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Six-Minute Walk Test in Children and Adolescents

RALF GEIGER, MD, ALEXANDER STRASAK, MD, BENEDIKT TREML, MD, KLAUS GASSER, MD, AXEL KLEINSASSER, PHD,
VICTORIA FISCHER, MD, HARALD GEIGER, MD, ALEXANDER LOECKINGER, PHD, AND JOERG I. STEIN, PHD

bjective To evaluate the 6-minute walking distance (6MWD) for healthy Caucasian children and adolescents of a
opulation-based sample from the age of 3 to 18 years.

tudy design Two hundred and eighty boys and 248 girls completed a modified test, using a measuring wheel as incentive
evice.

esults Median 6MWD increased from the age of 3 to 11 years in boys and girls alike and increased further with increasing
ge in boys (from 667.3 m to 727.6 m), whereas it essentially plateaued in girls (655.8 m to 660.9 m). After adjusting for age,
eight (P � .001 in boys and P < .001 in girls) remained independently correlated with the 6MWD. In the best fitting and most
fficient linear and quadratic regression models, the variables age and height explained about 49% of the variability of the
MWD in boys and 50% in girls.

onclusion This modified 6-minute walk test (6MWT) proved to be safe, easy to perform, and highly acceptable to children.
t provides a simple and inexpensive means to measure functional exercise capacity in children, even of young age, and might
e of value when conducting comparable studies. (J Pediatr 2007;150:395-9)

urrently, the self-paced 6-minute walk test (6MWT) is classified to represent the most suitable method to assess the
submaximal level of functional exercise capacity in adults.1 This test measures the distance that a patient or participant
can quickly walk on a flat, hard surface in a period of 6 minutes. Recently, the American Thoracic Society (ATS)

ublished guidelines for performing 6MWTs in adults in clinical settings.2 Despite its usefulness in adults the 6MWT is not
idely used in the pediatric population, mainly because of lack of standardized protocols, established reference values, and

eference equations in healthy children for the 6-minute walking distance (6MWD). Previous studies using the 6MWT in
hildren were either limited to patients with a given disease3-7 or included only small numbers of participants.8 Lack of
otivation and understanding for the need of a 6MWT may affect performance more in children than in adults. The
otivational aspects during the 6MWT have not been assessed and no qualifying criteria for a 6MWT in children have been

efined.
We attempted to overcome those shortcomings in children by a modified 6MWT,

roviding a measuring wheel that displays the instantaneous walking distance. The aim of
his study was to establish reference values for the 6MWD in healthy children and
dolescents performing the modified 6MWT. Further, we determined the correlates of the
otal 6MWD in a population sample of children and adolescents.

METHOD
Subjects of this study were children of Caucasian ethnicity. The study was approved

y the local university ethics committee and the institutional boards of the participating
ocal schools and kindergartens. Informed consent was obtained from parents and sub-
ects. The measuring wheels were commercially available (Nedo GmbH � Co. KG,

ornstetten, Germany). The handling bar of the measuring wheel was customized to
hree interchangeable different lengths (240 mm, 370 mm, 560 mm) to fit optimally to the
hildren’s height. The shortest handlebar (for the smallest children) came with a two-
and grip to ensure stability of the wheel during the test for those who could not manage
r felt unsecure to steer the wheel one-handed (Figure 1; available at www.jpeds.com).

MWD 6-minute walking distance
MWT 6-minute walking test

FEV1 Forced expiratory volume in 1 second
PEF Peak expiratory flow
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ach participant was required to choose a measuring wheel
ith the most appropriate length of the handlebar for con-
enient handling. Adequate size of the measuring wheel was
ssumed when the participant held the device tightly, arms
lightly bent, the handlebar extending with minimal angula-
ion from the forearm, when standing in upright position.

All children participated in the 6MWT voluntarily.
he tests were conducted at school or kindergarten between
:00 AM and 2:00 PM. Participants were told not to exercise
igorously 2 hours before the test. On the day of the test all
hildren were given a general physical examination for their
tate of health. Children who were on medication, with
hronic or acute disease, or with unsigned informed consent
ere excluded from testing and analysis. Before the start of

he 6MWT the participants’ weight and height, wearing light
lothes but without shoes were determined using an electronic
cale and a wall assembled stadiometer. Leg length was de-
ermined by measuring the distance from the upper edge of
he symphisis to the ground in strict upright position.

Blood pressure was measured sphygmomanometrically
y using either the Digital Blood Pressure Monitor ES-
2000 (Terumo Corporation, Tokyo, Japan) or the Colin
ress-Mate (Colin Electronics Co., Ltd., Japan).

Transcutaneous oxygen saturation was measured and
eart rate was recorded before and immediately after the
MWT by using a finger pulse oximeter (Nonin Flight Stat,
eromedix, Jackson Hole, Wyo). Forced expiratory volume in
second (FEV1) of expiration and peak expiratory flow

PEF) were measured in standing position without noseclip
sing an electronic peak flow/FEV1 meter (PiKo-1, Pulmo-
ary Data Services, Inc., Louisville, Colo). Each participant
erformed three tests and the best of three satisfactory efforts
as recorded. Values were compared with reference values
atched for height and sex and expressed as percentage of

redicted.9

For a subjective rating of intensity of perceived exertion
y the child after exercising a visual analog scale was used.
mmediately after the test children �5 years of age were asked
o judge the degree of fatigue reached from the test by
djusting a scale bar on a open scale that corresponded to a
00-mm scale on the back. The bar positioned at the left end
f the scale (0 mm) meant: “not exhausted/out of breath at
ll,” and the bar at the right end (100 mm) meant “very
xhausted/out of breath.” The visual analog scale was not used
n children 3 to 5 years of age because of the uncertainty of
heir cognitive abilities to rate perceived exertion.

The tests were performed on up to three separately
ocated courses, depending on the facilities at the location, to
void competition among the children. Two flagpoles were
ositioned on a straight course spaced at a distance of 20 m.
ach child had a personal instructor during the test. Partic-

pants were instructed in a standardized way according to the
ecommendations of the ATS (with the exception of the role
f the measuring wheel) as follows: “The object of this test is
o walk as far as possible in 6 minutes, which means to score

s many meters on the scale as possible. You will be walking back t

96 Geiger et al
nd forth around the poles. You are permitted to slow down,
o stop, and to rest as necessary. You may lean against the wall
hile resting, but resume walking as soon as you are able to.
re you ready to do that? Remember that the object is to

core as many meters as possible in 6 minutes, but without
ogging or running. Start now!” An exception was made in the
hildren who were 3 to 4 years of age because in pilot tests we
ad noticed that many of those simply could not accomplish
he task of strictly walking. Thus children of this particular
ge group were allowed to walk or run or jog as they liked to
score points.” We did not extend this concession to the entire
tudy population for safety reasons.

After each minute, participants were told in even tones
he following standardized phrases: “You are doing well. You
ave 5 minutes to go.” After the second minute: “Keep up the
ood work. You have 4 minutes to go.” After three minutes:
You are doing well. You are halfway done.” After four
inutes: “Keep up the good work. You have only 2 minutes

eft.” After five minutes: “You are doing well. You have only
minute to go.” No other words of encouragement or body

anguage were used to speed up the participant. The instruc-
or did not walk with the participant but stood close to the
ourse during the test period to keep control of the test
erson. At 6 minutes on the stopwatch the participant was
old to stop. The distance on the scale was recorded, trans-
utaneous saturation as well as heart rate was measured by
nger tip pulse oximetry and the degree of perceived exhaus-
ion of the participant was acquired by visual analogue scale.

Continuous values normally distributed are presented as
eans � SD. For skewed data medians with ranges are

ndicated. “Exact” 95% confidence intervals for the mean
MWD according to sex and age group were calculated using
he method of Clopper/Pearson.10 Bivariate and partial cor-
elation analyses were performed to evaluate outcomes in the
MWD in relation to demographic and physical characteris-
ics by means of nonparametric Spearman correlation. R2

alues for multiple linear and quadratic regression models
ere calculated according to forward and backward stepwise

election of possible independent predictors of the 6MWD
imultaneously for boys and girls with the use of standard
egression techniques. However, only the best and most
fficient models are presented. Due to multiple testing
onferroni correction was applied to reduce the risk of
ype I error. Only two-sided P values equalling to .001 or

ess were considered to indicate statistical significance. All
tatistical analyses were performed using the Statistical
ackage for the Social Sciences version 12.0 (SPSS Inc.
hicago, Ill).

RESULTS
Of the 640 intended participants, 280 boys and 248

irls completed the test (82.5%). The response rate varied
rom 39% in the group 3 to 5 years of age to 93% in 6 to 8
ears, 99% in 9 to 11 years, 94% in 12 to 15 years, and 83%
n �16 years of age. On the day of the test, three children had

o be excluded after the physical examination because of acute
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nfection. In no case was it necessary to stop the test prema-
urely, and there were no unexpected events during the tests.
nthropometric characteristics and the spirometric data of

he different age groups are shown in Table I. Data reflected
ormal values in healthy children and adolescents. Heart rate
ncreased 50% to 60% from baseline in the participants,
nd most of the children perceived a mild degree of exer-
ion (of around 30 mm on the viusal analogue scale) after
erforming the 6MWT (Table II; available at www.jpeds.
om).

The 6MWDs are shown in Table III: 6MWD in-
reased from 3 to 11 years of age in boys and girls alike,
ith the steepest increase between 6 and 11 years of age.
fter 11 years of age 6MWD increased further with in-

reasing age in boys (from 667.3 m to 727.6 m), whereas it
ssentially plateaued in girls (655.8 m to 660.9 m) (Figure
). Correlation analysis revealed the variables age, age
roup, height, weight, leg length, body mass index (BMI),
lood pressure, heart rate, and percentage of predicted
EF were significantly related to 6MWD. After adjusting

or age, height (r � 0.20, P � .001 in boys, and r � 0.25,
� .001 in girls) remained independently correlated with

MWD (Table IV; available at www.jpeds.com). Children
ere categorized as “overweight,” when their BMI ex-

eeded the 95th percentile for children of the same age and
ex.11 Overweight children constituted 4.3% in the group
f 3 to 5 years of age, 3.6% in the 6 to 8 years, 5.0% in the
to 11 years, 3.3% in the 12 to 15 years, and 2.0% in the

roup �16 years (Table I). When calculating best fitting
nd most efficient linear and quadratic regression models,
he variables age (as quadratic term) and height explained
9% of the variability of the 6MWD in boys and 50% in
irls (SEE � standard error of the estimate):

ales 6MWD � 196.72 � (39.81 · Age)

� (1.36 · Age2) � (132.28 · Height)

able I. Characteristics of study groups at entry*

Sex Age Category n Height (m) Weight (

ale 3 to 5 y 22 1.14 (1.06, 1.22) 18.1 (16.0,
6 to 8 y 66 1.30 (1.20, 1.41) 25.8 (20.9,
9 to 11 y 57 1.47 (1.36, 1.57) 36.9 (27.3,

12 to 15 y 80 1.66 (1.50, 1.88) 55.7 (39.6,
16 y or older 55 1.82 (1.71, 1.93) 69.4 (50.6,

emale 3 to 5 y 25 1.13 (1.05, 1.30) 19.0 (16.3,
6 to 8 y 46 1.28 (1.20, 1.39) 25.2 (20.0,
9 to 11 y 62 1.45 (1.32, 1.61) 36.7 (26.2,

12 to 15 y 71 1.64 (1.49, 1.77) 54.0 (38.9,
16 y or older 44 1.70 (1.60, 1.79) 56.9 (46.5,

MI, body mass index; FEV1, forced expiratory volume in1 second; PEF, peak expirat
Values denote medians (95% reference range).
Percentile of median BMI.
% FEV1 of predicted.
% PEF of predicted.
R2 � 0.49, SEE � 66.72 t

ix-Minute Walk Test in Children and Adolescents
emales 6MWD � 188.61 � (51.50 · Age)

� (1.86 · Age2) � (86.10 · Height)

R2 � 0.50, SEE � 57.52

DISCUSSION
Weight correlates to the 6MWD in adults1 but not in

he children investigated. This might relate to the fact that
he percentage of overweight children, according to age and
ex-based BMI in our study sample was considerably lower
3.6%-5%) than the expected prevalence of 7% to 12%.11-13

s this test was voluntary, obese children might thus have
efused to participate. Because of this potential bias this study
roup might not represent a “true” population sample. We
lso have incomplete data on those children who did not show
p on the day of the test although informed consent was
iven. In the group of the youngest children, where only 39%
ventually completed the test, most of them were either sick
r not sent to kindergarten by their parents on the day of the
est for fear of contagion because of an endemic acute infec-
ion. In the group of the oldest children, candidates had
hanged their mind and refused to cooperate on the day of the
est, explaining the second lowest response rate of 83% in this
articular age group.

During a self-paced test, motivation of the individual
hild is of paramount importance. By implementing the mea-
uring wheel we sought to give “a task” to the children that
hould serve as an intrinsic motivational factor, which could
ot be influenced by the instructor.14 The study was not
esigned to measure the validity of this method. As expected,
he measuring wheel proved very useful for focusing the
oncentration of the children on the test. The group of
oungest children posed some methodical challenges. When
llowed to run, most of the 3- to 4-year-old children switch
etween jogging and walking frequently during the 6 minutes.

ithin the test’s concept of minimal external interference,

BMI (kg/m2) P median† FEV1‡ PEF§

14.2 (13.0, 17.0) P 22 95 (60, 110) 75 (50, 110)
15.3 (13.4, 20.9) P 38 90 (70, 110) 81 (60, 110)
17.3 (13.7, 23.4) P 55 88 (60, 110) 88 (60, 110)
19.2 (16.1, 26.9) P 62 90 (70, 110) 92 (70, 130)
20.7 (16.8, 26.2) P 45 92 (70, 120) 97 (60, 130)
14.8 (13.5, 18.9) P 25 84 (60, 120) 66 (30, 120)
15.1 (13.5, 20.1) P 38 88 (60, 110) 76 (50, 100)
16.9 (14.1, 23.4) P 50 94 (60, 120) 83 (60, 130)
20.5 (16.2, 25.5) P 65 93 (70, 130) 85 (60, 120)
19.6 (17.4, 28.2) P 29 92 (60, 120) 84 (50, 110)

w.
kg)

23.9)
36.4)
52.0)
77.9)
91.6)
28.7)
36.1)
57.8)
72.1)
73.4)

ory flo
hese data are likely to reflect their capabilities more accu-
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ately. In addition, running in the very young children did not
eem to affect 6MWD to a great extend, given the lowest
alues of mean 6MWD in the youngest age group. As a
elf-paced test the 6MWT with measuring wheel reflects
ubmaximal functional capacity of healthy children, which
ight represent more closely the patterns of their daily activ-

ties.3

It is most valuable for those who are moderately or
everely impaired and whom a full cardiopulmonary exercise
est would put at risk or would not be applicable. In those sick
hildren where the 6MWT almost represents a maximal
xercise test, it could help to grade their level of impairment.
epeated testing could aid to assess disease progression, the

ffects of medical intervention, or the need for additional or
ltered treatment. To allow for future direct comparisons
mong studies and to reduce the sources of variability caused
y the test procedure itself, we used a standardized protocol

able III. Six-minute walk distances in meters accord
nd adolescents

Sex Age category n Median (range)

ale 3 to 5 y 22 544.3 (318.0-680.6)
6 to 8 y 66 584.0 (455.0-692.0)
9 to 11 y 57 667.3 (540.2-828.0)

12 to 15 y 80 701.1 (276.1-861.0)
16 y or older 55 727.6 (569.0-865.3)

emale 3 to 5 y 25 492.4 (352.0-713.3)
6 to 8 y 46 578.3 (406.0-707.2)
9 to 11 y 62 655.8 (548.0-818.0)

12 to 15 y 71 657.6 (485.5-785.0)
16 y or older 44 660.9 (557.0-774.3)

igure 2. Mean � SD 6-minute walk distance in healthy children and
dolescents.
hat strictly followed the guidelines for the 6MWT in a w

98 Geiger et al
linical setting, prepared by the ATS, in all but one aspect.
e found it particularly difficult to select a “straight, en-

losed, longer then 30 m corridor with a plane hard surface
hat is seldom travelled” (as stated in the guidelines) in any of
he buildings where the tests where performed. For practical
easons, therefore, we chose 20 m as the distance between the
wo poles. The theoretical drawback of reducing the 6MWD
y requiring probands to take more time to reverse directions
ore often becomes irrelevant when using a measuring wheel

ecause the distance of the turns is also recorded by the meter.
oreover, a recent multicenter study found no significant

ffect of the length of straight courses ranging from 50 to
64 ft.2 Particularly in the very young children, the 20-m
ourse seems to be advantageous as it allows the children to
ocus on the task more closely, and not “get lost” on the
ourse.

We are not aware of any published reference values of
he 6MWD in healthy children and adolescents with which
e could compare our data. Thus, we cannot state whether

he modified 6MWT would result in longer or shorter
MWDs compared with those of a “normal 6MWT.”
MWDs were in the range of those from healthy adults and
dolescents1,2,8 and were positively correlated with age in
hildren, which is opposite to that in adults, where 6MWD
iminishes with growing age.14

By implementing age as a quadratic term, our regression
odels explain up to 50% of the variability of the 6MWD in

ealthy volunteers (R2 values). Half of the variability of the
MWD in children relates to other than anthropometric
actors, such as physical fitness, coordination, and motor skills
f the participants. Moreover, in children of all age groups we
ould observe some participants who were highly motivated
nd others in whom the degree of motivation could not easily
e judged from their attitude toward the test. The results of
ur tests apply to the children’s first 6-minute walk. A “learn-
ng curve” might have to be anticipated, especially in very
oung children, when performing subsequent tests. We did
ot intend to evaluate the magnitude of this assumed learning
ffect, but it is known from the literature in adults that it

to sex and age category in healthy children

95% reference range Mean � SD 95% CI

319.7-680.6 536.5 � 95.6 494.1-578.9
471.0-659.3 577.8 � 56.1 564.0-591.6
556.2-801.5 672.8 � 61.6 656.5-689.2
600.7-805.3 697.8 � 74.7 681.2-714.4
616.9-838.4 725.8 � 61.2 709.3-742.4
364.5-692.7 501.9 � 90.2 464.7-539.1
448.8-693.9 573.2 � 69.2 552.7-593.8
572.0-760.5 661.9 � 56.7 647.4-676.3
575.2-746.5 663.0 � 50.8 651.0-675.0
571.2-756.2 664.3 � 49.5 649.3-679.3
ing
ould range from 0 to17% of the 6MWD.2,15 Excellent
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est-retest reliability of the 6MWT was recently reported in
dolescents with a bias (mean difference between the two paired
eans) of 15 m (intraclass coefficient 0.94) at two separately held

ests within 3 weeks.8 It seems reasonable to dismiss the possi-
ility of a practice or training effect when recruiting cross-
ectional data, but it might be of relevance when analysing
ubsequent interventional or treatment effects on 6MWD.
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50 Years Ago in The Journal of Pediatrics
AGENESIS OF THE CORPUS CALLOSUM: REPORT OF EIGHT CASES IN INFANCY

Koch FP, Doyle PJ. J Pediatr 1957;50:345-51

Today it is not uncommon for a pediatrician to encounter at least one child with hypoplasia or agenesis of the corpus
callosum found by using magnetic resonance imaging (MRI). However, 50 years ago, Koch and Doyle surveyed 8 infants
with agenesis of the corpus callosum, diagnosed by means of autopsy or pneumoencephalography, and added to the only
100 cases that had been described since the first was described by Reil in 1812. Koch and Doyle “hoped that pediatricians
may become alerted to the possibility of diagnosing agenesis of the corpus callosum” when faced with a child with
macrocephaly, developmental delays, cerebral palsy, or other neurologic problems. Thanks to MRI, their wish has come
true, but do we know much beyond their accurate report of the development and function of the corpus callosum?

As the “information superhighway” between the hemispheres, the corpus callosum is formed between the ninth and
20th weeks of gestation. An abnormality in this intrahemispheric connection is rarely found in isolation of other
symptoms or signs and may provide a clue to the etiology of a child’s underlying diagnosis. Agenesis of the corpus
callosum can be associated with conditions as diverse as Dandy-Walker malformation, Chiari malformation, trisomies
13 and 18, holoprosencephaly, X-linked hydrocephalus, Aicardi syndrome, non-ketotic hyperglycinemia, methylmalonic
acidemia, mitochondrial defects, and fetal alcohol syndrome. We know, as Koch and Doyle did, that there are some
children with agenesis or hypoplasia who are clinically unaffected or whose agenesis or hypoplasia are detectable only with
rigorous neuropsychological testing.

As prenatal ultrasound scanning and MRI and other not-yet-invented imaging technologies become standard for
obstetrical and neurological care, the spectrum of cerebral anomalies and variants found will doubtlessly increase. Among
these findings, agenesis or hypoplasia of the corpus callosum will become more of a finding than a diagnosis, and we
should heed Koch and Doyle’s advice. Like a simian crease or multiple café-au-lait spots, the pediatrician should use
agenesis or hypoplasia as just one finding on the diagnostic journey for which he or she first obtained the MRI.
Consideration of an ophthalmology evaluation is likely wise, and thought should be given to the possibility of an
underlying genetic or metabolic disorder. In rare cases, the finding may just be incidental.

Sonia Partap, MD
Department of Neurology

Lucile Salter Packard Children’s Hospital at Stanford
Palo Alto, California
10.1016/j.jpeds.2006.10.015
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able II. Six-minute walk test in healthy children and adolescents, pre and post measures

Sex Age category n

Pre 6MWT Post 6MWT

VAS†tcSAT* HR† tcSAT* HR†

ale 3 to 5 y 22 98 (97, 100) 96.6 � 10.8 98 (95, 100) 146.9 � 20.6 ‡
6 to 8 y 66 98 (96, 100) 88.1 � 12.7 98 (95, 99) 133.0 � 19.1 32.6 � 24.9
9 to 11 y 57 98 (96, 99) 86.8 � 15.9 98 (94, 99) 135.5 � 18.9 29.2 � 21.1

12 to 15 y 80 98 (97, 99) 85.3 � 14.7 98 (95, 99) 138.9 � 21.5 33.4 � 18.6
16 y or older 55 98 (96, 100) 76.6 � 15.8 97 (94, 99) 130.4 � 29.4 33.2 � 19.6

emale 3 to 5 y 25 99 (97, 100) 97.1 � 11.0 98 (91, 100) 150.0 � 24.9 ‡
6 to 8 y 46 98 (96, 100) 96.0 � 14.1 98 (94, 100) 146.1 � 16.6 37.1 � 28.3
9 to 11 y 62 99 (97, 100) 84.6 � 12.3 98 (96, 100) 144.1 � 20.8 32.1 � 21.9

12 to 15 y 71 99 (98, 100) 88.0 � 15.0 98 (95, 100) 149.4 � 20.2 34.6 � 18.9
16 y or older 44 98 (96, 100) 89.0 � 19.6 98 (95, 100) 141.9 � 24.3 33.1 � 14.5

MWT, 6-minute walk test; HR, heart rate (beats/minute); tcSAT, transcutaneous oxygen saturation (%); VAS, visual analog scale (mm).
Values presented as medians (95% reference range).

Values presented as mean � SD.
Not measured.
able IV. Six-minute walk distance correlates in healthy children and adolescents, corrected for age*

Height Weight BMI tcSat SBP DBP HR PEF FEV1

ale � 0.20 �0.09 �0.15 0.02 �0.04 �0.09 �0.11 0.08 �0.00
value (two-tailed) .001 .17 .02 .81 .53 .14 .08 .23 .95

emale � 0.25 0.00 �0.07 0.06 0.04 �0.02 �0.01 0.21 0.07
value (two-tailed) �.001 .96 .28 .40 .56 .81 .16 .02 .30

ue to multiple comparisons the level of significance is set at P � .001.
MI, body mass index; DBP, diastolic blood pressure (pre-test); FEV1, forced expiratory volume in 1 second; HR, heart rate (pre-test); PEF, peak expiratory flow; SBP, systolic blood
ressure (pre-test); tcSAT, transcutaneous oxygen saturation (pre-test).

Non-parametric Spearman correlation (male n � 280, female n � 248).
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