CanCOLD Visit 2
n=1,019

Caucasian participants
N=966

Participants that performed spirometry
n=931

After excluding participants with a respiratory infection in the last 3 weeks
n=871

After excluding participants without a satisfactory 6MWT
n=831

After excluding participants with an adverse event during the 6MWT
(See Online Table 5 for details on reported adverse events)
n=813

After excluding participants reporting: “cannot walk due to condition other than dyspnea”
n=768

After excluding participants that did not have a minimum of two 6MWTs
n=766

After excluding participants with evidence of a restrictive pulmonary disorder, an obstructive
pulmonary disorder and/or evidence of reversible airway obstruction *
n=496

After excluding participants with a cigarette smoking history >30 pack years
n=429

After excluding participants with V'O,peak on incremental CPET <LLN or >ULN at CanCOLD Visit 1
n=355

After excluding participants with MRC dyspnea score >3 and total CAT total score >95™ percentile
based on age and sex at both CanCOLD Visit 1 and Visit 2
n=335

Fig. 1

80%-predicted or an increase in FEV; or FVC >12% and
>200 mL from baseline 10—15 min after bronchodilator
administration. A full description of both pre- and post-bron-
chodilator PFT outcomes are described in Table 1); 2) they
had a cigarette smoking history >30 pack years (PY) (based
on a univariate regression analyses between different cate-
gories of PY, and an additional sensitivity analysis see online
Table 3 and online Table 4); and/or 3) they reported clini-
cally significant pulmonary symptoms based on Medical
Research Council (MRC) scores (MRC score >3) or COPD
Assessment Test (CAT) total scores (CAT score >95th percen-
tile (ULN) based on age and sex).>®

Measures

The data used in this study was collected during two time
points. Both CPET and PFTs were performed during CanCOLD
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Flowchart of included participants.

visit 1. During CanCOLD visit 2, conducted 18 months after
visit 1, the 6MWTs were performed. At both visits, pulmo-
nary symptoms were assessed using MRC and CAT. To ensure
that no significant changes in pulmonary symptoms occurred
in the time between CanCOLD visits 1 and 2, participants
needed to report a MRC dyspnoea score <3 and CAT total
score <ULN at both visits.

At each visit, general participant characteristics were
recorded, as well as previous and current health conditions.

Six-minute walk test (6MWT)

Before the 6MWT, participants were screened for contraindi-
cations to exercise. The 6MWT was performed in a corridor,
with two cones placed 20 m apart. Instructions were stan-
dardized, as per the American Thoracic Society’s (ATS)
guidelines for the 6MWT." Participants were asked to walk
as far as possible in six minutes by walking back and forth
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Table 1  Participant characteristics.

Total Male Female p-value (Male vs. Female)
n=335 n=172 n=163
Age (year)”™ 68.0+9.1 68.0+9.4 68.0+9.4 0.985
Sex, n (%)*
Male 172 (51.3) °
Female 163 (48.7) - - -
Height (cm)* 167.6 + 9.4 174.3+ 6.4 160.7 +£ 6.4 <0.001
Body mass (kg)* 76.1 +14.6 82.4+12.0 69.5 +14.2 <0.001
BMI (kg/m?)* 27.0+ 4.5 27.1+3.5 26.9+5.3 0.212
BMI <21, n (%) 22 (6.6) 4(2.3) 18 (11.0) 0.002
BMI 21-24, n (%) 91 (27.2) 44 (25.6) 47 (28.8) 0.503
BMI 25—-29, n (%) 154 (46.0) 93 (54.1) 61 (37.4) 0.002
BMI 30—35 46 (13.7) 24 (14.0) 22 (13.5) 0.903
BMI > 36 22 (6.4) 7 (4.1) 15 (9.2) 0.058
Cigarette pack years* 4.7 +8.5 4.2 +8.1 5.4+8.9 0.190
Cigarette smoking status, n (%)*
Current smoker 14 (4.2) 4(2.3) 10 (6.1) 0.103
Ever smoker 106 (31.6) 52 (30.2) 54 (33.1) 0.569
Never smoker 215 (64.2) 116 (67.4) 99 (60.7) 0.201
Self-reported comorbidities, n (%)* 317 (94.6) 161 (93.6) 156 (95.7) 0.394
Lung function
FEV4,% predicted™* 101.4 +14.7 102.1 £13.3 100.7 £ 16.0 0.38
FVC,% predicted* 104.9 +14.5 106.3 + 14.0 103.5 +15.0 0.082
FEV4/FVC,%" 74.6 + 6.1 73.5+6.2 75.8 £5.8 <0.001
FEV,/FVC,% predicted*" 96.3+7.4 96.0+7.7 96.5+7.0 0.415
TLC,% predicted' 105.0 + 14.0 102.9 +£13.5 107.2 +£ 141 0.007
IC,% predicted’ 105.2 + 16.6 105.5 +15.4 104.8 £ 17.8 0.734
RV/TLC,%' 37.1+£7.6 34.2+6.0 40.2+7.9 <0.001
IC/TLC,%' 47.0 £ 8.0 49.1+7.4 44.8 + 8.1 <0.001
D.CO,% predicted' 97.5+20.2 100.4 +19.2 94.6 +20.8 0.009
Cardiopulmonary exercise test
V’0, peak, L/min’ 1.7+0.6 2.1+0.5 1.4+0.4 <0.001
V’0,peak, ml/kg/min' 22.9+6.9 25.7+ 6.6 20.0+ 6.1 <0.001
V’0, peak,% predicted 94.7 +21.1 93.2+19.4 96.3 +£22.8 0.367
Range (min, max)’ 93.6 (49.0, 158.2) 92.9 (49.0, 139.8) 94.0 (53.1,158.2) 0.367
Questionnaire scores
Visit 1
MRC dyspnoea grade' 1.2+0.4 1.2+0.4 1.3+0.5 0.001
median (Q1, Q3) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 2.0) 0.001
MRC1, n (%) 254 (75.8) 143 (83.1) 111 (68.1) 0.001
MRC2, n (%) 81 (24.2) 29 (16.9) 52 (31.9) 0.001
CAT total score' 5.0+ 4.2 3.9 £3.1 6.0+4.8 <0.001
Visit 2
MRC dyspnoea grade* 1.2+0.4 1.2+0.4 1.3+0.5 0.019
median (Q1, Q3) 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1.0, 2.0) 0.019
MRC1, n (%) 257 (76.7) 141 (82.0) 116 (71.2) 0.019
MRC2, n (%) 78 (23.3) 31(18.0) 47 (28.8) 0.019
CAT total score* 4.44+3.9 3.8+3.3 5.1+4.4 0.004
Six-minute walk test results
Best 6MWD, m 541.5 +£98.3 571.8 £93.4 509.5 +93.3 <0.001
Post SpO, (%) 96.5+2.3 96.4+ 2.1 96.5+2.5 0.262
6MWD test 1, m 528.0 + 94.5 556.9 + 90.9 497.4 + 88.8 <0.001
6MWD test 2, m 537.7 £ 100.0 568.8 +94.3 504.9 +95.4 <0.001
A6MWD 1 and 2 (m) (test2-test1)’ 9.8+122.2 11.9+21.2 7.5+23.1 0.032
6MWORK, kg.m? 41,347 £ 11,178 46,977 + 9790 35,407 + 9343 <0.001

Data are presented as mean =+ SD unless otherwise specified.
" Assessed during CanCOLD visit 2.
f Assessed during CanCOLD visit 1.

* Measured during post-bronchodilator spirometry.
~ Specifics on age distribution are presented in online table 1a; BMI: Body Mass Index; FEV:: Forced Expiratory Volume in the 1st second;
FVC: Forced Vital Capacity; TLC: Total Lung Capacity; IC: Inspiratory Capacity; RV: Residual Volume; D CO: Diffusion Capacity of the lungs
for Carbon Monoxide; MRC: Medical Research Council dyspnoea scale; CAT: COPD Assessment Test; CPET: Cardiopulmonary Exercise Test;
V' 0, peak: Peak oxygen consumption; Please see Online Tables 6 and 7 for more details on comorbidities and medication use, and Online

Table 2 for more details on the PFT.

¥ No significant differences in pre-test SpO2 between test 1 and test 2.
¥ Values based on best 6MWD; SpO,: transcutaneous oxygen saturation; Results presented per decade of age are presented in Online

Table 1b.
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from one cone to another. During the test, standard encour-
agement was given each minute. SpO, was measured before,
during and after the 6MWT (Masimo Pulse Oximeter, Masimo
Corporations, California, USA). A second 6MWT was per-
formed 15 min after the first. 6MWD was recorded after
each 6MWT. The best 6MWD was used for analysis. Any
adverse events that occurred were recorded (Online supple-
ment Table 6).

6MWORK (kg.m) was calculated as the product of the
best 6MWD in metres and body mass in kilograms. Body
mass was measured using a digital scale or balance beam
after participants emptied their bladder and removed
their shoes, hat, coat, and/or heavy items from inside
their pockets.

Peak rate of oxygen consumption

Breath-by-breath measurements of V'O, averaged over the
last 30-sec of loaded pedalling during the CPET were used
to define V’O,peak. A full description of the CPET protocol
used in CanCOLD has been previously described. >

Statistical analyses

Data distribution was assessed with the Shapiro-Wilke test.
Between-group differences were assessed using Chi-square
or Fisher-exact tests for categorical variables, and T-tests
or Mann Whitney U tests as appropriate for continuous
variables.

The cut-off value for PY was determined by a univariate
regression analysis between different categories of PY. An
additional sensitivity analysis was performed to determine
the effect of a lower cut-off value for PY on the results of
the univariate regression analyses.

To derive reference equations, univariate regression
analyses and multivariate stepwise regression analyses were
performed after confirming all assumptions were met. Age,
height and body mass (as applicable) were used as predictor
variables and 6MWD and 6MWORK as outcome variables. All
predictors were included in the final model based on their
magnitude (B), significance and physiological impact (r?) on
the outcomes.'” Separate reference equations were created
for males and females.

For each reference equation, the root mean square error
(RMSE or standard deviation of the residuals) was calculated
and used as an indicator of the data around the regression
line. In order to assess the difference between observed and
predicted data, the mean absolute error (MAE) was calcu-
lated. The lower limit of normal or 5th percentile (LLN),
estimated as the predicted value minus 1.645 multiplied by
the RMSE, was calculated to determine below which value
the outcomes are regarded as being abnormally low. A Pear-
son correlation coefficient was calculated to assess the asso-
ciation between predicted and measured values. Finally, a
comparison between existing”*' and our new 6MWD refer-
ence equations was made by calculating reference values
for all included reference equations using the characteristics
from the CanCOLD participants used in our analyses. A pri-
ori, the level of significance was set at p<0.05. Statistical
analyses were performed using SAS 9.4 (SAS institute, Cary,
NC, USA).
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Results
Participant characteristics

1019 participants were screened for eligibility for the current
analyses. A total of 335 participants (51% male, age:
68.0 & 9.1 years) were included. Participants’ general charac-
teristics are presented in Table 1 and Online Tables 6 and 7.
On average, participants were overweight (body mass index:
27.0 + 4.5 kg/m?), and had a V’O,peak (95+21%-predicted)
and PFT outcomes within normal predicted limits (FEV¢: 101+
15%-predicted; FVC 105+15%-predicted; FEV{/FVC: 74+6%;
TLC: 105+14%-predicted; and D CO: 98+20%-predicted). On
average, participants reported 4.7 + 8.5 PY. Participant were
similar to the general Canadian population >40 years with
regards to body mass and height (Mean body mass: Canadian
population: 86.5 kg (men), 73.7 kg (women)*? vs included par-
ticipants: 82.4 kg (men), 69.5 kg (women); mean height:
Canadian population: 174.4 cm (men), 161.2 cm (women)*’ vs
included participants 174.3 cm (men), 160.7 cm (women)).
Self-reported health conditions were present in ~95% of the
participants. A full description of the participant’s self-
reported health conditions and medication use is described in
Online Tables 7 and 8.

6MWT outcomes

On average, 6MWD and 6MWORK were 541+98 m and
41.3 £+ 11.2 kg.m, respectively. All outcomes were signifi-
cantly greater in males than females (Table 1).

Reference equations

The univariate regression analysis showed significant asso-
ciations between age, sex and height versus each of 6MWD
and 6MWORK (Online Table 9). The association between
body mass and 6MWD was not statistically significant. In the
multivariate regression analysis, all predictor variables
were significant (Table 2). The derived sex-specific refer-
ence equations are listed below: Reference equations for
males:

- 6MWD (m) =489.22—4.33"ages+3.19*height.,-2.18*body
mass yg
- 6MWORK (kg.m) =—32,501.0—384.40*age,+605.84*heightm

Reference equations for females:

- 6MWD (m) =498.06—4.80%age, s+2.64*height m-1.24*body
Mass kg
- 6MWORK (kg.m) =7207.57—460.55%age,s+370.41*height

Even though it is recommended to perform two 6MWT’s,"*
in clinical practice it may not be possible to perform two
6MWT’s and subsequently use the best of the two tests as
the final outcome measure. This is why the results of the
regression analysis and reference equations based on the
first 6MWT are included in the online supplement (Online
Table 5).

The online supplement also contains a spreadsheet to cal-
culate predicted values.
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Table 2 Multivariate stepwise regression analyses.

Male (n=172)
Parameters (95% Cl) Cumulative r? Partial r? p-value
6MWD, m
Intercept 489.22 (95.57, 882.86) - - 0.015
Age, year —4.33 (-5.76, —2.90) 0.177 0.177 <0.001
Height, cm 3.19 (0.94, 5.45) 0.212 0.035 0.006
Body mass, kg —2.18 (-3.35, —1.00) 0.245 0.033 0.009
RMSE=81.92 m; MAE=62.38 m; LLN: —134.76 m
6MWORK, kg.m
Intercept —32,501.00 (—70,050.00, — - 0.089
5046.97)

Age, year —384.40 (—523.20, —245.60) 0.116 0.116 <0.001
Height, cm 605.84 (410.56, 801.12) 0.347 0.231 <0.001
RMSE=7959.10 kg.m; MAE=6301.44 kg.m; LLN: —13,092.72 kg.m

Female n =163)

Parameters (95%Cl) Cumulative r? Partial r? p-value
6MWD, m
Intercept 498.06 (138.43, 857.69) - - 0.007
Age, year —4.80 (—6.21, —3.39) 0.229 0.229 <0.001
Height, cm 2.64 (0.59, 4.69) 0.258 0.029 0.012
Body mass, kg —1.24 (-2.17, —-0.32) 0.280 0.022 0.034

RMSE=79.91 m; MAE=61.05 m; LLN: —131.45m
6MWORK, kg.m
Intercept 7207.57 (—27,110.00, 41,525) - - 0.679
Age, year —460.55 (—591.75, —329.36) 0.281 0.281 <0.001
Height, cm 370.41 (178.54, 562.27) 0.34 0.06 <0.001

RMSE=7207.57 kg.m; MAE=5960.95 kg.m; LLN: —11,845.45 kg.m

6MWD: Six-minute walking distance; 6MWORK: six-minute walk work; RMSE: Root Mean Square Error; MAE: Mean Absolute Error; LLN:

Lower Limit of Normal.

The explained variance (cumulative r?) of the multiple
regression model ranged from 0.24 to 0.35. Pearson correla-
tions (r, presented in Fig. 2) between predicted and
observed values for 6MWD and 6MWORK varied between
0.495 and 0.589 and were all statistically significant
(p<0.001). Bland Altman plots of observed and predicted
values are presented in Online Fig. 1.

Fig. 3 shows the predicted 6MWD based of the newly
derived 6MWD reference equations, both based on the best
test and based on the first test, compared to results from
other reference equations,?*? using data from the CanCOLD
dataset (n = 346). The line representing the CanCOLD pre-
dicted 6MWDs is within the range of the lines generated
from the other prediction equations.?**' Compared to
Enright et al.>" and Enright & Sherrill,*° the newly developed
equation’s predicted 6MWD values are consistently higher
except for the youngest males in the sample. In contrast,
the newly developed equation’s predicted 6MWD values are
consistently lower than those predicted using the equations
of Troosters et al.,?° Hill et al.,?> Gibbons et al.?® and Jen-
kins.?® The equations of Chetta et al.?” are mostly below the
newly derived predicted 6MWD, but both lines presenting
the predicted 6MWDs cross each other in the older partici-
pants. The reference values based on Cazzoletti et al.>? are
very close to the CanCOLD reference values for both gen-
ders, especially in the men aged 75 years or older and
women aged 75 years or younger, while the equations of
Beekman et al.?* show a different pattern for males and
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females. Whereas the line of the predicted values for
females is consistently close to the line of the newly derived
predicted values, the predicted 6MWD for males crosses the
line of the CanCOLD derived predicted 6MWD around the age
of 70 years. Younger participants have higher predicted val-
ues and older participants have lower predicted values com-
pared to the CanCOLD reference values.

Discussion

This is the first study to generate prediction equations for
6MWD and 6MWORK on a 20 m course for Caucasian males
and females separately, based on 6MWT results from a popu-
lation-based cohort of people aged >40 years with normal
pulmonary function and exercise capacity determined by a
symptom limited incremental CPET. In addition, we have
established the first reference equations for 6MWORK.
6MWORK has shown its value in different patient
populations.?"?%“° For example, in people with COPD,
6MWORK was identified as a predictor of hospitalization®’
and was better correlated to D,CO than 6MWD. Further-
more, 6MWORK has demonstrated a high relationship to V’0,
and peak O, pulse in people with pulmonary vascular dis-
ease. The use of prediction equations for 6BMWORK may help
healthcare providers better interpret the results of an indi-
vidual’s 6MWT and also improve implementation of this out-
come variable into clinical practice.
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Fig. 2 Correlation between predicted and actual six-minute walk distance (6MWD; Panels A&B) and six-minute walk work

(6MWORK; Panels C&D).

Our newly derived references equations were generated
using data from a well characterised and relatively large
random sample of males and females aged >40 years that
completed two 6MWTs according to ATS guidelines, with the
exception of the recommended course length.'* The 20 m
course length was chosen to standardize the test across all
sites, since some study sites were unable to use a 30 m
course length due to limited space. Comparing the different
available reference equations for 6MWD to our newly
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derived reference equation is difficult, since a combination
of factors could explain the differences (e.g., different
course lengths, protocols, populations and sample sizes).
However, the predicted 6MWD based on the commonly used
reference equation of Enright and Sherrill*° is below the pre-
dicted 6MWD value calculated using the best-test CanCOLD-
based reference equations, across all ages. This difference
may in part be due to the fact that participants in Enright
and Sherrill’s*° study only performed one 6MWT, since it is
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Comparison of newly derived reference equations for six-minute walk distance (6MWD) to existing reference equations.
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well known that a learning effect exists for the 6MWT and
therefore multiple tests are recommended to adequately
assess an individual’s functional exercise performance.’”
This is also demonstrated by the fact that the first-test Can-
COLD based reference equations approach and partly over-
lap Enright and Sherril’s values. However, since the size of
this learning effect is variable across different studies*'**
and factors influencing the learning effect are still unclear,
more studies are needed to assess the reproducibility of the
6MWT.

A lower predicted 6MWD value leads to a higher percent-
age of predicted 6MWD when interpreting 6MWT results. Par-
ticipants with a 6MWD that equals, for example, 70% of the
predicted value based on the newly derived reference equa-
tions, will have a substantially higher percentage of pre-
dicted value based on Enright and Sherrill’s equations.*’
Overestimation of physical capacity might lead to a misin-
terpretation of the influence that a chronic health condition
has on an individual’s physical capacity.

In contrast, the 6MWD values predicted using the refer-
ence equation of Troosters et al.,?’ which is also commonly
used, were greater than those predicted using the CanCOLD-
derived reference equations across all ages. This may be due
to the longer course length of 45 m, smaller sample size
(n = 51) and/or influence of selection bias in Troosters and
colleagues’ study,”’ since no random sampling was used.

The explained variance of the newly derived reference
equations ranged from 24 to 35%. These values fall within
the previously reported explained variances for 6MWD refer-
ence equations (r? range: 0.20—0.66)>*>" (Online Table 10).
Even though the explained variance is modest, using refer-
ence equations that correct for factors that are known to
affect the 6MWT (e.g., sex, height, weight and age) to cal-
culate predicted values provides more valuable insights into
the exercise capacity than only using the absolute outcome
measures.

The correlation coefficients between the observed and
predicted values of 6MWD and 6MWORK (Pearson’s r: 0.495
to 0.589) demonstrate that the reference equations are a
moderate fit with the observed data. The LLN-values indi-
cate that males or females with a 6MWD >134 m or >130 m
below the predicted reference value should be identified as
having abnormally low exercise capacity, respectively.

Strengths and limitations

A clear strength of this study is the comprehensive assessment
performed on CanCOLD participants, which provided us with a
unique opportunity to identify a subset of adults with normal
pulmonary function, normal self-reported health status, nor-
mal breathlessness, and V’O,peak on symptom limited incre-
mental cycle CPET within normal predicted limits, where
CPET is widely considered the gold-standard method of
assessing exercise capacity.“® Next to this, care was taken in
determining a valid cut-off value of <30 PY as inclusion crite-
rion. Next to the univariate regression analysis assessing the
effect of different categories of PY (Online Table 3), an addi-
tional sensitivity analysis was performed in which the multi-
variate stepwise regression analysis was repeated with data
from participants with <5 PY. This analysis resulted in similar
point estimates, indicating that the seemingly high cut-off
value of >30 PY is valid (Online Table 4). Using these selection
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criteria instead of selecting participants based on the com-
plete absence of comorbidities, has led to a unique and repre-
sentative sample of the Canadian population of adults, aged
>40 years. Since many Canadians suffer from comorbidities,*’
the prediction equations developed in the current study are
likely more relevant for use by healthcare providers in clinical
practice.

The 6MWD is susceptible to a learning effect, which
reaches a plateau after performing two tests within one
week.'* All participants included in our analyses performed
two 6MWTs in order to decrease the likelihood of a learning
effect and ensure optimal performance.

While interpreting the results, some limitations need to be
considered. All 6MWTs were performed on a 20 m course,
whereas the ATS guidelines for the 6MWT recommend a 30 m
course length.'* Several studies have investigated the effect
of course length on 6MWD and the results are inconclusive.
Significantly higher distances in 30 m courses compared to
20 m courses were found in healthy adults,*® patients with
COPD***° and individuals with stroke.”" In addition, Beekman
et al.>? found a significant effect of a 10 m versus 30 m course
length on 6MWD. In contrast, Veloso-Guedes et al.”* and
Sciurba et al.*” found no significant effect of course length on
6MWD in patients with liver cirrhosis and patients with COPD,
respectively. In addition, the European Respiratory Society/
ATS technical standard report for field walking tests in people
with chronic respiratory disease'® indicated that for course
lengths >15 m, differences in 6MWD may be small enough
such that 6MWTs performed on courses of different lengths
can still be used for risk stratification. However, based on the
above-mentioned studies it is recommended to use course
length-specific reference equations.

Even though all participants included in our analyses had
a V'O,peak on symptom limited incremental cycle CPET
within normal predicted limits, it is nevertheless possible
that comorbidities or other factors (e.g., intermittent clau-
dication (reported by one participant), motivation or
weather conditions) may have led to a suboptimal perfor-
mance during the 6MWT despite V’O,peak being within nor-
mal predicted limits.

The CPET and 6MWTs were performed 18 months apart,
during which time the health status and functional capacity
of our participants might have changed. However, we miti-
gated the risk of clinically meaningful changes in physical
capacity by including only participants with normal self-
reported ratings of respiratory health status and activity-
related breathlessness at both CanCOLD Visits 1 and 2.

Although the sample is representative of the Canadian
population aged >40 years, the majority of participants was
50—-80 years old (86%). Reference values may be less accu-
rate for adults <50 and >80 years old. ">

Conclusions

This study established new reference values and prediction
equations for 6MWD and 6MWORK on a 20 m course in Cauca-
sian males and females aged >40 years with normal pulmo-
nary function and V’O,peak within normal predicted limits.
These newly derived reference equations have the potential
to add value to the assessment of functional capacity in clin-
ical practice. Further research is needed for external
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validation in other cohorts and to confirm the utility of these
equations in clinical practice.
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