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Alexander Strasak, MD, PhD, Harald Geiger, MD, Joerg I. Stein, MD, PhD, and Markus Rauchenzauner, MD, PhD

Objective To assess the significance of consecutive six-minute walk tests (6MWTs) during a weight reduction
program.
Study designOverweight children and adolescents (n = 113;mean� standard deviation age, 12.9� 2.0 years; 64
girls) performed a standardized 6MWT at the beginning and end of an in-patient weight reduction program consist-
ing of exercise, diet, and educational and psychological support. Their 6-minute walk distance (6MWD) was com-
pared with age- and sex-matched normal-weight children (n = 353).
Results Preintervention 6MWD averaged 93% of control subjects (631 � 88 m versus 675 � 70 m, P < .001) and
increased significantly to 667� 90 m (P < .001) after 27� 7 days of intervention (99% of control subjects; P = .260).
Participants reduced their body weight from 80.9 � 19.8 kg to 75.6 � 19.0 kg, body mass index (BMI) percentile
from 98.2 � 2.1% to 96.8 � 3.8%, and BMI–standard deviation score from 2.37 � 0.6 to 2.13 � 0.6 (P < .001 for
each variable). BMI–standard deviation score, height, and the change in heart rate during the 6MWTwere significant
independent predictors of the 6MWD at preintervention and at post intervention time points (P < .001 each).
Conclusions The 6MWD increases during a weight reduction program, indicating improvement of physical fit-
ness and decreased metabolic demand during daily activities in overweight children. The 6MWT represents a prac-
tical and reliable assessment tool for exercise performance in overweight children and adolescents. (J Pediatr
2011;158:447-51).

O
verweight during childhood is a major risk factor for metabolic and endocrine dysfunctions such as insulin resistance,
fatty liver disease, type 2 diabetes mellitus, and cardiovascular disease in young adult life.1-5 Mounting evidence dem-
onstrates that regular physical activity is associated with significant reductions in abdominal obesity (visceral fat mass)

and hazardous health effects.6,7 As a consequence, weight reduction programs for overweight children are increasingly used to
reverse overweight-related health risks. Assessing effectiveness of such programs onmotor abilities relies onmeaningful anthro-
pometric and physical performance indicators. Motor abilities of overweight children are usually below average and can im-
prove during the intervention.8 Nevertheless, there is still a lack of standardized protocols, assessment tools, and reference data
to measure exercise performance and effectiveness.

The 6-minute walk test (6MWT) is a valuable and practical tool to measure exercise performance on a submaximum level in
children,9 reflecting activities of daily living better than any other functional walk test.10 Recently published reference values for
the 6-minute walk distance (6MWD) have facilitated the use of the 6MWT in the pediatric population,11,12 with good repro-
ducibility and validity.13-15 To date, only a few studies have used the 6MWT in overweight children and adolescents. Lower
6MWDs were reported in overweight compared with normal-weight children.16,17 Unfortunately, prospective studies on con-
secutive 6MWTs in overweight children are sparse, limiting comparability of treatment approaches or components.18 The aims
of this study were to evaluate the significance of the 6MWT as an assessment tool in a weight reduction program and to identify
possible predictors of the 6MWD in overweight children and adolescents.
From the Department of Pediatrics, Clinical Divisions of
Cardiology, Pulmology, Allergology, and Cystic Fibrosis
(R.G., J.W., J.S.) and Neonatology, Neurology, and
Metabolic Diseases (M.R.), InnsbruckMedical University,
Innsbruck, Austria; Fachklinik Prinzregent Luitpold (M.R.,
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BIA Bioelectrical impedance analysis

BFM Body fat mass

BFM% Percentage body fat mass

BMI Body mass index

FFM Fat-free mass

HR Heart rate

SDS Standard deviation score

TBW Total body water

6MWT Six-minute walk test

6MWD Six-minute walk distance
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Methods

The in-patient weight reduction program was carried out at
the Fachklinik Prinzregent Luitpold in Scheidegg/Allgäu,
Germany, during summer holidays from July to September
2007. The study group comprised overweight and obese
children and adolescents who participated in the program,
following referral by either general practitioners or pediatri-
cians. Inclusion criterion was ‘‘a body mass index (BMI)
above the 85th percentile based on BMI curves for German
children.’’ According to the study protocol, only participants
who stayed at the clinic for at least 3 weeks were included in
the data analysis. Informed consent to participate in the study
was obtained at the time of admission and was not a prereq-
uisite to join the program. All children and adolescents had
a physical health check on admission and were excluded if
they had any physical condition other than overweight. Par-
ticipants followed an intervention program consisting of reg-
ular physical exercise, moderate dietary restriction (1400 to
1600 kcal/d), comprehensive dietary and behavioral educa-
tion, and psychological support. The contents of the program
follow recommendations of the ‘‘Konsensusgruppe Adiposi-
tasschulung im Kindes und Jugendalter (KgAS)’’ (http://
www.adipositas-schulung.de).

Preintervention and postintervention measures included
height, weight, bioelectric impedance analysis (BIA), and
6MWT. Height and weight were measured in light clothes us-
ing an electronic scale and a wall-mounted stadiometer, re-
spectively. BMI was calculated as kg/m2, and individual
BMI data were converted to standard deviation scores
(SDS). The calculation of SDS values was based on national
reference data for German children.19

Body fat mass (BFM) and fat-free mass (FFM) were
estimated by BIA (Nutriguard S, Data Input, Darmstadt,
Germany) at a frequency of 50 kHz. Total body water
(TBW) was calculated from total body resistance, height,
weight, and age. Fat mass was derived using the software
for children available on the analyzer.

Standardized 6MWTs were performed in the individual
child by using a measuring wheel as an incentive device.12,20

Blood pressure, transcutaneous oxygen saturation, and heart
rate were recorded before and immediately after the 6MWT
by using the Bedside Monitor BMS-2301 (Nihon Kohden,
Rosbach, Germany). Resting heart rate was obtained at least
5 minutes before commencing the walk. The change in heart
rate during the 6-minute walk (6HR) was calculated by sub-
tracting the resting heart rate from the heart rate immediately
after the test. The 6MWDs and morphometric data were
compared with those of 353 age- and sex-matched normal-
weight children (BMI between the 5th and 85th percentiles)
published, in part, previously.12 The study was approved by
the institutional ethic committee and local authorities.

Continuous data are presented asmean (SD).Normal distri-
bution of data was assessed using Kolmogorov-Smirnov test.
Children were grouped into overweight children and control
subjects. Univariate comparisons between overweight children
448
at start and at end of the weight reduction program were per-
formed using paired-samples t tests. Cross-sectional compari-
sons between groups (overweight versus control subjects) were
performed using independent-sample t tests. To identify pre-
dictors for the 6MWD, multiple regression analysis was per-
formed using a stepwise forward variable selection procedure
with a probability of F to enter#.05 and a probability of F to
remove $.10. All analyses were performed two-tailed with
P values#.05 indicating statistical significance. Statistical anal-
yseswere performed using the Statistical Package for Social Sci-
ences for Windows (SPSS Inc, Chicago, Illinois, version 15.0).

Results

Overweight children and adolescents (n = 132) were eligible,
and none of the participants or parents refused to perform
the 6MWT. Nineteen participants were lost to follow-up be-
cause theywere either sick or not available at the day of the sec-
ond test. Therefore, 113 overweight children and adolescents
(49 boys; age, 12.6 � 2.1 years) and 64 girls (age, 13.1 � 1.9
years) with a mean age of 12.9 � 2.0 years (range, 8.0 to 17.0
years) remained for data analysis. Demographic and morpho-
metric data of overweight and control groups are depicted in
Table I. By design, subjects of the two groups differed in
respect to their weight, BMI, BMI percentiles, and BMI-SDS.
After a mean of 27 � 7 days, overweight participants
achieved reductions in body weight from 80.0 � 19.8 kg to
75.6 � 18.9 kg, P < .001, in percentage body fat mass (BFM
%) from 35.9% � 6.8% to 33.4% � 7.1%, P < .001, BMI
percentile 98.2% � 2.1% to 96.8% � 3.8%, P # .001), and
BMI-SDS (2.37 � 0.6 to 2.13 � 0.6, P# .001).
6MWD in the overweight children and adolescents in-

creased from 631 � 88 m at baseline to 667 � 90 m after in-
tervention, P < .001. At the start of the program, 6MWD
averaged 93% of the mean for age-matched normal weight
children (631 � 88 m versus 675 � 70 m, P < .001) but
was no more different thereafter (667 � 90 m versus 675 �
70 m, P = .260; 99%). Similar to normal-weight children,
6MWD was shorter in overweight girls than in overweight
boys (both P < .001). Although overweight boys were as
tall as normal-weight boys, overweight girls were taller than
normal-weight girls (162.3 �9.1 cm versus 155.6 � 1.0 cm,
P = .001), Tables II and III.
Before intervention, overweight children had a higher rest-

ing heart rate (HR) than normal-weight children (89 � 12
bpm versus 85 � 14 bpm, P = .016) and a lower post-test
HR (114 � 9 bpm versus 140 � 22 bpm, P < .001). After in-
tervention, resting HR in overweight children had decreased
to similar values as in normal-weight children (83 � 13 bpm
versus 85 � 14 bpm, P = .205), and their post-test HR re-
mained similar to that of the start of the program, still being
substantially lower than in normal-weight children (114� 23
bpm versus 140 � 22 bpm, P < .001) (Table II).
In multivariate regression analysis and at both time points

BMI-SDS (b =�0.391/�0.366), height (b = 0.349/0.404) and
6HR(b= 0.311/0.272)were independent predictors (P< .001
Geiger et al
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Table I. Characteristics of study groups at start and at end of the weight reduction program in overweight children and
adolescents

Overweight (n = 113)
Nonoverweight (control
subjects) (n = 353)Start End P P† Pz

Age in years 12.9 (2.0) 12.7 (3.1) .635
Sex, n (%)
Male 49 (43%) 49 (43%) 187 (53%)
Female 64 (57%) 64 (57%) 166 (47%)
Height, cm 162.5 (11.5) 159.0 (16.5) .002
Weight, kg 80.9 (19.8) 75.6 (19.0) #.001 47.4 (14.5) #.001 #.001
BMI, centile 98.2 (2.1) 96.8 (3.8) #.001 45.1 (26.7) #.001 #.001
BMI-SDS 2.4 (0.5) 2.1 (0.6) #.001 �0.2 (0.9) #.001 #.001
Fat % 35.9 (6.8) 33.5 (7.1.) #.001
Length of ward, d 27.8 (6.8)

Values are presented as absolute numbers and percentage or mean (SD).
P values refer to comparison of data at start and at end in overweight children.
†P values refer to comparison of data in overweight children at start and control subjects.
zP values refer to comparison of data in overweight children at end and control subjects.
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for each variable) of the 6MWD (r2 = 0.338 and r2 = 0.349,
respectively) in overweight children and adolescents. When
grouped by sex, 6HR was no more predictive for the
6MWD at both time points in overweight males but remained
predictive in overweight females (b = 0.467 [P < .001] and b =
0.319 [P = .006]).

In normal-weight children and adolescents, height (b =
0.592, P < .001) and age (b = �0.216, P = .040) but neither
BMI-SDS nor6HR (P > 0.05) were independent predictors
of the 6MWD.

Discussion

The most important finding of our study is an increasing
6MWD during weight loss indicating improvement of phys-
ical fitness and decreased metabolic demand during daily ac-
tivities. Children with lower BMI and those with greater
increments in DHR during the 6MWT were able to walk lon-
ger distances.

Excellent reliability and validity of the 6MWT has been
demonstrated in healthy normal-weight children.15 Similarly,
good reproducibility of the 6MWDs has been demonstrated
in overweight children. The bias (themeandifference between
the two paired means) of two tests performed within mean 4
days was 2.8 m.17 Therefore, a learning effect, accounting for
the greater 6MWDs during the second 6MWT in the
Table II. Six-minute walk distance (6MWD) and heart rate di
(control subjects) at start and at end of the weight reduction

Overweight (n = 113)

Start End

6MWD, m 631.3 (87.9) 667.2 (90.2)
Resting heart rate, beats/min 89 (12) 83 (13)
Heart rate after 6MWT 114 (9) 114 (23)
DHR 25.1 (16.8) 31.6 (22.7)

Values are presented as mean (SD).
P values refer to comparison of data at start and at end in overweight children.
†P values refer to comparison of data in overweight children at start and control subjects.
zP values refer to comparison of data in overweight children at end and control subjects.
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overweight participants of our study, appears to be very
unlikely because they walked 36m farther in the postinterven-
tion test.
The BMI allows assessing overweight and obesity in chil-

dren most effectively. It correlates with adiposity21,22 and
complications of childhood overweight.23-25 When con-
verted to z-scores, individual BMI values can be used as an
outcome measure for weight development. Despite using
a different study setting and duration of intervention, similar
weight reduction and increase of 6MWD was reported by
Calders.16 In their retrospective analysis, BMI-SDS was the
most dominant predictor of the variability in 6MWD at ad-
mission and after 3 months. A drop in BMI-SDS during in-
tervention may therefore serve as a surrogate for better
exercise performance.
Decreased physical activity and a more sedentary lifestyle

as well as increased fat mass affect exercise performance in
a negative way.26,27 Furthermore, maximum heart rate dur-
ing exercise is known to be lower in overweight adolescents,
presumably because of both lack of fitness and overweight it-
self.28 In our study, resting heart rates in overweight children
decreased to normal values on the second 6MWT. Interest-
ingly, the impact of weight loss on resting heart rate and
thus resting energy consumption was very pronounced in
girls. We assume that in them, weight loss primarily led to
a reduction of metabolic cost of excess adiposity, thereby
fference (DHR) of overweight and nonoverweight children
program in overweight children and adolescents

Control Subjects (n = 353)P P† Pz

#.001 674.7 (69.8) #.001 .261
#.001 85 (14) .016 .205
.728 140 (22) #.001 #.001
.004 54.8 (21.7) #.001 #.001
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Table III. Characteristics of study groups at start and at end of the weight reduction program, broken down by sex

Overweight girls
(n = 64)

Overweight boys
(n = 49)

Start End P
Nonoverweight
girls (n = 166) P† Pz Start End P

Nonoverweight
boys (n = 187) P† Pz

Height 162.3 (9.1) 155.7 (14.1) .001 162.7 (14.2) 162.0 (18.0) .781
Weight 81.0 (17.8) 76.8 (17.3) <.001 45.4 (12.7) <.001 <.001 78.7 (22.2) 74.0 (21.0) <.001 49.8 (15.6) <.001 <.001
BMI-SDS 2.4 (0.6) 2.2 (0.6) <.001 �0.2 (0.9) <.001 <.001 2.3 (0.5) 2.0 (0.6) <.001 �0.2 (0.8) <.001 <.001
6MWD 620.9 (71.4) 659.6 (69.2) <.001 658.8 (54.5) <.001 .955 644.9 (104.9) 677.2 (111.8) .004 688.9 (78.5) .001 .400
HF before test 88.3 (11.0) 80.0 (11.2) <.001 86.1 (13.7) .247 .001 89.6 (14.1) 87.4 (15.0) .379 84.3 (15.5) .032 .209
HF after test 116.0 (20.2) 118.5 (22.6) .399 145.5 (21.3) <.001 <.001 111.4 (17.1) 110.0 (24.3) .701 135.0 (22.7) <.001 <.001
DHF 27.7 (16.5) 38.5 (21.0) <.001 59.4 (21.9) <.001 <.001 21.8 (16.8) 22.6 (21.8) .838 50.6 (20.8) <.001 <.001

Values are presented as mean (SD).
DHF, heart rate difference.
P values refer to comparison of data at start and at end in overweight girls/boys.
†P values refer to comparison of data in overweight girls/boys and controls at start of the program.
zP values refer to comparison of data in overweight girls/boys and controls at end of the program.
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increasing cardiorespiratory reserve to some extent (resulting
in higher 6MWDs). Continued overweight presumably
counted for the still lower post-test HR in both sexes. Of
note, post-test heart rate did not differ between the first
and the second tests in overweight children of our study
and was substantially lower than in normal-weight children
performing a 6MWT. Nevertheless, they managed to increase
their 6MWD from 93% to 99% that of normal-weight chil-
dren after short time intervention. Looking at the energetics
of walking might provide an explanation: In overweight indi-
viduals, the ‘‘metabolic cost of walking’’ has been shown to be
much lower than one would expect from experiments in
normal-weight participants bearing excess weight during
walking. Overweight adults somehow manage to ‘‘optimize’’
energy consumption, making walking more efficient.29-31

This might equally apply to children and adolescents. There-
fore, apparently small changes in body weight, body compo-
sition, and probably improved fitness may be sufficient to
shift walking performance to a higher level in overweight
children and adolescents.

In general, the use of ameasuringwheel in a 6MWTappears
to yield somewhat greater 6MWDs than those of ‘‘conven-
tional’’ 6MWTs, at least in healthy nonoverweight children
and adolescents, although no head-to-head comparison of
the two test modes has been performed so far.12,32 Reported
6MWDs of ‘‘conventional’’ 6MWTs in overweight children
and adolescents are considerably lower than those of our study
population.16,17Webelieve that ameasuringwheel, in contrast
to simplywalking amaximumdistance, represents an intrinsic
incentive for the participants. The DHR during the conven-
tional 6MWT has been reported to be independently associ-
ated with 6MWD in normal-weight children11 but not if an
incentive device is used (unpublished own observation).12

This incentive devicemight thus potentially lead tomore com-
parable levels of effort put into the walk. In the overweight
girls, however, the effects of this proposed incentive stimulus
appear to be less important, and unknown motivational fac-
tors might come into play. Overweight children should be en-
couraged to enjoy physical activity, and tests must focus on
their special needs. In that respect, consecutive 6MWTsappear
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to be of value, and measurable improvement can be achieved
within relatively short-time paralleling weight loss.
Some limitations might be taken into consideration when

interpreting the data of our study. One of them is the lack
of a longitudinal overweight control group. Nevertheless,
compared with the minimal learning effect in 6MWT re-
ported by others,16 this limitation appears insubstantial. Ob-
viously, the 6MWD shows a ceiling effect caused by
morphometric factors such as leg (stride) length. Height is
the best variable in normal-weight children performing
a 6MWT, with nearly ‘‘perfect’’ correlation to leg length and
thus stride length, with r2 = 0.952 (unpublished own observa-
tion).11,12 Clearly, height is not an important actuating factor
because it is expected not to change substantially during
a short-time intervention. However, when conducting long-
time intervention studies using 6MWTs as an outcome
measure in children and adolescents, growth must be incor-
porated into analysis. More elaborate methods, such as
cardiopulmonary exercise testing and sports-motor tests,
might be necessary to further elucidate possible impacts of
body weight and shape on physical condition andmotor abil-
ities in overweight children. The use of an intrinsic incentive
device may preclude comparability with data derived from
studies using conventional 6MWTs.
The 6MWT represents a practical, simple, and reliable as-

sessment tool of exercise performance in overweight children
and adolescents. The 6MWD increases during aweight reduc-
tion program and indicates improvement of physical fitness
and decreased metabolic demand during daily activities. n
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