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Abstract

Background:  Functional  capacity  assessment  is important  in  patients  with  chronic  obstructive

pulmonary  disease  (COPD).  It  can  be  performed  by  the  six-minute  walk  test  (6MWT)  on  a  30-

meter track.  However,  such  space  is not  always  available  in  clinical  settings.

Objectives:  To  compare  the  performance  between  the  6MWT  on a  30-  (6MWT30) and  20-meter

(6MWT20) track;  to  evaluate  the  validity  and  reliability  of  the  6MWT30 and  the  6MWT20;  and  to

determine for  which  patients  track  length  has  the  greatest  impact  on performance.

Methods:  Patients  with  COPD  randomly  performed  two  6MWT30 and  two  6MWT20 on  two  differ-

ent days and  were  also  assessed  using  the COPD  Assessment  Test  (CAT)  and  modified  Medical

Research Council  (mMRC)  scale.

Results:  Thirty  patients  (23  men;  mean  ± standard  deviation  FEV1%pred:  45.6  ± 12.1)  partici-

pated  in the  study.  They  walked  a  greater  distance  on the  6MWT30 than  on the  6MWT20 [mean

difference: 22.1  m  (95%  CI:  12,  32  m)].  The  longer  the  6MWT30 distance,  the  greater  the  differ-

ence between  the  2 tests  (r  =  0.51;  p  = 0.004).  The  6MWT20 showed  high  reliability  [ICC:  0.96

(95% CI:  0.77,  0.99)]  and the results  were  associated  with  the  distance  walked  on the  6MWT30

(r  =  0.86),  CAT  (r  = −0.53),  and  mMRC  (r = −0.62). Patients  who  walked  ≥430  m in the  6MWT30

presented  a  difference  between  the  tests  greater  than  those  who  walked  <430  m  (34.5  ±  23.3  m

vs. 12.6  ±  24.1  m;  respectively;  p  = 0.01).
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Conclusions:  Performance  was  higher  on the  6MWT30,  with  the  difference  increasing  as  perfor-

mance improved.  Therefore,  the 6MWT20 is valid  and  reliable  to  evaluate  functional  capacity

but should  not  be  considered  interchangeable  with  the  6MWT30, especially  for  the  less  disabled

patients  with  COPD.

© 2021  Associação  Brasileira  de Pesquisa  e Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier

Editora Ltda.  All  rights  reserved.

Introduction

Patients  with  chronic  obstructive  pulmonary  disease  (COPD)
often  show  impaired  ability  to  perform  activities  of  daily  liv-
ing  (ADL),1 which  results  in,  exacerbations,  hospitalizations,
and  potentially  death.2 Therefore,  functional  evaluation
is  essential  in  routine  clinical  practice,3 especially  in
pulmonary  rehabilitation  (PR).4 The  six-minute  walk  test
(6MWT)2 is  widely  used to  measure  functional  capacity,  as
it is  a  simple  and inexpensive  tool  and  objectively  reflects
ADL  of  individuals  with  COPD.2 The  American  Thoracic
Society  and  the European  Respiratory  Society  (ATS/ERS)2

provide  standardized  guidelines  for  the performance  of
the  6MWT  on a  30-m  track  (6MWT30).  However,  a  30-
meter  track  is  not  always  available  in clinical  settings,  with
often  used  shorter tracks  requiring  a  greater  number  of
deceleration/acceleration  phases  when  changing  direction,
potentially  affecting  performance.5

Conducting  the  6MWT  on  a  10-meter  track,  showed
high  test-retest  reliability  (ICC = 0.98)  and  performance  was
strongly  correlated  with  those  on  the  6MWT30 (r = 0.96;
p  <  0.01).5 However,  the use  of  the  shorter  track  caused
a  clinically  relevant  reduction  in 6MWT  performance.  In
children,6 healthy  older  adults,7 and  individuals  with  hep-
atic  cirrhosis8 and  stroke,9 the performance  on  the 6MWT
conducted  on  a  20-meter  track  (6MWT20)  resulted  in  a  dif-
ference  of  less  than  10%.  Therefore,  the  6MWT20 may  be an
alternative,  easier  to  conduct  clinically,  for patients  with
COPD.  Because  performance  on  the 6MWT30 is related  to
several  important  outcomes,  such  as  hospitalizations  and
mortality,  and  is  a  component  of the  BODE  index,10 which
reflects  the  COPD  prognosis,  alternative  convenient  testing
distances  are  important  to  determine.  However,  the  impact
of  performing  the 6MWT  on  a  20  versus  a  30  m  track,  in  indi-
viduals  with  COPD  of various  severity  and disability  level,  is
unknown.

The  objectives  of  this study,  conducted  on  individuals
with  COPD,  were: 1) to  compare  performance  between  the
6MWT30 and  the 6MWT20; 2) to  determine  validity  and  relia-
bility  of  the  6MWT30 and  the 6MWT20;  and  3) to  determine  if
the  impact  of a  shorter  track  is  consistent  across  all  levels
of  performance  on  the 6MWT30.

Methods

Patients  referred  to  the Nucleus  for  Assistance,  Educa-
tion  and Research  on  Pulmonary  Rehabilitation  (NuReab)
of  Universidade  de Santa  Catarina  (UDESC)  participated  in
this  study.  The  inclusion  criteria  were:  diagnosis of  COPD
(GOLD  2---4)11;  clinically  stable  status  over  the previous  four
weeks;  age  between  40  and  80 years;  and optimized  disease-
targeted  medical  therapy  (the  use  of  medication  prescribed
by  the pulmonologist  for  at least one  month).  The  exclu-
sion  criteria  were:  other  respiratory  diseases  or  disabling
health  conditions;  use  of  home  oxygen  therapy;  hospital-
ization  in the previous  12  weeks;  participation  in PR  in the
previous  six  months;  inability  to perform  any  of the study
evaluations;  grade  III  obesity,12 smoking  cessation  in the
previous  six months;  and  suspicion  of  COPD  exacerbation
during  the  protocol.  The  study  protocol  was  approved  by  the
Human  Research  Ethics  Committee  of  the  Universidade  do
Estado  de  Santa  Catarina  UDESC,  Florianópolis,  Santa  Cata-
rina,  Brazil  CAAE:  62638716.0.0000.0118.  All participants
signed  an Informed  Consent  Document.

Procedures

Data  were  collected  from  August  2016  to  March  2018.
The  protocol  consisted  of  three  testing  sessions  performed
on  separate  days  with  a  maximum  interval  of seven  days
between  the  first  and  last evaluation.  On the first  day,
whole-body  plethysmography  was  performed  and  the COPD
Assessment  Test  (CAT)  questionnaire  and  the  modified  Medi-
cal  Research  Council (mMRC)  and the London  Chest  Activity
of  Daily  Living  (LCADL)  scales  were  also  administered  to
investigate  convergent  validity  of the 6MWT20.  On the sec-
ond  day,  based  on  randomization  (Microsoft  Excel®), two
6MWT30 or 6MWT20 trials  were  performed  to  establish  test-
retest  reliability.  On the third day,  the  same procedure  was
followed,  but  using the  other  track  distance  to  perform  the
6MWT.

The  MasterScreen  Body  plethysmograph  (Erich  Jaeger®,
Friedberg,  Germany)  was  used  to  assess  pulmonary  function
according  to  the ATS/ERS  criteria.13,14 The  predicted  values
for  the Brazilian  population  were  used.15
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The  CAT  total  score  was  used  to  assess  the impact  of
COPD  on  the  patients’  health.16 The  patients’  scores  on
the  mMRC17 scale  were used to  measure  dyspnea.  Dyspnea-
related  limitation  on  ADL  was  based  on  the percentage  score
on the  LCADL  (LCADL%total).

18,19

The  six-minute  walk  test  (6MWT)

The 6MWT  was  performed  according  to  the  ATS/ERS,2 and
always  conducted  by  the  same  two  raters  not  blinded  to  the
6MWT  version.  One  rater  provided  instructions  and  the  other
monitored  heart  rate  (HR),  pulse  oxygen  saturation  (SpO2),
and  dyspnea.  Two  tests  were  performed  on  the  same  day and
a  minimum  interval  of  30 min  was  allowed  between  them or
until  the  physiological  and  symptoms  variables  returned  to
baseline  levels.2 The  predicted  values  for  the  Brazilian  popu-
lation  were  calculated.20 The  data  are presented  as  follows:
first  test  (test),  second  test  (retest),  and ‘‘best  test’’  which
was  the  best  of  the two  trials.  The  data  for both  tests  were
used  to establish  test-retest  reliability  and  the  ‘‘best  test’’
was  used  for  all  other  data  analyses.  Based  on  the  previously
established  minimal  important  difference  (MID)  of 30  meters
for the  6MWT30

21 patients  were  classified  into  two  groups
(difference  <30 meters  and  ≥30  meters) based  on  the dif-
ference  between  ‘‘best  test’’  performance  for  the 6MWT30

and 6MWT20.
During  the  6MWT,  the  patients  wore  a triaxial  accelerom-

eter  (Dynaport  Move  Monitor  -  McRoberts  BV®,  The
Netherlands)  positioned  at  waist  height  and  aligned  with
the  spine.  The  accelerometer  and  the  band  to  secure  it in
place  (total  weight  of  375 g)  was  used  to  assess  intensity  of
movement  (IM),  number  of  steps,  and  energy  expenditure
(EE).

Data  analysis

The  data  were  analyzed  using  the IBM  Statistical  Package  for
Social  Sciences  version  20.0  (IBM®,  Armonk,  United  States
of  America).  The  distribution  of  data  was  assessed  using  the
Shapiro-Wilk  test. The  significance  level was  set  at 5%.

Comparison  of performance  in  6MWT30 and
6MWT20

Paired  Student’s  t-tests  or  Wilcoxon  tests  were  used to com-
pare  the  results  for  each  variable  between  the 6MWT30 and
6MWT20 and also  the 2  trials  for  each track. The  Pearson
or  Spearman  coefficients  were used  to  determine  the level
of  association  between  the  difference  in distance  walked
between  tracks  (6MWT30---6MWT20)  and  the best distance
walked  for  the 6MWT30. The  strength  of  the  correlations
was  classified  as:  weak  (r ≥  0.3  to  0.49),  moderate  (r  ≥  0.50
to  0.69),  strong  (r  ≥  0.70  to  0.99),  and perfect  (r  =  1).22 The
independent  Student’s  t-test or  Mann-Whitney  U test  was
used  to  compare  outcomes  between  those  with  <30meters
and those  with  ≥30meters  difference  between  performance
on  the  6MWT30 and  6MWT20.

Discriminating  patients  with  clinical  impact on
performance

A receiver  operating  characteristic  (ROC)  curve  was  used
to  identify  a cutoff  point  for  the 6MWT30 to discriminate
patients  whose  difference  of  the distance  walked  between
the  6MWT30 and  the 6MWT20 was  above  the  MID.2

Validity  and  reliability  of 6MWT30 and  6MWT20

The  Pearson  or  Spearman  coefficients  were  used  to  test:
concurrent  validity  (with  the 6MWT30)  and  convergent  valid-
ity  of the  6MWT20 (with the  results  on  the CAT, LCADL,
mMRC,  and  pulmonary  function);  and  correlation  between
variables  of  the 6MWT30 and  6MWT20. The  reproducibility  of
performance  in the 6MWT30 and  the 6MWT20 was  assessed
using  intraclass  correlation  coefficients  (ICC)  and  was  clas-
sified  as:  low  (ICC  < 0.40),  moderate  (ICC  ≥  0.40  to  0.75),
and  high  (ICC  >  0.75).22 Bland-Altman  plots  were  used  to
verify  agreement  of performance  between  the 6MWT30 and
the  6MWT20, as well  as  between  test-retest  for each  track
length.  The  standard  error  of  measurement  [SEM  =  SDx

√
(1-

ICC)],  where  SD  is  the standard  deviation  of  the  first  test,
and  the  minimum  detectable  change  (MDC  =  1.96x

√
2.SEM)23

were  calculated.

Table  1 Descriptive  data  for  the patient  in the study.

Variables  N  Total

Age,  years 30  66  ± 8

Sex F/M,  n 30  7/23

Weight,  kg 30  72.2  ± 14.2

Height,  m  30  1.67  ± 0.09

BMI,  kg/m2 30  25.8  ± 4.30

Smoking  history,  pack-years  30  65.7  ± 43.8

FEV1/FVC  30  0.44  ± 0.09

FEV1,  L  30  1.39  ± 0.42

FEV1,  %pred  30  45.6  ± 12.1

FVC,  L  30  3.20  ± 0.86

FVC,  %pred  30  81.7  ± 15.5

TLC,  L  29  7.24  ± 1.90

TLC,  %pred  29  119  ± 23.5

RV/TLC, %  29  51.7  ± 9.71

RV/TLC,  %pred  29  145  ± 26.7

CAT, total  30  14  ± 7

LCADL%total  30  29.8  ± 9.34

mMRC,  escore*  30  1 [0---4]

GOLD 2/3/4,  n  30  10/16/4

GOLD A/B/C/D,  n  30  13/6/3/8

Data presented as mean ± standard deviation; BMI: Body Mass
Index; FEV1: forced expiratory volume in first second; FVC:
forced vital capacity; TLC: total lung capacity; RV: residual
volume; CAT: COPD Assessment Test; mMRC: modified Medical
Research Council; LCADL: London Chest Activity of Daily Living;
*data presented as median[minimum --- maximum]; GOLD: global
initiative for chronic obstructive lung disease.
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Sample  size

The  sample  size  was  calculated  with  GPower  software  ver-
sion  3.1,  using  Student’s  t-tests  with  a  power  of  80%,  a
bidirectional  � of  0.05,  and the mean  difference  and stan-
dard  deviation  of  the distance  walked  between  the 6MWT30

and  the  6MWT20 found  in the pilot  study  prior  to  this  study
with  seven  patients  (9 ±  17.7  m).  Using  this information,  30
patients  were  estimated  to  be  required  for  the study.

Results

Of  33  potentially  eligible  patients,  30  completed  the  pro-
tocol  (Table  1).  One  patient  was  excluded  due  to  grade  III
obesity,12 one  patient  due  to  smoking  during the  protocol;
and  one  patient  dropped  out.  Data  related  to  IM,  number  of
steps,  and  EE  during  the 6MWT  were  not  obtained  for  four
patients.

Validity  and  reliability  of 6MWT30 and  6MWT20

The  distance  walked,  IM,  number  of  steps,  and  EE  showed
strong  correlation  between  the  best  6MWT30 and  6MWT20

(r  = 0.86,  p  <  0.001;  r  =  0.92,  p <  0.001;  r = 0.92,  p < 0.001;
r  = 0.94,  p < 0.001,  respectively).  The  distances  walked  in
the 6MWT30 and  the 6MWT20 negatively  correlated  with
CAT  (r  =  −0.48,  p  =  0.01;  r  = −0.53, p  =  0.003;  respectively)
and  with  mMRC  (r  =  −0.53,  p = 0.002;  r  = −0.62;  p < 0.001;
respectively)  results.  The  LCADL%total showed  a  tendency  to
correlate  with  the performance  on  the  6MWT20 (r  = −0.33;
p  =  0.07)  and  did  not  show  any  correlations  with  the  6MWT30

(p = 0.29).  The  distances  walked  in the  6MWT30 and  6MWT20

did  not  correlate  with  the pulmonary  function  variables
(p > 0.05).

There  was  high  reproducibility  of  the  distance  covered
between  test-retest  for  the  6MWT20 (ICC  =  0.99;  95%  CI  0.98,
0.99)  and  6MWT30 (ICC  = 0.98;  95%  CI  0.95,  0.99).  There
was  high  reproducibility  of  the results  on  the heart  rate
between  test-retest  for  the  6MWT20 ICC  of  0.77  (95%  CI  0.49,
0.89;  p < 0.05)  and  6MWT30 ICC  of 0.92  (95%  CI 0.83,  0.96;
p  <  0.05).  There  was  no  difference  between  the test-retest
(6MWT30 and  6MWT20) for  any  of the cardiovascular  variables
(p > 0.05)  (Table 2).  The  SEM of  6MWT30 and  6MWT20 were
16.3  vs.  19.4  m and  the MDC  was  45.2  vs.  53.8  m,  respec-
tively.  In both 6MWT20 and  6MWT30,  the patients  increased
performance  in the retest (Table  2).  The  learning  effect  in
the  6MWT20 and  6MWT30 did  not  differ (1.63%  vs.  2.70%,
respectively;  p = 0.29).  Bland-Altman  plots confirmed  that
most  patients  showed  better  performance  in  the retest  in
both 6MWT  (Fig.  1). It  could  be  observed  that  patients  with
better  mean  distance  walked  in the  6MWT30 and 6MWT20 also
presented  greater  difference  between  both tests  (Fig.  1A).

The  patients  presented  difference  between  test-retest
only  for  the  first  day  of  testing,  regardless  of the randomiza-
tion.  When  the 6MWT30 was tested  first,  the  mean  difference
was  20  m  (95%  CI  8.69,  31.3;  p  =  0.004)  for  the  6MWT30 and
−0.08  m  (95%  CI  −14.5,  14.4;  p  =  0.16)  for  the  6MWT20.  When
the  6MWT20 was  tested  first,  the  mean  differences  were
7.33  m  (95%  CI  −11.0,  25.6;  p = 0.18)  for  the 6MWT30 and
11.9  m  (95%  CI  6.61,  17.2;  p =  0.001)  for  the  6MWT20.

Fig. 1  Bland-Altman  plot  of walking  distances  in  meters  (m):

(A) of  the  best  6MWT  on tracks  of  30  m  (6MWT30)  and  of 20  m

(6MWT20); (B)  test-retest  of  6MWT20;  (C)  test-retest  of  6MWT30.

The  central  continuous  line  represents  the  mean  difference

between  two  6MWT,  and  the  upper  and  lower  dotted  lines  rep-

resent the  upper  limits  (UL) and  lower  limits  (LL)  of agreement.

The  dashed  lines  represent  the  minimum  important  difference

(MID)  of  30  m  for  the  6MWT.  (A)  LL:  -24.8;  UL:  72.7;  mean:  22.1;

(B) LL:  −26.7;  UL:  40.9;  mean:  7.10;  (C)  LL:  −48.1;  UL: 72.9;

mean: 12.4.

Comparison  of  performance  in  6MWT30 and
6MWT20

Eighteen  patients  (60%)  performed  the  6MWT20 first.  All
patients  showed  the  same  baseline  values  prior  to the
6MWT30 and  the 6MWT20 (p > 0.05).  The  distance  walked  and
IM  were,  on  average,  22.1  m (95%  CI:  12,  32  m)  and  0.15  m/s2

(95%  CI:  −0.007,  0.31  m/s2)  higher  for  the 6MWT30 than the
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Table  2  Physiological  and  performance  variables  for  the  six  minute  walk  test.

6MWT30 6MWT20

Test  Retest  ICC(95%  CI) Best  test  Test  Retest  ICC(95%  CI) Best  test

�  HR,  bpm  28.5  ±  14.8  29.4  ±  14.3  0.92  (0.83,  0.96)§ 30.7  ±  15.2  23.4  ±  16.2  29.4  ± 14.3  0.77  (0.49,  0.89) § 27.3  ± 11.25

� SpO2 −5.53  ±  4.61  −6.17  ± 5.38  0.90  (0.78,  0.95) § −6.20  ±  5.03  −5.13  ± 4.84  −6.17  ± 5.38  0.76  (0.51,  0.89) § −6.40  ±  5.84

� dyspnea*  2  [0---8]  2  [0---6]  0.95  (0.90,  0.98) § 2  [0---8]  2  [0---6.5]  2 [0---6]  0.87  (0.72,  0.94) § 1 [0---6.5]

� fatigue*  0  [0---5]  0  [0---4]  0.88  (0.74,  0.94) § 0  [0---4]  0  [0---3]  0 [0---4]  0.80  (0.58,  0.91) § 0 [0---3]

� SBP,  mmHg  23.7  ±  22.0  23.3  ±  20.9  0.72  (0.50,  0.89) § 23.1  ±  30.8  23.7  ±  18.8  23.3  ± 20.9  0.81  (0.60,  0.91) § 22.3  ± 16.3

� DBP,  mmHg  1.00  ±  19.0  2.33  ±  7.28  0.22  (-0.68,  0.63)  2.00  ±  7.61  2.67  ±  8.27  2.33  ± 7.28  0.22  (-0.68,  0.63)  3.67  ± 7.18

Distance, m  444  ±  115  456  ± 107† 0.98  (0.95,  0.99) § 462  ± 112 ‡ 429  ±  97  437  ±  103† 0.99  (0.98,  0.99) § 439  ±  101

MI, m/s2 3.36  ±  1.52  3.50  ±  1.68† 0.99  (0.97,  0.99) § 3.59  ±  1.71‡ 3.32  ±  1.50  3.46  ± 1.66† 0.99  (0.97,  0.99) § 3.44  ± 1.55

Steps number  649  ±  110  641  ± 156  0.81  (0.58,  0.92) § 673  ± 104  648  ±  108  641  ±  153  0.81  (0.58,  0.91) § 660  ±  90.2

EE, Kcal  35.8  ±  11.4  36.5  ±  11.6  0.99  (0.97,  0.99) § 36.9  ±  12.1  35.3  ±  11.5  35.9  ± 11.8  0.99  (0.98,  0.99) § 36.4  ± 11.1

Data presented as mean ± standard deviation; 6MWT30:  six minute walk test  in track of  30  m; 6MWT20: six minute walk test in track of  20 m;  ICC: intraclass correlation coefficient; 95%
CI: 95% confidence interval; �: difference; HR: heart rate; SpO2: pulse oxygen saturation; SBP: systolic blood pressure; DBP: diastolic blood pressure; MI: movement intensity; EE: energy
expenditure.*Data presented as median [minimum --- maximum]; †p <  0.05 to test vs. retest; ‡p < 0.05 to best 6MWT30 vs. best 6MWT20; §p  < 0.05 to ICC.
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Fig.  2  Receiver  operating  characteristic  (ROC)  curve  for  the

6MWT  on  tracks  of  30  m  cut-off  point  to  discriminate  the

patients  where  the difference  in  walking  distance  between  the

tracks  of  30  m  and  20  m  was  clinically  relevant,  considering

the minimum  important  difference  of  30  m  for  the  6MWT.  Cut-

off =  430  m;  area  under  the ROC  curve  (AUC)  = 0.75  [95%  CI:  0.57,

0.93];  p  =  0.02;  Sensitivity  = 67%  and  Specificity  = 72%.

6MWT20,  respectively  (p  <  0.05).  The  number  of  steps  tended
to  be,  on  average,  13.6  (95%  CI: −0.70, 27.9) higher  in the
6MWT30 when  compared  to  the 6MWT20 (p =  0.06).  There  was
no  difference  between  the 2  tests  for any  of  the cardiovas-
cular  variables  (p  >  0.05)  (Table  2).

The  distance  walked  in the  best  6MWT30 showed  moder-
ate  correlation  with  the difference  of the  distance  walked
between  the  tests  (6MWT30---6MWT20)  (r = 0.51;  p = 0.004).
Most  patients  (60%)  had a  difference  of <  30  m between  the
6MWT30 and  the  6MWT20. The  distance  walked,  IM, num-
ber  of  steps,  EE,  and  the difference  (posttest---pretest)  in
heart  rate  (HR)  in  the  6MWT  were higher  in the patients
who  walked  a  distance  ≥30  ms  in the 6MWT30 compared  to
the  6MWT20 (Table  3).

Discriminating  patients  with clinical  impact  on
performance

A  ROC  curve  (Fig.  2)  indicated  a  cutoff  point  of  430 m to
discriminate  patients  who  showed  a  difference  of  30  m or
greater  in  the  distance  walked  in the 6MWT30 compared
to  the  6MWT20. The  mean  difference  between  the distance
walked  in the  6MWT30 and 6MWT20 was  greater  in patients
who  walked  ≥430  m  than  in  patients  who  walked  <430  m
(34.5  ±  23.3  m vs. 12.6  ±  24.1  m;  respectively;  mean  differ-
ence  =  22  m; 95%  CI:  3.93,  39.8;  p =  0.01).

Discussion

The  main  results  of this  study  were  that  the 6MWT30 perfor-
mance  was  better than  the 6MWT20 performance,  with  the
difference  increasing  as  performance  improved.  Addition-
ally,  it  was  observed  that  for patients  with  walking  distance

less  than  430 m on  the  6MWT30, using  the  20-meter  track,
may  not lead  to  a  clinically  important  impact  on  the results.

Although  the  6MWT30 is  widely  used and  has  well-
established  criteria,  its  clinical  applicability  is  limited  to
settings  that  are able  to  guarantee  the  measurement  prop-
erties  of  the  test,  as  recommended  by  the  ATS/ERS.5,6,21,24

As expected,  the 6MWT20 performance  was  lower  when  com-
pared  to  the 6MWT30 in the  present  study. In  healthy  older
adults,  the minimum  track  length  required  for  acceleration
varies  from  2.17  to  3.23  m,  and 1.80---1.85  m25 for deceler-
ation.  Therefore,  about  20%  of a 20-meter  track  is  used  for
acceleration  and  deceleration,  while  only 13%  in a  30-meter
track.  This  may  explain  the  difference  found in  performance
between  the  6MWT30 and  the 6MWT20.

Another  point to  be highlighted  is  that  the  cardiovascu-
lar  overload  was  similar  between  the  tests.  This  may  have
occurred  as  the 6MWT  usually  has  a  submaximal  character,
with  stable  oxygen  uptake  beyond  the third  minute.26 There-
fore,  the difference  between  the  tests  may  not  have  been
sufficient  to  cause  a  greater  cardiovascular  overload  in the
6MWT.

Although  the mean  difference  between  the  6MWT30 and
the  6MWT20 in  the  total  sample  was  below  MID,  this dif-
ference  was  clinically  relevant  in  40%  of  the  patients.  The
comparison  of  patients  with  more  and  less  difference  than
the  MID  between  the 6MWT30 and the 6MWT20 showed  that
these patients  did  not  differ  in relation  to  pulmonary  func-
tion,  dyspnea,  health status,  and  perception  of  functional
limitations.  However,  patients  with  6MWT30---6MWT20 ≥MID
achieved  higher  scores  for  distance,  number  of  steps,  IM,
EE,  and  cardiovascular  overload  in the 6MWT30. A corre-
lation  also  showed  that  the greater  the difference  in the
distance  walked  between  the 6MWT30 and  the  6MWT20,  the
longer  was  the distance  walked  on  the  6MWT30. In addition,
in  the  present  study,  a  ROC  curve  analysis  identified  that,
in  patients  who  walked  more  than 430 m,  the shorter length
track  caused  a  clinically  relevant  impact  on  performance.
Therefore,  it is  important  to  highlight  that, especially  in
patients  with  better  functional  capacity,  results  from  the
30-meter  and  20-meter  tracks  may  not be  interchangeable.
Moreover,  it is not possible  to  interpret  the performance  on
the  6MWT20 based  on the cut-off  points  or  reference  values
established  for the  6MWT30.

There  is  a  large  body  of  evidence  demonstrating  valid-
ity and  reliability  of  the 6MWT  conducted  on  the 30-meter
track  in patients  with  COPD.  In  the  current  study,  the  6MWT20

was  also  valid  to  assess  functional  capacity  of patients
with  COPD,  showing  strong  correlations  with  performance  in
the  6MWT30 (r  = 0.86;  p < 0.001).  Furthermore,  the 6MWT20

proved  to  be reliable  and, similar  to  the 6MWT30, demon-
strated  weak  and moderate  correlation  with  CAT  and  mMRC,
reflecting  health  status  and dyspnea,  which are important
outcomes  of  the  disease.  This  demonstrates  that  in case
of  limited  physical  spaces  for  the patients  with  greater
functional  impairment,  the  6MWT20 could  be a valid  and
reliable  option.  Most  patients  increased  the  distance  cov-
ered  in the  retest,  possibly  due  to  the  learning  effect
already  demonstrated  in several  studies.21,27 Bland-Altman
plots  confirmed  the  best retest  performance  of  both  6MWT
and  evidenced  that most  patients  showed  variation  within
the  limits  of agreement,  reinforcing  the reliability  of  the
tests.  In  the  current  study,  the results  of  the learning  effect
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Table  3  Comparison  between  characterization  data  based  on  difference  of  30  ms  or  more  on the  6MWT30.

n  6MWT30-

6MWT20

<30  meters

n  6MWT30-

6MWT20

≥ 30  meters

p

Age,  years  18  68  ± 7 12  64  ±  8 0.27

Weight, kg  18  69.0  ± 14.1  12  76.9  ±  13.5  0.17

Heigth, m 18  1.66  ± 0.09  12  1.68  ±  0.10  0.47

BMI, kg/m2 18 25.0  ± 4.29  12  27.1  ±  4.20  0.72

FEV1/FVC,  L  18  0.43  ± 0.11  12  0.45  ±  0.08  0.44

FEV1, L 18  1.31  ± 0.45  12  1.49  ±  0.33  0.24

FEV1, %pred 18  43.9  ± 11.8 12  48.2  ±  11.7  0.34

FVC, L 18  3.12  ± 0.90 12  3.33  ±  0.82 0.51

FVC, %pred 18  81.1  ± 14.7 12  82.6  ±  17.2 0.80

TLC, L  18  7.35  ± 2.44  11  7.93  ±  1.63  0.32

TLC, %pred  18  123  ±  29.7  11  126  ±  23.8  0.55

RV/TLC, %  18  52.4  ± 11.1  11  50.6  ±  7.29  0.64

RV/TLC, %pred  18  143  ±  29.0  11  147  ±  23.5  0.70

CAT, total  18  15  ± 7 12  13  ±  7 0.39

LCADL, %total  18  29.3  ± 9.58  12  31.5  ±  10.9  0.60

mMRC* 18  1.5[0---4]  12  1.5[0---4]  0.43

� HR,  bpm  18  24.8  ± 7.64  12  39.5  ±  19.4  0.01

�SpO2 18 −5.61  ± 4.78  12  −7.08  ±  5.48  0.52

� dyspnea*  18  0[-1  ---  3] 12  0[-1.5  ---  1.5]  0.75

� fatigue*  18  0[-2  ---  3] 12  0[0  ---  0.5]  0.46

� SBP,  mmHg  18  15.1  ± 34.1  12  35.0  ±  21.1  0.06

� DBP,  mmHg  18  1.67  ± 7.07  12  2.50  ±  8.66  0.92

Distance, m 18 415  ±  63.7  12  530  ±  133  0.02

MI, m/s2 15 2.80  ± 0.68  11  4.42  ±  2.18  0.02

Steps number 15  634  ±  80.9  11  714  ±  115  0.04

EE, Kcal  15  32.3  ± 7.36  11  42.4  ±  14.3  0.04

Data presented as mean ± standard deviation; 6MWT30:  six minute walk test in track of 30 m; 6MWT20: six minute walk test  in track of
20 m; FEV1:  forced expiratory volume in the first second; FVC: forced vital capacity; RV: residual volume; TLC: total lung capacity; CAT:
COPD Assessment Test; LCADL: London Chest Activity of  Daily  Living; mMRCm: modified Medical Research Council; �: delta; HR: heart
rate; SpO2: pulse oxygen saturation; SBP: systolic blood pressure; DBP: diastolic blood pressure; MI: movement intensity; EE: energy
expenditure; *data presented as median[minimum --- maximum].

of  the  6MWT30 differed  from  those  reported  in the  litera-
ture:  Troosters  et al.28 showed  a  learning  effect  of  2.6%,
while  Spencer  et al.29 and Hernandes  et  al.27 reported  a  7%
increase  in  distance  in the retest.  Interestingly,  the present
study  demonstrated  similar  learning  effect  in the 6MWT20

and 6MWT30.  The  small  learning  effect  found  in  the  6MWT30

and  6MWT20 may  have  occurred  because  the protocol  design
in  which  the  patients  performed  four  6MWT.  Besides,  there
was  statistically  difference  between  test-retest  only on  the
first  day.  Since  ‘‘the  effect  of learning’’  is  likely  to  occur
due  to  improved  motor  coordination,  stride  length  adapta-
tion,  decreased  anxiety,  and  recognition  of  the limits of  the
test,9 this  fact  may  allow  the adoption  of  strategies  to  turn
at the  end  of  each  track  more  efficiently  in  the retest  and
this  may  have  occurred  in  both  tests  independently  of  track
length.

This  study  may  present  some  limitations.  Patients  with
use  of long-term  oxygen  were  excluded,  and  thus  the results
cannot  be  extrapolated  to  this  population.  The  small sam-
ple  size  may  have  compromised  the  statistical  power  to  run
the  ROC  curve  analysis.  However,  we  found  an area  under
the  ROC  curve  of  0.75  (95%  CI: 0.57,  0.93),  which  is  con-
sidered  acceptable.30 Another  factor  to be  considered  was

the  failure  to blind  the  major  outcome  assessor.  Neverthe-
less,  special  care  was  taken  to  maintain  the same  assessor
responsible  for  the  verbal  encouragement  and  instructions
to  avoid  different  intonations.

Notably,  to  our  knowledge,  this was  the  first  study  to
compare  the  20-meter  track  with  the track  recommended
by  the  ATS/ERS,  as  well  as  to  demonstrate  validity  and reli-
ability  of  the  6MWT20 for  assessing  functional  capacity  of
patients  with  COPD.  The  results  have  demonstrated  that,
despite  the  lower  performance  when compared  to  the  30-m
track,  the 6MWT20 does  not underestimate  functional  capac-
ity  of  patients  who  walk  shorter  distances.  Therefore,  the
6MWT20 could  be an option  to those  patients  in  settings  in
which  the  performance  of  the 6MWT30 is  not  feasible.

Conclusions

Performance  was  higher  on  the 6MWT30, with  the differ-
ence  between  tracks  increasing  as  performance  improved.
The  20-meter  track  replacing  30-meter  track  may  not  cause
a clinically  important  impact  on the walking  distance  of
patients  with  lower  performance,  but  it may  cause  that
impact  on those  with  better  performance.  Therefore,  the
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6MWT20 is  valid  and  reliable  to  evaluate  functional  capac-
ity  but  should  not be  considered  interchangeable  with  the
6MWT30, especially  for  the less  disabled  patients  with  COPD.
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