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Background. The Six-Minute Walk Test (6MWT) is increasingly being used as a
functional outcome measure for chronic pediatric conditions. Knowledge about its
measurement properties is needed to determine whether it is an appropriate test to
use.

Purpose. The purpose of this study was to systematically review all published
clinimetric studies on the 6MWT in chronic pediatric conditions.

Data Sources. The databases MEDLINE, EMBASE, CINAHL, PEDro, and SPORT-
Discus were searched up to February 2012.

Study Selection. Studies designed to evaluate measurement properties of the
6MWT in a chronic pediatric condition were included in the systematic review.

Data Extraction. The methodological quality of the included studies and the
measurement properties of the 6MWT were examined.

Data Synthesis. A best evidence synthesis was performed on 15 studies, includ-
ing 9 different chronic pediatric conditions. Limited evidence to strong evidence was
found for reliability in various chronic conditions. Strong evidence was found for
positive criterion validity of the 6MWT with peak oxygen uptake in some popula-
tions, but negative criterion validity was found in other populations. Construct
validity remained unclear in most patient groups because of methodological flaws.
Little evidence was available for responsiveness and measurement error. Studies
showed large variability in test procedures despite existing guidelines for the per-
formance of the 6MWT.

Limitations. Unavailability of a specific checklist to evaluate the methodological
quality of clinimetric studies on performance measures was a limitation of the study.

Conclusions. Evidence for measurement properties of the 6MWT varies largely
among chronic pediatric conditions. Further research is needed in all patient groups
to explore the ability of the 6MWT to measure significant and clinically important
changes. Until then, changes measured with the 6MWT should be interpreted with
caution. Future studies or consensus regarding modified test procedures in the
pediatric population is recommended.

B. Bartels, PPT, MSc, Child Devel-
opment and Exercise Center, Wil-
helmina Children’s Hospital, Uni-
versity Medical Center Utrecht,
Utrecht, the Netherlands. Address
all correspondence to Mr Bartels
at: b.bartels-4@umcutrecht.nl.

J.F. de Groot, PT, PhD, Research
Group Lifestyle and Health, HU
University of Applied Sciences,
Utrecht, the Netherlands, and
Child Development and Exercise
Center, Wilhelmina Children’s
Hospital, University Medical Cen-
ter Utrecht.

C.B. Terwee, PhD, Department of
Epidemiology and Biostatistics,
EMGO Institute for Health and
Care Research, VU University
Medical Center, Amsterdam, the
Netherlands.

[Bartels B, de Groot JF, Terwee CB.
The Six-Minute Walk Test in
chronic pediatric conditions: a
systematic review of measure-
ment properties. Phys Ther.
2013;93:529–541.]

© 2013 American Physical Therapy
Association

Published Ahead of Print:
November 15, 2012

Accepted: November 2, 2012
Submitted: May 14, 2012

Research Report

Post a Rapid Response to
this article at:
ptjournal.apta.org

April 2013 Volume 93 Number 4 Physical Therapy f 529



The Six-Minute Walk Test
(6MWT) is a self-paced walk-
ing test generally used to

assess functional capacity in people
with chronic conditions. The main
outcome is the distance that a per-
son can walk in 6 minutes.1 The
6MWT was originally developed to
measure the submaximal level of
functional capacity in adult patients
with moderate to severe heart or
lung diseases and has been exten-
sively used in other patient popula-
tions.2–6 Because the test reflects an
exercise level close to that of daily
life activities, it is easy to administer,
is well tolerated by patients, and is
increasingly being used as a func-
tional outcome measure for people
with chronic conditions, including
pediatric populations. For example,
the 6MWT has been utilized as a
functional outcome measure in
recent intervention studies including
children with mucopolysacchari-
dosis type 1,7 Duchenne muscular
dystrophy,8 spina bifida,9 and obe-
sity.10 Moreover, the 6MWT is
increasingly being used and recom-
mended in physical therapist prac-
tice.11 To determine the suitability of
the 6MWT as an appropriate func-
tional outcome measure in the pedi-
atric populations, however, knowl-
edge of its measurement properties
is needed with respect to the popu-
lation of interest. The 6MWT’s
measurement properties include:
(1) reproducibility and (2) validity.

Reproducibility refers to the degree
of similarity between repeated mea-
surements and reflects both reliabil-
ity and agreement parameters.12 Reli-

ability comprises the proportion of
the total variance in the measure-
ments that is due to “true” differ-
ences among individuals and is
expressed as the intraclass correla-
tion coefficient (ICC).13 Measure-
ment error assesses the intra-
individual variability between
repeated measurements and often is
expressed as the coefficient of varia-
tion (CV), the smallest detectable
change (SDC) (also referred to as the
minimal detectable change [MDC]),
and the limits of agreement (LoA).

Validity refers to the degree to
which an instrument measures the
construct it purports to measure and
comprises hypothesis testing (con-
struct validity), criterion validity, and
responsiveness. Hypothesis testing
refers to the degree to which the
scores of an instrument are consis-
tent with predefined hypotheses
regarding relationships to scores of
other instruments (convergent valid-
ity) or differences among relevant
groups (discriminative validity). Cri-
terion validity indicates the degree
to which the scores of an instrument
are an adequate reflection of a gold
standard. Responsiveness reflects
the ability of an instrument to detect
change over time in the construct
to be measured and is assessed by
testing prespecified hypotheses
about the relationship between the
change scores of the instrument and
changes in other measures.13

Next to these statistical measure-
ment properties, the minimal impor-
tant change (MIC), also referred to as
the minimal clinically important dif-
ference (MCID), is an important, but
often overlooked, property. It refers
to the smallest change that is consid-
ered relevant by patients and can be
assessed both by methods focused
on patient perspective and by statis-
tical methods.14 Knowledge about
the MIC of an outcome measure in a
specific patient group makes it pos-
sible to investigate whether the mea-

surement error of an instrument is
small enough to identify relevant
changes.

Measurement properties of the
6MWT have been reported for vari-
ous pediatric populations, but no
systematic review has been per-
formed on the methodological qual-
ity of these clinimetric studies. Con-
sequently, the level of evidence for
the quality of measurement proper-
ties and appropriateness of the
6MWT in chronic pediatric condi-
tions is still unknown. Therefore, the
aims of this systematic review were
to determine the current level of
evidence for the measurement
properties of the 6MWT in chronic
pediatric conditions and to give an
overview of available measurement
properties in different pediatric pop-
ulations with a chronic condition.
More knowledge on the reproduc-
ibility and validity in relation to the
MIC of the 6MWT will enable the
clinician to determine in which pedi-
atric conditions and for what pur-
pose the 6MWT is appropriate to use
in his or her daily physical therapist
practice.

Method
Data Sources and Searches
A search was performed up to Feb-
ruary 2012 in MEDLINE, EMBASE,
CINAHL, PEDro, and SPORTDiscus.
In PubMed, a validated search filter
for finding studies on measurement
properties was applied.15 The full
search strategy is described in eAp-
pendix 1 (available at ptjournal.apta.
org).

Study Selection
The selection of the articles was
independently performed by 2
reviewers (B.B. and J.F.dG.). The fol-
lowing inclusion criteria were used:
(1) the aim of the study was to
develop or evaluate measurement
properties of the 6MWT, and (2) the
6MWT was evaluated in children
with chronic conditions.

Available With
This Article at
ptjournal.apta.org

• eAppendix 1: Search Filter for
PubMed

• eAppendix 2: Methodological
Quality of the Studies
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Childhood obesity was considered a
chronic condition, given the long-
term medical consequences
involved.16 Studies were excluded if
adult patients were included in the
study sample or if the patient popu-
lation was not clearly described (eg,
“chronically ill patients”). Studies
that were not available in full text
or were published in a language
other than English or Dutch also
were excluded.

Data Extraction and Quality
Assessment
The extraction and assessment con-
sisted of several steps. First, the test-

ing procedures of the 6MWT were
evaluated and compared with con-
ventional guidelines. Second, the
methodological quality of the studies
was assessed. Third, the quality of
the measurement properties of the
6MWT was evaluated. Ultimately, a
best evidence synthesis was per-
formed, taking both the methodolog-
ical quality of the studies and the
quality of the measurement proper-
ties into account.

Comparison of 6MWT testing
procedures (Tab. 1). One
reviewer (B.B.) evaluated the 6MWT
test procedures used in the included

studies and compared them with
the American Thoracic Society (ATS)
guidelines17 on the following
aspects: location, instructions, and
encouragement.

Assessment of the methodologi-
cal quality of the included stud-
ies. Two reviewers (B.B. and
J.F.dG.) independently evaluated the
methodological quality of the
included studies using the recently
developed COnsensus-based Stan-
dards for the selection of health Mea-
surement INstruments (COSMIN)
checklist (eAppendix 2, available
at ptjournal.apta.org).13,18 The

Table 1.
Six-Minute Walk Test Procedures Compared With American Thoracic Society (ATS) Guidelines

Study

Location Instructions Encouragement

Straight
Corridor

Length
Walking
Course

(m)

Pretesting
Resting
Period

Walk As Far
As Possible

Without
Jogging or
Running

Turning
Around

the Cones
Practice

Test Standardized

Phrases
in ATS

Guidelines

ATS guidelines1 Yes 30 Yes Yes Yes Optional Yes Yes

Do Santos Alves and
Avanzi40

Yes 30 No No No No Yes Yes

Balfour-Lynn et al23 Yes 17 No No No No No No

Chong et al28 No 25 No No No No Yes No

Cunha et al25 Yes 28 No Yes No No No No

de Groot et al35 Yes 20 No Yes No No Yes Yes

Elloumi et al29 Yes 30 Yes Yes No No Yes Yes

Guinhouya32 Yes 30 No Yes No No Yes Yes

Gulmans et al22 Yes 8 No Yes No Yes Yes No

Lammers et al42 Yes 30–50 No Yes No No No No

Lelieveld et al33 Yes 8 No Yes No No Yes No

Maher et al26 Yes 10 Yes Yes Yes No Yes Yes

Makni et al30 Yes 30 Yes Yes Yes No Yes Yes

Mandrusiak et al24 Yes 30 Yes Yes Yes Yes Yes Yes

Mazzone et al36 Yes 30 Yes Yes Yes No No No

McDonald et al38 Yes 25 Yes Yes Yes No Yes No

McDonald et al37 Yes 25 Yes Yes Yes No Yes No

Moalla et al39 Yes 30 Yes Yes No No Yes No

Montes et al41 Yes 25 No Yes Yes No Yes Yes

Morinder et al31 Yes 70 No Yes No No No No

Paap et al34 Yes 8 No Yes No No Yes No

Takken et al43 Yes 20 No Yes No No Yes No

Thompson et al27 No 20 � 45 Yes Yes No No Yes No
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COSMIN checklist is a standardized
tool for assessing the methodological
quality of studies on measurement
properties and is designed to evalu-
ate health-related patient-reported
outcomes, but also can be used to
evaluate measurement properties of
other outcome measures.

The COSMIN checklist is a modular
tool and contains 12 boxes: 10 boxes
can be used to assess the method-
ological quality of studies on mea-
surement properties, and 2 boxes
contain general requirements (refer
to the COSMIN checklist18 for a
description of the alphabetic label-
ing of boxes). Seven boxes on meth-
odological quality were used to
assess the quality of the studies
regarding reliability, measurement
error, content validity, hypothesis
testing, cross-cultural validity, crite-
rion validity, and responsiveness.
The measurement properties “inter-
nal consistency” and “structural
validity” were considered not rele-
vant for a physical performance
instrument such as the 6MWT. The

box “Interpretability” did not gener-
ate additional information and was
excluded from analysis. The box
“Generalizability” was used to evalu-
ate general requirements:
(1) whether the studies adequately
described their samples in terms of
age, sex, disease characteristics, set-
ting, country, and language, and
(2) whether they used adequate
selection procedures and acceptable
missing response rates were applied.
The box “Item Response Theory”
was not applicable for the studies on
the evaluation of the 6MWT.

The items of each box were rated
with a 4-point scoring system; excel-
lent, good, fair, and poor. In line
with the COSMIN checklist guide-
lines, a quality score per measure-
ment property was obtained by tak-
ing the lowest rating of any item in a
box (“worst score counts”).19

In every box, there is 1 item that
concerns the sample size require-
ments. The minimal requirements
for an adequate sample size (N�30)

as stated by the COSMIN guidelines,
however, were originally developed
for questionnaires and do not neces-
sarily apply to clinimetric studies on
performance measures such as the
6MWT. Clinimetric studies on per-
formance measures tend to generate
larger effect sizes and, therefore,
may be appropriately evaluated
using smaller sample sizes. There-
fore, sample size requirements were
omitted from the scoring procedure
and taken into account in the best
evidence synthesis instead.

Assessment of the quality criteria
of the measurement properties
(Tab. 2). One reviewer (B.B.) eval-
uated the quality of the measure-
ment properties of the 6MWT using
conventional quality criteria. The
possible ratings for a measurement
property were “positive,” “indeter-
minate,” and “negative.”20

Best evidence synthesis (Tab. 3).
A best evidence synthesis was per-
formed for each patient group and
based on the methodological quality

Table 2.
Quality Criteria for Measurement Propertiesa

Measurement
Property Positive Indeterminate Negative

Reliability ICC/weighted kappa �0.70 or Pearson r
�.80

Neither ICC/weighted kappa
nor Pearson r determined

ICC/weighted kappa �0.70 or Pearson r
�.80

Measurement error MIC � SDC or MIC outside LoA MIC not determined MIC � SDC or MIC equals or inside LoA

Hypothesis testing Correlation with an instrument measuring
the same construct �0.50 or at least
75% of the results are in accordance
with the hypotheses and correlation
with related constructs is higher than
with unrelated constructs

Solely correlations
determined with unrelated
constructs

Correlation with an instrument
measuring the same construct �0.50
or �75% of the results are in
accordance with the hypotheses or
correlation with related constructs is
lower than with unrelated constructs

Criterion validity Convincing arguments that gold standard
is “gold” and correlation with gold
standard �0.70

No convincing arguments
that gold standard is
“gold” or doubtful design
or method

Correlation with gold standard �0.70,
despite adequate design and method

Responsiveness Correlation with an instrument measuring
the same construct �0.50 or at least
75% of the results are in accordance
with the hypotheses or AUC �0.70 and
correlation with related constructs is
higher than with unrelated constructs

Solely correlations
determined with unrelated
constructs

�75% of the results are in accordance
with the hypotheses or AUC �0.70 or
correlation with related constructs is
lower than with unrelated constructs

a ICC�intraclass coefficient, MIC�minimal important change, SDC�smallest detectable change, LoA�limits of agreement, AUC�area under the receiver
operating characteristic curve.
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of the studies and the quality of
the measurement properties.21 Only
studies with fair, good, or excellent
methodological quality or generaliz-
ability were included. Separate stud-
ies on measurement properties of
the same patient group were pooled.
The level of evidence for each
patient group was subsequently
rated as “strong,” “moderate,” “lim-
ited,” “conflicting,” or “unknown.”
The level of evidence provided by
small sample size studies (n�30)
without formal power analysis was
reduced to limited evidence.

Results
Included Studies
Twenty-two studies matched the
inclusion criteria and were included
in the systematic review (Figure).
The reference checking of the
included studies did not generate
additional relevant studies. Repro-
ducibility and validity of the 6MWT
were evaluated in the following 11
patient groups: cystic fibrosis
(n�4),22–25 cerebral palsy (n�3),26–28

obesity (n�4),29–32 juvenile idio-
pathic arthritis (n�2),33,34 spina
bifida (n�1),35 Duchenne muscular

dystrophy (n�3),36–38 congenital
heart disease (n�1),39 idiopathic
adolescent scoliosis (n�1),40 spinal
muscular atrophy (n�1),41 pulmo-
nary hypertension (n�1),42 and end-
stage renal disease (n�1).43

Data Synthesis and Analysis
Comparison of 6MWT testing
procedures (Tab. 1). Test proce-
dures showed large variation. The
walking course ranged from 8 to
70 m, but was less than 30 m in
approximately half of the studies.
A pretesting resting period was

Table 3.
Best Evidence Synthesisa

Methodological Quality/Quality Criteria

Diagnosis Study Reliability Agreement
Hypothesis

Testing
Criterion
Validity Responsiveness

Cystic fibrosis Gulmans et al22 Fair/positive Fair/positive Excellent/positive

Mandrusiak et al24 Fair/positive

Level of evidence Moderate Limited Limited

Cerebral palsy Maher et al26 Fair/positive Fair/indeterminate

Thompson et al27 Excellent/positive Excellent/indeterminate

Level of evidence Strong Unknown

Duchenne muscular
dystrophy

Mazzone et al36 Fair/positive

McDonald et al38 Fair/positive Fair/indeterminate Fair/positive

Level of evidence Limited Unknown Limited Limited

Spina bifida de Groot et al35 Good/positive Good/indeterminate

Level of evidence Limited moderate Unknown

Obesity Elloumi et al29 Fair/positive

Makni et al30 Good/positive

Morinder et al31 Good/positive Good/indeterminate Fair/negative

Level of evidence Moderate Unknown Moderate Limited

Congenital heart disease Moalla et al39 Fair/indeterminate Excellent/positive

Level of evidence Unknown Unknown Limited

Pulmonary hypertension Lammers et al42 Fair/positive Excellent/negative

Level of evidence Limited Strong

Juvenile idiopathic arthritis Lelieveld et al33 Fair/negative Fair/negative

Paap et al34 Fair/negative

Level of evidence Limited Moderate

End-stage renal disease Takken et al43 Fair/positive Excellent/negative

Level of evidence Limited Limited

a Level of evidence: strong�consistent findings in multiple studies of good methodological quality or in one study of excellent methodological quality,
moderate�consistent findings in multiple studies of fair methodological quality or in one study of good methodological quality, limited�one study of fair
methodological quality, conflicting�conflicting findings, unknown�only studies of poor methodological quality.
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applied in 40% of the studies.
Encouragement was standardized in
most of the studies. However,
although 8 studies followed the stan-
dardized phrases in accordance with
ATS guidelines,17 other studies used
continuous verbal encouragement.
Additional procedures included the
use of an instructional video,38 visual
goals for stimulating patients to keep
walking,27 and a safety chaser.36–38 A
safety chaser was defined as an assis-
tant who walked behind the patient
during the test and provided extra
encouragement, assisted in the case
of fall incidents, and performed addi-
tional measurements.38

Reliability (Tab. 4). Test-retest
reliability was evaluated in 8 studies
(see Box B: Best Evidence Synthesis
of Reliability). The methodological
quality of the studies on children

with cystic fibrosis was rated fair22,24

and poor.25 The quality of the studies
on children with cerebral palsy was
rated excellent27 and fair.26 The qual-
ity of the studies on children with
Duchenne muscular dystrophy,38

obesity,31 and spina bifida35 was
rated fair, good, and good, respec-
tively. Main methodological flaws
included inadequate statistical pro-
cedures,25 inappropriate time inter-
vals between tests,24–26 and ambigu-
ity about independent
administrations.25,26 Six studies
reached high levels of test-retest reli-
ability (ICC�.84–.98), and 1 study
showed a strong correlation
between the test and retest, (rp�.90,
P�.001). One study25 was excluded
from the best evidence synthesis
because of statistical flaws and thus
is not included in Tables 3 and 4. The
level of evidence in the studies on

children with Duchenne muscular
dystrophy and spina bifida was
reduced to limited because of their
small sample sizes.

Box B: Best Evidence Synthesis of
Reliability

Strong evidence was available for a positive
reliability of the 6MWT in children with
cerebral palsy, moderate evidence was
available for a positive reliability in children
with cystic fibrosis and obesity, and limited
evidence was available for a positive
reliability in children with Duchenne
muscular dystrophy and spina bifida.

Measurement error (Tab. 4).
Measurement error was evaluated in
8 studies (see Box C: Best Evidence
Synthesis of Measurement Error).
The methodological quality of the
studies on children with cystic fibro-
sis was rated fair25 and poor.23 The
quality of the studies on children
with cerebral palsy was rated excel-
lent27 and fair.26 The quality of the
studies on children with spina
bifida35 and obesity31 was rated
good. The quality of the studies on
children with congenital heart dis-
ease39 and Duchenne muscular dys-
trophy38 was rated fair and poor.
Main methodological flaws were lim-
ited to incorrect calculation of the
LoA in 1 study.38 Consequently, LoA
was recalculated based on the data
presented. Limits of agreement were
determined in 7 studies and varied
from �133 m to 101 m in children
with cystic fibrosis25 and from �14
m to 12 m in children with congen-
ital heart disease.39 Three studies
determined the SDC,27,31 which var-
ied between 36 m in children with
spina bifida and 68 m in children
with obesity.31 It was not possible to
qualify the amount of measurement
error because none of the studies
reported an MIC. Consequently, all 8
studies received an “indeterminate”
quality rating for measurement error.
One study23 was excluded from best
evidence synthesis because of inade-
quate description of study sample
and thus is not included in Tables 3
and 4.

Articles retrieved by search
strategy* (N=425):

PubMed: n=169, EMBASE: n=179,
CINAHL: n=62, PEDro: n=3,
SPORTDiscus: n=12

Records screened
(n=305)

Full-text articles assessed for
eligibility
(n=27)

Articles included in systematic
review
(n=22)

Exclusion of duplicates
(n=120)

Records excluded in
title/abstract

(n=278)

Full-text articles
excluded (n=5)

Figure.
Flow chart of the search strategy and selection of articles. Asterisk indicates February
2012.
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Box C: Best Evidence Synthesis of
Measurement Error

Knowledge was available about
measurement error parameters in children
with cystic fibrosis, spina bifida, cerebral
palsy, Duchenne muscular dystrophy,
congenital heart disease, and obesity.
However, the level of evidence remained
unclear according to COSMIN guidelines
because no information was available
regarding the MIC.

Hypothesis testing (validity)
(Tab. 5). Hypothesis testing was
performed in 14 studies (see Box F:
Best Evidence Synthesis of Hypothe-
sis Testing), convergent validity was
assessed in 7 studies, and discrimina-
tive validity was assessed in 8 stud-
ies. The methodological quality of
the studies regarding children with
obesity was rated fair29,30 and

poor.31,32 The quality of the studies
on children with cystic fibrosis was
rated fair22 and poor.25 The quality of
the studies on children with Duch-
enne muscular dystrophy,38 pulmo-
nary hypertension,42 juvenile idio-
pathic arthritis,33 and end-stage renal
disease43 was rated fair. The quality
of the studies on children with cere-
bral palsy,28 congenital heart dis-

Table 4.
Summary of the Measurement Properties of the Studies Included for Best Evidence Synthesis: Reliability and Measurement Errora

Study

Population
Patients (N)

Age (y), X(SD)
Sex (M/F)

Disease Characteristics Reliability

Measurement Error
6MWD: LOA (m), SDD

(m), SEM (m)

Cunha et al25 Cystic fibrosis (N�16)
Age: 11.0 (1.9)
Sex: 5/11
FEV1 (%), X (SD) [range]: 63.1 (21.1) [30–94]

LoA: �132.7 m to 100.9 m

de Groot et al35 Spina bifida (N�23)
Age: 10.7 (3.5)
Sex: 11/12
Normal or community ambulatory

6MWD: ICC�.98
Heart rate 6MWT: ICC�.94

SEM: 13.1 m
SDC: 36.3 m

Gulmans et al22 Cystic fibrosis (N�23)
Age: 11.1 (2.2)
Sex: 12/11
FEV1 (%), X(SD) [range]: 94.4 (16.5) [61–130]

rp�.90, P�.0001

Maher et al26 Cerebral palsy (N�41)
Age: 13.6 (1.6)
Sex: 26/15
GMFCS levels: 1–3

ICC�.98 LoA: �44 m to 42.3 m

Mandrusiak et al24 Cystic fibrosis (N�16)
Age: 13.1 (2.7)
Sex: 8/8
FEV1 (%), X (SD) [range]: 65 (18) [36–92]

6MWD: ICC�.93
Borg Scale of Perceived Breathlessness: ICC�.92
15 c (15-count breathlessness score): ICC�.66
SpO2: ICC�.81
Heart rate: ICC�.87

McDonald et al38 DMD (N�21)
Age: 8 (median), 5–12 (range)
Sex: 21/0
Ambulatory (�10 m without AD)

6MWD: ICC�.91 LoA: �66 m to 74 m

Moalla et al39 Congenital heart disease (N�17)
Age: 13.5 (0.5)
Sex: ?
NYHA class 2–3

LoA: �14.2 m to 11.6 m

Morinder et al31 Obesity (N�49)
Age: 13.2 (?), 8–16
Sex: 30/19
BMI (kg/m2): 33.9 (median), 23.3–57 (range)

ICC�.84 LoA: �65 m to 71 m
SEM: 24 m
SDC: 68 m

Thompson et al27 Cerebral palsy (N�31)
Age: 9 (3)
Sex: 15/16

ICC�.98
GMFCS level 1(n�9): ICC�.93; GMFCS level 2

(n�8): ICC�.91; GMFCS level 3 (n�13): ICC�.98

LoA: �71.6 to 57 m
SEM: 19.8 m
SDC: 54.9 m

a FEV1�forced expiration volume in 1 second, GMFCS�Gross Motor Function Classification System, DMD�Duchenne muscular dystrophy, SpO2�oxygen
saturation, AD�assistive device, NYHA class�New York Heart Association Classification for heart failure, BMI�body mass index, 6MWD�6-minute walking
distance, 6MWT�Six-Minute Walk Test, LoA�limits of agreement, SEM�standard error of measurement, SDC�smallest detectable change, ICC�intraclass
correlation coefficient, M�male, F�female.
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ease,39 idiopathic adolescent scoli-
osis,40 and spinal muscular
atrophy41 was rated poor. Main
methodological flaws included the
absence of a predefined hypothe-
sis,28,32,39 – 41 inadequate statistical
analysis,25,39 and validity issues
concerning test performance.38

Seven studies25,28,31,32,39–41 were
excluded from best evidence synthe-
sis because of major methodological
flaws and thus are not included in
Tables 3 and 5.

Box F: Best Evidence Synthesis of
Hypothesis Testing

There was moderate evidence for a positive
convergent validity of the 6MWT with fat
oxidation in children with obesity. Limited
evidence was available for: (1) positive
convergent validity of the 6MWT with
disease specific parameters in children with
cystic fibrosis (pulmonary hyperinflation) and
with end-stage renal disease (hematocrit);
(2) good discriminative validity with control
groups or subgroups in children with
Duchenne muscular dystrophy, end-stage
renal disease, and pulmonary hypertension;
and (3) poor discriminative validity between
subgroups of children with juvenile
idiopathic arthritis.

Criterion validity (validity)
(Tab. 5). Criterion validity was
evaluated in 8 studies (see Box H:
Best Evidence Synthesis of Criterion
Validity). In all of the studies, the
6MWT was compared with peak
oxygen uptake (V̇O2peak) using an
incremental cycle ergometer test, 6
studies used a maximal protocol to
ensure true V̇O2peak, and 2 studies
predicted V̇O2peak based on a sub-
maximal protocol. The methodolog-
ical quality of the studies on children
with cystic fibrosis,22 congenital
heart disease,39 pulmonary hyperten-
sion,42 and end-stage renal disease43

was rated excellent. The quality of
the studies on children with obesity
was rated fair31 and poor.29 The qual-
ity of the studies on children with
juvenile idiopathic arthritis was
rated fair.33,34 Main methodological
flaws included bias related to magni-
tude of the scores.29 High significant
correlations between the 6MWD and
V̇O2peak were found in childrenTa
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with cystic fibrosis (r�.76)22 and
congenital heart disease (r�.76)39

and between the 6MWD and maxi-
mum oxygen uptake according to
American College of Sports Medicine
guideline in children with obesity
(r�.77).29 Weak correlations were
found in children with pulmonary
hypertension (r�.49),42 juvenile
idiopathic arthritis (r�.43–.53),33,34

obesity (r�.34),31 and end-stage
renal disease (not significant).43 One
study29 was excluded from best evi-
dence synthesis because of statistical
flaws and thus is not included in
Tables 3 and 5. The level of evidence
in the studies on children with cystic
fibrosis, congenital heart disease,
and end-stage renal disease was
reduced to limited because of the
small sample sizes.

Box H: Best Evidence Synthesis of
Criterion Validity

There was strong evidence for poor criterion
validity of the 6MWT in children with
pulmonary hypertension. Moderate evidence
was available for poor criterion validity in
children with juvenile idiopathic arthritis.
There was limited evidence for: (1) good
criterion validity in children with cystic
fibrosis and congenital heart disease and
(2) poor criterion validity in children with
obesity and end-stage renal disease.

Responsiveness (Tab. 5).
Responsiveness was evaluated in 2
studies, both including children with
Duchenne muscular dystrophy (see
Box I: Best Evidence Synthesis of
Responsiveness). The methodological
quality of the studies was rated fair36

and poor.37 Main methodological
flaws included the absence of pre-
defined hypotheses about change
scores,36,37 absence of a comparator
instrument,37 and inadequate descrip-
tion of the interim period.36,37 In 1
study,36 a moderate correlation was
found between change scores on the
6MWT and another functional walking
test (r�.52, P�.001). One study37 was
excluded from best evidence synthesis
because of methodological flaws and
thus is not included in Tables 3 and 5.

Box I: Best Evidence Synthesis of
Responsiveness

Limited evidence was available for a positive
responsiveness of the 6MWT in children with
Duchenne muscular dystrophy.

Discussion
Twenty-two studies were evaluated
on both methodological quality and
quality criteria of the measurement
properties of the 6MWT in chronic
pediatric conditions. Seven studies
showed poor methodological quality
or poor generalizability and were
excluded from best evidence synthe-
sis. The best evidence synthesis of
the 15 included studies provides an
overview of the current body of
knowledge about the measurement
properties of the 6MWT in chronic
pediatric conditions.

Methodological Considerations
The methodological quality of the
studies varied between poor and
excellent. Notably, the studies on
hypothesis testing received remark-
ably low ratings on methodological
quality. These low ratings were due
mainly to the fact that few studies
formulated clearly defined hypothe-
ses. Without specific hypotheses on
expected mean differences between
known groups or expected correla-
tions with other variables, it remains
unclear whether the results reflect
the construct to be measured and
only little can be said about the valid-
ity of the 6MWT.44

The importance of a clear statement
on expected correlations in the
assessment of validity of the 6MWT
is even more important if we con-
sider that the construct to be mea-
sured with the 6MWT in a given pop-
ulation is not clearly described in
most of the studies. Moreover, the
particular construct of the 6MWT in

each case seems to depend largely
on both the origin and severity of the
functional limitations. The 6MWT
reflects maximal exercise capacity in
pediatric patients with moderate to
severe pulmonary and cardiovascu-
lar conditions such as cystic fibro-
sis,22 congenital heart disease,39 and
severe pulmonary hypertension,42

but submaximal exercise capacity in
other chronic conditions.31,33,34 This
finding is in accordance with a prior
study regarding the adult popula-
tion.45 Jehn et al45 showed that the
6MWT reflects a maximum exercise
response in patients with advanced
heart failure, whereas it only consti-
tutes a submaximal exercise test in
patients with mild heart failure and
no functional limitations. Given the
fact that the construct of the 6MWT
depends on both the patient popula-
tion and the disease severity, it
seems no longer justified to label the
6MWT as a submaximal functional
outcome measure before a proper
validity assessment on the target
population is performed, including
both patients who are mildly and
severely affected.

Evaluative Properties of the
6MWT (Reliability and
Measurement Error)
The reproducibility of an instrument
reflects both reliability and measure-
ment error parameters. Whereas
the first parameter refers to the abil-
ity to distinguish among individuals
and is mostly important when used
for discriminative purposes, the lat-
ter parameter refers to the ability of
the instrument to detect relevant
changes and is more suitable for
evaluative purposes. The present
systematic review provides suffici-
ent evidence that the 6MWT is
capable of distinguishing not only
between children with chronic con-
ditions and their peers who are
healthy but also within patient pop-
ulations. Although the measurement
error for several subgroups has been
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determined, the evaluative value of
the 6MWT remains unclear. All stud-
ies on measurement error received
an “indeterminate” rating because
none of them calculated or reported
an MIC. This rating seems rather
strict considering that the measure-
ment error of the 6MWT has been
defined in various patient groups.
However, these parameters can be
qualified only in relation to the
MIC. Without knowledge about
the MIC, it is difficult to interpret the
observed changes and determine the
success of an intervention. The MIC
of the 6MWT has been investigated
in recent clinimetric studies on adult
patients with chronic conditions,
resulting in an MIC of 24 to 45 m.46,47

Future studies on the 6MWT in the
pediatric population should follow
this initiative and include the assess-
ment of the MIC in their clinimetric
evaluation of the 6MWT.

Sample Size
The sample size in most of the
included studies was small. In gen-
eral, small sample sizes lead to reduc-
tion of power and hinder the ability
to generalize the results to the refer-
ence population.48 However, the
required sample size to generate suf-
ficient power in a study is not fixed
but can be calculated based on the
effect size and the significance crite-
rion. Regrettably, none of the studies
reported a power analysis; therefore,
it remained unclear whether the
sample sizes were adequate. In the
best evidence synthesis, studies on
the same patient group with suffi-
cient methodological quality were
pooled to increase sample size and
extend the level of evidence. A for-
mal meta-analysis with the COSMIN,
which might increase power suffi-
ciently to detect important differ-
ences, was not possible. The use of
this technique in systematic reviews
evaluated with the COSMIN is under
development.

Test Procedures
There was a large variation in test
procedures among the included
studies, and only 1 study followed all
ATS guidelines. These differences in
length of the walking course,49 the
means of encouragement,50 and the
use of a practice test and resting
period might have negatively influ-
enced the generalizability of the
results to the reference population
and limited the accuracy of the cal-
culated measurement error within
the studies. It is important, there-
fore, that the same standardized
guidelines are used in all studies of
the 6MWT. Given the variability
among the studies, it is important to
consider whether modifications
should be made for the pediatric
population. Children tend to have
more difficulty performing tasks that
take longer and possibly perform
better with more frequent verbal and
visual encouragement. However, the
need for continuous encouragement
is in contrast to the concept of a
self-paced walking test and might
change the construct validity of the
test. It is possible that the variability
in walking courses can be explained
by the difference in the length of
available straight corridors among
test locations. The influence of the
length of the walking course is small,
provided that it is a straight path of at
least 15 m long. Therefore, to enable
future researchers and clinical prac-
titioners to follow existing guide-
lines and improve homogeneity of
test procedures, it might be useful to
reduce the current criterion of 30 m
(as stated in the ATS guidelines) to
15 m.

Limitations of the Review
A specific checklist to evaluate the
methodological quality of clinimetric
studies regarding performance mea-
sures was not available. The COSMIN
was originally developed for health-
related, patient-reported outcome
measures, such as questionnaires.
Therefore, the validity and reliability

of the COSMIN itself, as a tool for
assessing the methodological quality
of studies examining performance
tests such as the 6MWT, can be ques-
tioned. The boxes, internal consis-
tency, and structural validity turned
out to be irrelevant in the method-
ological assessment of the studies on
the 6MWT, and several items such as
“highest and lowest possible scores”
were scored as not applicable. None-
theless, in the absence of a specific
measure specifically designed to
evaluate clinimetric studies, the
COSMIN seems to be a good alterna-
tive tool for gaining more insight
into the methodological quality of
studies on performance tests, in
addition to serving as a useful check-
list for establishing methodologically
proper research protocols for clini-
metric studies.

Studies that were not available in full
text or were published in a language
other than English or Dutch were
excluded. As a result, some informa-
tion on the measurement properties
of the 6MWT might have been
missed that could have increased the
level of evidence for specific
populations.

Clinical Implications
Clinicians can use the results of this
study to support their diagnostic pro-
cess and evaluation of interventions
in children with chronic conditions.
The best evidence synthesis pro-
vides a clear overview of the current
knowledge of the reliability and
validity of the 6MWT in specific
chronic conditions and can guide cli-
nicians in their decision of whether
to use the 6MWT and in interpreting
the outcome. If a clinician, for exam-
ple, wants to evaluate physical fit-
ness in a child with juvenile idio-
pathic arthritis, he or she might
consider the 6MWT. The best evi-
dence synthesis of studies of juvenile
idiopathic arthritis, however, shows
that the 6MWT is likely to be a poor
indicator for aerobic capacity and
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that it is unknown whether the
6MWT provides reproducible test
results. Based on this information, a
clinician will possibly decide to use
another outcome measure such as
the maximal cardiopulmonary exer-
cise test. The lack of evidence for the
measurement properties of the
6MWT for many pediatric chronic
conditions does not automatically
mean that the 6MWT cannot be
applied. It does demand a critical
approach of the clinician to the aim
and the results of the test. Without
knowledge about the construct of
the 6MWT for a specific population
and the measurement error between
repeated measurements, results
should be interpreted with caution
and alternative outcome measures
must be considered.

Conclusions
Evidence for measurement proper-
ties of the 6MWT varies greatly
among chronic pediatric conditions.
Further research is needed in all
patient groups to explore the ability
of the 6MWT to measure significant
and clinically important changes.
Until further research is conducted,
changes measured with the 6MWT
should be interpreted with caution
and attention should be paid to
whether it is a meaningful change for
the individual patient. Future studies
toward consensus regarding modi-
fied test procedures in the pediatric
population are recommended.
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