Cazzoletti et al. Respiratory Research (2022) 23:83 .
https://doi.org/10.1186/512931-022-02003-y Res p I rato ry Resea rCh

RESEARCH Open Access

oM - : : ®
Six-minute walk distance in healthy subjects: ==

reference standards from a general population
sample

Lucia Cazzoletti' '®, Maria Elisabetta Zanolin'", Gianluigi Dorelli?, Pietro Ferrari?,
Luca Giuseppe Dalle Carbonare?, Ernesto Crisafulli®, Mulubirhan Assefa Alemayohu'#, Mario Olivieri,
Giuseppe Verlato' and Marcello Ferrari*?

Abstract

Introduction: The 6-min walking distance (6MWD) test is a useful tool to obtain a measure of functional exercise
capacity. However, reference equations have been mainly based on selected populations or small samples. The pur-
pose of this study was to determine the reference equations to predict the 6MWD in a large Italian population sample
of healthy adults of a wide age range.

Methods: In the frame of the multi case—control population-based study Gene Environment Interaction in Res-
piratory Diseases (GEIRD), we studied 530 healthy subjects: 287 females ranging 21-76 and 243 males ranging
21-78 years of age. We measured 6MWD, demographic and anthropometric data and collected the reported physi-
cal activity. A multiple linear regression model for the 6MWD included age, age?, height, weight and physical activity
for both sex equations. The two-way interaction age-height and age-weight and the quadratic terms of weight and
height were also tested for inclusion separately in each model.

Results: The mean 4 SD for 6MWD was 5814+ 66.5 m (range 383-800 m) for females and 608.7 £80.1 m (range
410-875 m) for males. The reference equations were 6MWD =8.10%age + 1.61*height,,,—0.99*weight,, + 22.58*acti
ve—0.10*age’ 4 222.55 for females (R squared =0.238) and 6MWD = 26.80*age + 8 46*heig ht.,,—045*weight,—2.5
4*active—0.06%age’—0.13*age*height,,,,—890.18 for males (R squared = 0.159), where “active”is 1 when the subject is
physically active, 0 otherwise.

Conclusion: This study is the first to describe the 6MWD in a large population sample of young, middle aged and
elderly healthy Caucasian subjects, and to determine reference equations. These findings will help to improve the
evaluation of Italian and European patients with diseases influencing their functional capacity.

Keywords: Reference values, 6-min walking test, Function status (activity levels), General population, Healthy
subjects

Introduction

The ability of walking is a well-established index of the
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those with chronic diseases who are unable to perform
maximal cycle ergometer or treadmill exercise tests.

The 6MWD test has advantages over laboratory-
based tests on exercise tolerance since it more closely
reflects the ability to perform daily life activities and
does not require sophisticated and expensive equip-
ment [1-3]. Moreover, the test is frequently employed
as an outcome measure for pulmonary and cardiovas-
cular rehabilitation, and as a selection tool for pulmo-
nary surgery candidates [4, 5].

Most of the studies on 6MWD were conducted in
groups of patients with physical function alterations,
such as obstructive lung disease, heart failure, neuro-
muscular diseases and arthritis [1, 2]. Several studies
have been conducted in healthy adults over the last
decades to provide reference values for the 6MWD. The
majority of these were performed on a low number of
subjects (i.e. <100) [6-9], and/or in samples of a narrow
age-range [6, 9]. Furthermore, participants were gener-
ally recruited among students, employees and relatives
[10-13], while only one study considered a sample from
the general population [14]. Some studies included
patients with asthma, a disease associated with a reduc-
tion in the 6MWD, independently of normal respira-
tory function, in the group of healthy subjects [15]. All
these concerns may lead to biases when formulating
reference values for use in clinical practice.

The aim of this study was to identify the reference
equations for predicting 6MWD for women and men
in a large Italian population sample of healthy adults of
a wide age range, thereby contributing to improve the
evaluation of European patients with diseases affecting
their functional capacity.

Methods

Study population

The subjects participated in the Genes Environment
Interaction in Respiratory Diseases (GEIRD) project,
a two-stage multicase-control study, carried out in
Verona (Italy) between 2008 and 2012. (www.geird.org)
[16].

Briefly, in stage 1, new random samples or pre-existing
randomly sampled cohorts from the general population
(20-85 years of age, male/female=1/1) were mailed a
screening questionnaire on respiratory symptoms [17].
In stage 2, all the subjects who reported symptoms sug-
gestive of asthma or chronic bronchitis (CB), a random
sample (30%) of the subjects who reported rhinitis and a
random sample (40%) of the subjects who did not report
respiratory symptoms, diagnoses or hospitalizations were
invited to clinics, where they underwent interviews and
clinical tests.
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Ethical approval was obtained from the appropri-
ate ethics committee, and written consent was obtained
from each participant.

In our analysis, only the subjects eligible for the 6-min
walking test (6MWT) protocol were considered. In par-
ticular, a screening questionnaire was mailed to 8206
subjects, and 5647 (response rate: 69%) answered; out
of 3552 selected to participate in the clinical stage, 1453
(41%) accepted to undergo clinical interviews and tests
and were screened for inclusion in the healthy group of
subjects considered in this study.

Procedures

Data on smoking, respiratory or other diseases, use of
medications were collected through a standardized ques-
tionnaire [16]. The subject’s standing height was meas-
ured by using a stadiometer; weight was measured by a
balance beam scale. The subjects underwent lung func-
tion tests according to ATS/ERS guidelines [18], with ref-
erence values obtained by Quanjer [19].

The subjects were classified on the basis of physical
activity. We followed the definition used by Shabaan et al.
[20], who based their categorisation on earlier publica-
tions [21, 22]: subjects who performed physical activity
with a frequency of “2—3 times a week” or more and with
a duration of “about 1 h a week” or more were classified
as “active’, the remaining subjects as “not active”.

The 6MWT protocol was developed according to the
American Thoracic Society guidelines (2002) [23]. Sub-
jects were checked for contraindications, then asked to
walk as far as they could without running in a 30-m-long
hallway. If a subject stopped before the 6 min were up (or
the operator decided that he/she should not continue),
the reason for stopping was recorded. The test results
were expressed as the distance walked (i.e. the 6MWD)
in meters.

Definition of the healthy group and statistical method

We excluded cases of asthma, COPD, CB according to
our previous analysis showing a significant reduction of
the 6MWD in these subjects [15]. Out of the remain-
ing 816 subjects, we also excluded 102 subjects who did
not perform the test, due to clinical contraindications,
such as heart attack occurred in the previous 3 months,
current drug treatment for epilepsy, a resting heart rate
greater than 120 beats per minute, a baseline systolic
blood pressure greater than 180 mmHg or a diastolic
blood pressure greater than 100 mmHg. Finally, we
excluded 7 subjects with values of FEV1 lower than nor-
mal according to the z-score calculated by means of the
global lung function 2012 equations [19], 2 subjects with
6MWD > =900 m (a distance reached only by running),
and 4 subjects with no information on physical activity.
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Thus, we considered 701 subjects for the subsequent
analysis aimed to define the healthy group. For this pur-
pose, we excluded the subjects with features other than
respiratory diseases that were negatively associated with
the 6MWD [14]. If the variable was continuous, par-
ticipants beyond the 95th percentile toward abnormal-
ity were excluded. Multivariable linear regressions were
then fitted to data to detect disease conditions negatively
associated with the 6MWD. Each regression considered
the 6MWD as dependent variable, and age, sex, smoking
habits, BMI and one at a time other potentially relevant
factors (such as reported cardiovascular diseases, arthri-
tis, diabetes, cancer, hypertension and obstructive sleep
apnoea syndrome) as independent variables.

When the sample of subjects meeting the inclusion
criteria to be defined as healthy was obtained, two mul-
tivariable linear models were fitted to data. The 6MWD
was considered as the dependent variable and age,
age squared, height, weight and physical activity were
selected as independent variables, in males and females
separately. In addition, the two-way interaction terms
of age and height and age and weight were tested by the
likelihood ratio test (LRT), one at a time. Finally, height
squared and weight squared were included in the mod-
els one at a time, if the Ramsey regression specification-
error test for omitted variables was significant [24]. The
final models were tested for heteroscedasticity [25], and
Huber—White standard errors were used to take hetero-
scedasticity into account [26]. Age, height and weight
were centred separately in males and females.

The reference equations for females and males were
calculated considering that the estimates of the coeffi-
cients have been obtained with centred variables.

We calculated the 5th percentile lower limit of nor-
mal (LLN) using the estimated reference equations for
6MWD; the calculated LLN is:

Predicted mean —1.645 % RSD

where RSD is the residual standard deviation of the esti-
mated regression [27].

Results

Out of the 701 subjects who completed the 6MW T, 171
were excluded as they exhibited disease-related features
negatively associated with 6MWD. In particular, the ini-
tial regression models detected the factors associated
with a reduced 6MWD: current smoking and diabetes.
Moreover, BMI was negatively associated with 6MWD.
Out of the 171 subjects, 133 (77.7%) were current smok-
ers, 17 (9.9%) reported diabetes and 35 (20.5%) had a
BMI value beyond the 95th percentile of the whole group
(Table 1). Reported cardiovascular diseases, arthritis,
cancer, hypertension, obstructive sleep apnoea syndrome
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Table 1 Number of subjects (% out of the number of excluded
subjects: 171) excluded from the healthy group for each variable
found to be negatively associated with the 6MWD

n (%)
Current smoking 133(77.7)
Reported diabetes 17 (9.9)
BMI>95th percentile 35(20.5)

One hundred and seventy-one participants were excluded; the difference with
the 185 given here is because some participants had more than one factor that
excluded them from the healthy subset

Table 2 Main characteristics of female and male subjects used
to determine reference values of GMWD (n = 530)

Females Males
n=287 n=243

Age, years

Mean (s.d.) 464 (10.9) 47.1(12.8)

Range 21.2-75.8 212-77.8
Height, cm

Mean (s.d.) 163.0 (6.5) 175.9 (6.7)

Range 146.0-186.0 156.0-192.0
Weight, Kg

Mean (s.d.) 61.7 (9.5) 786 (9.9)

Range 41.0-106.0 57.0-107.0
BMI

Mean (s.d.) 232(34) 254(2.8)

Range 16.9-31.2 17.6-31.6
Smoking habits, n (%)

Non smokers 216 (75.5) 137 (56.4)

Ex-smoker 70 (24.5) 106 (43.6)
Physically active, n (%) 119 (41.5) 112 (46.1)
6MWD, m

Mean (s.d.) 5814 (66.5) 608.7 (80.1)

Range 383.0-800.0 410.0-875.0
FEV1% predicted, %

Mean (s.d.) 103.7 (124) 104.5(11.4)

Range 77.3-166.9 80.6-159.9
FEV1/FVC, %

Mean (s.d.) 84.2 (6.1) 82.7 (6.6)

Range 70.1-103.7 66.9-103.8

and former smoking were not associated with the
6MWD.

The remaining 530 subjects were considered to deter-
mine the reference equations of 6MWD. Table 2 shows
their characteristics. The participants were distributed by
age range as follows: 155 (29.3%) were young (<39 yrs),
332 (62.6%) were middle-aged (40—64 yrs) and 43 (8.1%)
were elderly (65-78 yrs).
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Table 3 Regression coefficients, 95%Cl and p-value of the Linear
Regression Model for the outcome 6MWD - Females

B 95% Cl P
Age (years) —124 (=1.90, —0.58) <0.001
Height (cm) 161 (0.35,2.86) 0.012
Weight (kg) —0.99 (—1.70,—0.28) 0.006
Active vs not active 2258 (8 86,36.30) 0.001
Age? (years?) —0.10 (—0.14, —0.05) <0.001
Constant term 58348 (573 43,593.54) <0.001

R squared =0.2381. The regression model was estimated using centered
variables

Table 4 Regression coefficients, 95%Cl and p-value of the Linear
Regression Model for the outcome 6MWD - Males

[ 95%Cl p
Age (years) —1.72 (—2.60; —0.85) <0.001
Height (cm) 2.34 (0.64; 4.04) 0.007
Weight (kg) —045 (—167,0.77) 0466
Active vs not active —254 (=21 75; 16.66) 0.794
Age? (years?) —0.06 (—0.11;0.00) 0.042
Age*Height (years*cm) —-0.13 (—0.23; —0.03) 0.012
Constant term 615.18 (598.30; 632.07) <0.001

(R squared =0.1592). The regression model was estimated using centered
variables
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The linear regression model fitted to data for females
(n=287) is presented in Table 3. The interaction terms of
age and height and of age and weight were not included
in the current model (LRT: p=0.953 and p=0.873,
respectively). The model did not present evidence of
omitted variables (p=0.179) and the test for heterosce-
dasticity was not statistically significant (p =0.125).

The linear regression model fitted to data for males
(n=243) is presented in Table 4. Differently from
women, the interaction term of age and height was rel-
evant in the male model (LRT: p=0.025), while the inter-
action of age and weight was excluded (LRT: p=0.710).
The model with the interaction between age and height
did not present any evidence neither of incorrect speci-
fication (p=10.960) nor of heteroscedasticity (p=0.809).

Figure 1 shows the observed and adjusted marginal
mean 6MWD by age, and Fig. 2 by height and weight,
in females and in males separately. The adjusted mean
of 6MWD displayed a different trend by age according
to the height of subjects, in males (Fig. 3): taller subjects
showed greater average 6MWD but with an earlier and
faster decline with respect to shorter subjects.

Table 5 gives the sex-specific equations for prediction
of 6MWD. The R squared values of these models were
0.2381 in women and 0.1592 in men. The lower limit of
the normal range (LLN) for a subject may be calculated
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Fig. 3 Adjusted marginal mean 6MWD by age and height in males

by subtracting 122 or 96 m from the 6MWD value for
men and women, respectively.

Discussion

To our knowledge, this is one of the few studies eval-
uating 6MWD in a large general population cohort
of Caucasian healthy subjects, with one of the widest

age-range so far considered. We confirmed the impor-
tance of sex, age, height, weight as determinants of the
distance walked, and also showed that physical activ-
ity influences the results of the test. Furthermore, we
found evidence that the relationship between age and
the distance walked is not linear but is better repre-
sented adding a quadratic term, and an interaction
between age and height is present in males. Finally, we
propose new standard equations as reference for the
clinical practice.

In agreement with the previous studies, the average
6MWD was significantly different between sexes, with
men walking a greater distance than women. This could
be due to the fact that men are taller, have a greater abso-
lute muscle strength and mass, and may express a greater
aerobic power. As a novelty with respect to previous
studies, we found that the discrepancy between males
and females is not only related to the metres covered,
but it is also due to differences in the determinants of the
distance walked. Weight negatively affects the distance
travelled in females, but not in males; additionally, self-
reported physical activity appears to be associated with
6MWD only in women; finally, an interaction between
age and height was seen exclusively in men.
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Table 5 Reference equations for 6SMWD (m) in young, middle-aged and elderly healthy subjects

Predicted 6MWD? LLN®
Females
8.10%age + 1.61*height—0.99*weight 4 22.58*active—0.10*age’ +222.55 Subtract
96 mP
Males
26.80%age 4 8.46*height—0.45*weight—2 54*active—0.06*age’—0.13*age*height—890.18 Subtrabct
122m

Age is expressed in years, height is measured in centimeters (cm) and weight in Kilograms (Kg). Active is a dichotomous variable: its value is 1 when the subject is
physically active, it is 0 otherwise; subjects who performed physical activity with a frequency of “2-3 times a week” or more and with a duration of “about 1 h a week”

or more were classified as “active’, the remaining subjects as “not active”

@The reference equations for females and males presented in this table were calculated considering that the coefficient estimates were obtained with centered

variables

P LLN = predicted mean—1.645 * RSD, where RSD is the residual standard deviation of the estimated regression and —1.645 is the z-score used to detect if the
measured value of the 6MWD is lower than the 95% of the subjects with the same age, height, weight and level of physical activity

One of the factors affecting the 6MWD was age, a
result that has been observed in almost all previous stud-
ies. The negative influence of age is evident from around
40 years of age and appears to be even more important
as age increases, both in females and males. The progres-
sive reduction in skeletal muscle mass that occurs with
age [14], may justify these results. It should be noted
that lean mass (a marker of skeletal muscle mass, espe-
cially when measured in the limbs) presents a different
behaviour in the two sexes: in males it decreases from
50-60 years of age, in females tends to steadily increase,
albeit slightly [28]; these trends do not correspond to the
similar trajectories seen in our study in both sexes, indi-
cating that other age-related factors, such as progressive
loss of strength and increased prevalence of debilitating
diseases, may play a role.

A taller height is associated with a longer pass, which
may result in a longer distance travelled. Increased vital
capacity associated with higher stature is likely to con-
tribute to better performance of taller individuals. The
interaction of height with age, first documented in the
present study in males, is of interest. The subjects of
shorter stature appear to achieve the best physical per-
formance expressed by 6MWD between 55 and 60 years,
followed by a slow decline in the distance covered. The
taller subjects, on the other hand, have their best perfor-
mance at a younger age, around 20-30 years, but then the
functional decline is progressively faster until the per-
formance tends to be worse than the shorter individuals
after 65 years. The data in this study do not provide an
explanation for these results or for the fact that the inter-
action is only present in males. However, it is likely that
multiple factors such as differences in body composition,
in the mechanics of walking, may explain these find-
ings. Taking into account that physical performance is
a key contributor to late life mobility and independence
[29], the finding of a rapid functional decline in taller

individuals has practical implications, since early detec-
tion and treatment of functional derangement may play
a crucial role in delaying the onset of functional impair-
ment and physical disability [30].

Overweight and obesity increase the workload for a
certain amount of exercise, thus explaining the shorter
distance travelled by women with higher body weight.
There was no relationship between walking distance and
weight in men, in agreement with the data reported by
Zou et al. [11]. Although there is no definitive explana-
tion for this, we speculate that this may be due to the
different body composition. Particularly, the lower lean
mass in women (which is a marker of muscle mass [28]),
would make them less tolerant of the weight-related
increase in load. An alternative hypothesis is that gender
differences in body fat distribution may lead to decreased
gait efficiency in females [31]. The significant contribu-
tion of weight is in partial agreement with the findings
of Enright [14], Trooster [8], Casanova [12], Zou [11],
Oliveira [13], suggesting that when 6MWDs are reported
in future studies, they should also be corrected for
weight.

Physiology studies have shown that physical exercise
is positively related to muscle strength, whereas a seden-
tary lifestyle alter muscle mass, metabolism and function
[32]. Moreover, previous work has shown a relationship
between physical activity and physical performance [33,
34]. Particularly, Hall et al. [35] reported that poor per-
formance during the 6-min walk was significantly asso-
ciated with reduced physical activity in a study of 775
individuals aged 30-90 years. Our finding of effect of
self-reported physical activity on the 6MWD is consist-
ent with these results [35] and those by Zou et al. [11],
but it is in contrast with other studies that failed to dem-
onstrate this association [7, 9, 12].

The same variables were considered for consistency
in the reference equations of 6MWD for both sexes,
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even if weight and physical activity were not statisti-
cally significant in males. It is possible that we failed
to consider other potential sources of variability. One
source of variance may be the different attitudes and
the mood of the participants [36, 37]. The speed of
habitual walking and other aspects related to the moti-
vation of the subject and/or the assessor [12] may also
have influenced the distance covered. Furthermore,
it is possible that the anthropometric variables meas-
ured may not include all the anthropometric informa-
tion necessary to explain variability in the 6MWD. For
example, lean body mass, a parameter known to pre-
dict exercise capacity in healthy subjects, has not been
measured [38].

Several published studies have provided 6MWD pre-
diction equations for healthy adults [8, 11-14]. These
studies examined a wide range of populations and meth-
odologies, making it difficult to compare our results with
those of other studies. We compared our results with
those of Enright and Sherrill [14], a study similar to our
own as conducted in a large general population sample,
although with a smaller age range of participants. If we
consider only subjects over 40 years of age, Enright and
Sherrill equations underestimate the 6MWD in our
sample by 6 m in females and overestimate it by 13 m in
males.

The strength of the study is that participants were a
large sample from the general population, represented all
age groups and were well balanced by sex.

We need to acknowledge the limits of the study. The
reference curves, although spanning a wide age range,
cannot be used in non-Caucasian subjects and in subjects
over 78 and 76 years of age for males and females, respec-
tively. However, this range is the age at which the vast
majority of the patients with cardiopulmonary patholo-
gies manifest their illnesses. We did not measured the
AHR (the difference between hearth rate at the end of the
test and HR at rest), a parameter representing the level
of effort the subject expends during the test [11] and
that has been reported to be positively associated to the
6MWD [13].

The final regression equations explained 24% and 16%
of the variance in the 6MWD for females and males,
respectively. These values are not particularly high, but
the use of R squared as a measure of goodness of fit is
highly controversial. In particular, Hanushek and Jackson
[39] advise extreme caution when comparing R squared
from different samples. With the aim of evaluating the
fitting of our models to data, we considered it more
important to check whether the models were misspeci-
fied through the Ramsey test and to assess whether the
assumptions of linear regression (normally distributed
errors with constant variance) had been met.
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Finally, we recognise that higher values may be
expected from individuals who have previously per-
formed a 6-min walk test as a result of the learning
effect when the test is performed on two consecutive
occasions [40]. However, this effect is not crucial when
determining a cross-sectional relationship or when uti-
lizing the results as a baseline predictor of future event.

Conclusion

The present study was the first to describe the 6MWD
in a large population sample of young, middle aged and
elderly healthy Caucasian subjects and to formulate a
predictive equation, thus contributing to improve the
evaluation of European patients with diseases affect-
ing their functional capacity. Age, sex, height, weight
and physical activity with age-to-weight interaction in
males, were the predictors of the 6MWD.

Abbreviations

6MWD: Six-minute walking distance; 6MWT: Six-minute walking test; BMI:
Body mass index; GEIRD: Gene Environment Interaction in Respiratory Dis-
eases; LLN: Lower limit of normal; LRT: Likelihood ratio test.

Acknowledgements
We wish to thank all members participating in the GEIRD study, our research is
based on the underlying research conducted by their hard work.

Authors’ contributions

LC, MEZ and MF conceived and designed the study. LC, MEZ, MO, GV and MF
contributed to the data collection. LC performed the statistical analysis. LC,
MEZ, GD and MF drafted the manuscript. LC, MEZ, GD, PF, LGDC, EC, MAA,
MO, GV and MF contributed to the interpretation of data, revised the paper
critically for important intellectual content and approved the version to be
published. All authors read and approved the final manuscript.

Funding

The GEIRD study was funded by the Cariverona foundation (Bando 2006),
the Italian Ministry of Health (RF-2009-1471235), Chiesi Farmaceutici SpA,
and the Agenzia Italiana del Farmaco (AIFA). The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Availability of data and materials

The deidentified participant data are available upon reasonable request. The
contact for this request is the corresponding author, and the request will be
forwarded to the Steering Committee of the GEIRD study that will evaluate
the request and decide whether to approve it.

Declarations

Ethics approval and consent to participate

The study procedures were approved by the by the responsible ethics com-
mittee, Comitato Etico per la Sperimentazione dell’Azienda Ospedaliera Istituti
Ospitalieri di Verona (Prot. n.10244/2007). Written informed consent was
obtained from each participant.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Cazzoletti et al. Respiratory Research

(2022) 23:83

Author details

'Unit of Epidemiology & Medical Statistics, Department of Diagnostics

and Public Health, University of Verona, Strada Le Grazie, 8, 37134 Verona, Italy.
2School of Medicine in Sports and Exercise, Department of Medicine, Univer-
sity of Verona, Verona, Italy. *Department of Medicine, Respiratory Medicine
Unit, University of Verona and Azienda Ospedaliera Universitaria Integrata

of Verona, Verona, Italy. *Department of Epidemiology, School of Public Health,
Mekelle University, Mekelle, Tigray, Ethiopia. *Unit of Occupational Medicine,
Department of Diagnostics and Public Health, University of Verona, Verona,

Italy.

Received: 18 March 2021 Accepted: 23 March 2022
Published online: 05 April 2022

References

1.

Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor DW,
Berman LB. The 6-minute walk: a new measure of exercise capacity in
patients with chronic heart failure. Can Med Assoc J. 1985;132:919-23.
Butland RJA, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-, six-, and
12-minute walking tests in respiratory disease. Br Med J. 1982;284:1607-8.
Solway S, Brooks D, Lacasse Y, Thomas S. A qualitative systematic over-
view of the measurement properties of functional walk tests used in the
cardiorespiratory domain. Chest. 2001;119:256-70.

Cahalin L, Pappagianopoulos P, Prevost S, Wain J, Ginns L. The relationship
of the 6-min walk test to maximal oxygen consumption in transplant
candidates with end-stage lung disease. Chest. 1995;108:452-9.

Kadikar A, Maurer J, Kesten S. The six-minute walk test: a guide to assess-
ment for lung transplantation. J Heart Lung Transplant. 1997;16:313-9.
Chetta A, Zanini A, Pisi G, Aiello M, Tzani P, Neri M, Olivieri D. Reference
values for the 6-min walk test in healthy subjects 20-50 years old. Respir
Med. 2006;100:1573-8.

Gibbons WJ, Fruchter N, Sloan S, Levy RD. Reference values for a multiple
repetition 6-minute walk test in healthy adults older than 20 years. J
Cardiopulm Rehabil Prev. 2001,21:87.

Troosters T, Gosselink R, Decramer M. Six minute walking distance in
healthy elderly subjects. Eur Respir J. 1999;14:270-4.

Camarri B, Eastwood PR, Cecins NM, Thompson PJ, Jenkins S. Six minute
walk distance in healthy subjects aged 55-75 years. Respir Med.
2006;100:658-65.

Britto RR, Probst VS, de Andrade AFD, Samora GAR, Hernandes NA,
Marinho PEM, Karsten M, Pitta F, Parreira VF. Reference equations for the
six-minute walk distance based on a Brazilian multicenter study. Brazilian
JPhys Ther. 2013;17:556-63.

Zou H, Zhu X, Zhang J, Wang Y, Wu X, Liu F, Xie X, Chen X. Reference
equations for the six-minute walk distance in the healthy Chinese popu-
lation aged 18-59 years. PLoS One. 2017;12:e0184669.

Casanova C, Celli BR, Barria P, Casas A, Cote C, de Torres JP, Jardim J, Lopez
MV, Marin JM, de Oca MM, Pinto-Plata V, Aguirre-Jaime A. The 6-min walk
distance in healthy subjects: reference standards from seven countries.
Eur Respir J. 2011;37:150-6.

Oliveira MJ, Margoa R, Moutinho J, Oliveira P, Ladeira |, Lima R, Guimaraes
M. Reference equations for the 6-minute walk distance in healthy Portu-
guese subjects 18-70 years old. Pulmonology. 2019;25:83-9.

Enright PL, Sherrill DL. Reference equations for the six-minute walk in
healthy adults. Am J Respir Crit Care Med. 1998;158:1384-7.

Marcon A, Girardi P, Ferrari M, Olivieri M, Accordini S, Bombieri C, Bortol-
ami O, Braggion M, Cappa V, Cazzoletti L, Locatelli F, Nicolis M, Perbellini
L, Sembeni S, Verlato G, Zanolin ME, de Marco R. Mild asthma and chronic
bronchitis seem to influence functional exercise capacity: a multi-case
control study. Int Arch Allergy Immunol. 2013;161:181-8.

de Marco R, Accordini S, Antonicelli L, Bellia V, Bettin MD, Bombieri C,
Bonifazi F, Bugiani M, Carosso A, Casali L, Cazzoletti L, Cerveri |, Corsico AG,
Ferrari M, Fois AG, Lo Cascio V, Marcon A, Marinoni A, Olivieri M, Perbellini
L, Pignatti P, Pirina P, Poli A, Rolla G, Trabetti E, Verlato G, Villani S, Zanolin
ME. The gene-environment interactions in respiratory diseases (GEIRD)
project. Int Arch Allergy Immunol. 2010;152:255-63.

de Marco R, Cappa V, Accordini S, Rava M, Antonicelli L, Bortolami O,
Braggion M, Bugiani M, Casali L, Cazzoletti L, Cerveri |, Fois AG, Girardi P,
Locatelli F, Marcon A, Marinoni A, Panico MG, Pirina P, Villani S, Zanolin ME,

20.

21

22.

23.

24

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35

36.

37.

38.

39.

Page 8 of 9

Verlato G.Trends in the prevalence of asthma and allergic rhinitis in Italy
between 1991 and 2010. Eur Respir J. 2012;39:883-92.

. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo

R, Enright P, van der Grinten CPM, Gustafsson P, Jensen R, Johnson DC,
Maclntyre N, McKay R, Navajas D, Pedersen OF, Pellegrino R, Viegi G,
Wanger J. Standardisation of spirometry. Eur Respir J. 2005,26:319-38.

. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, Enright PL,

Hankinson JL, Ip MSM, Zheng J, Stocks J. Multi-ethnic reference values
for spirometry for the 3-95-yr age range: the global lung function 2012
equations. Eur Respir J. 2012;40:1324-43.

Shaaban R, Leynaert B, Soussan D, Anto JM, Chinn S, de Marco R, Garcia-
Aymerich J, Heinrich J, Janson C, Jarvis D, Sunyer J, Svanes C, Wjst M,
Burney PG, Neukirch F, Zureik M. Physical activity and bronchial hyperre-
sponsiveness: European Community Respiratory Health Survey Il. Thorax.
2007;62:403-10.

Booth ML. The reliability and validity of the physical activity questions in
the WHO health behaviour in schoolchildren (HBSC) survey: a population
study. Br J Sports Med. 2001;35:263-7.

HolmenTL, Barrett-Connor E, Clausen J, Holmen J, Bjermer L. Physical
exercise, sports, and lung function in smoking versus nonsmoking ado-
lescents. Eur Respir J. 2002;19:8-15.

ATS Committee on Proficiency Standards for Clinical Pulmonary Func-
tion Laboratories. ATS Statement. Am J Respir Crit Care Med. 2002; 166:
111-117.

Ramsey JB. Tests for specification errors in classical linear least-squares
regression analysis. J R Stat Soc Ser B. 1969;31:350-71.

Breusch TS, Pagan AR. A simple test for heteroscedasticity and random
coefficient variation. Econometrica. 1979;47:1287-94.

Over A, Jolliffe D, Foster A. Huber correction for two-stage least squares
estimates. Stata Tech Bull. 1996; 5.

Culver BH. How should the lower limit of the normal range be defined?
Respir Care. 2012;57:136-45.

Ofenheimer A, Breyer-Kohansal R, Hartl S, Burghuber OC, Krach F, Schrott
A, Wouters EFM, Franssen FME, Breyer M-K. Reference values of body
composition parameters and visceral adipose tissue (VAT) by DXA in
adults aged 18-81 years—results from the LEAD cohort. Eur J Clin Nutr.
2020;74:1181-91.

Pahor M, Guralnik JM, Ambrosius WT, Blair S, Bonds DE, Church TS,
Espeland MA, Fielding RA, Gill TM, Groess| EJ, King AC, Kritchevsky SB,
Manini TM, Mcdermott MM, Miller ME, Newman AB, Rejeski WJ, Sink KM,
Williamson JD. Effect of structured physical activity on prevention of
major mobility disability in older adults the life study randomized clinical
trial. JAMA. 2014;311:2387.

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I-M,
Nieman DC, Swain DP. Quantity and quality of exercise for developing
and maintaining cardiorespiratory, musculoskeletal, and neuromotor fit-
ness in apparently healthy adults. Med Sci Sport Exerc. 2011;43:1334-59.
Kuk JL, Lee S, Heymsfield SB, Ross R. Waist circumference and abdominal
adipose tissue distribution: influence of age and sex. Am J Clin Nutr.
2005;81:1330-4.

Coggan AR, Abduljalil AM, Swanson SC, Earle MS, Farris JW, Mendenhall
LA, Robitaille PM. Muscle metabolism during exercise in young and older
untrained and endurance-trained men. J Appl Physiol. 1993;75:2125-33.
Stenholm S, Koster A, Valkeinen H, Patel KV, Bandinelli S, Guralnik JM, Fer-
rucci L. Association of physical activity history with physical function and
mortality in old age. J Gerontol Ser A Biol Sci Med Sci. 2016,71:496-501.
Hall KS, Howe CA, Rana SR, Martin CL, Morey MC. METs and accelerom-
etry of walking in older adults. Med Sci Sport Exerc. 2013;45:574-82.

Hall KS, Cohen HJ, Pieper CF, Fillenbaum GG, Kraus WE, Huffman KM,
Cornish MA, Shiloh A, Flynn C, Sloane R, Newby LK, Morey MC. Physical
performance across the adult life span: correlates with age and physical
activity. J Gerontol Ser A Biol Sci Med Sci. 2016;72:glw120.

King B, Cotes JE. Relation of lung function and exercise capacity to mood
and attitudes to health. Thorax. 1989;44:402-9.

Morgan AD, Peck DF, Buchanan DR, McHardy GJ. Effect of attitudes and
beliefs on exercise tolerance in chronic bronchitis. BMJ. 1983;286:171-3.
Jones NL, Makrides L, Hitchcock C, Chypchar T, McCartney N. Normal
standards for an incremental progressive cycle ergometer test. Am Rev
Respir Dis. 1985;131:700-8.

Hanushek EA, Jackson JE. Statistical methods for social scientists. Amster-
dam: Elsevier; 1977.



Cazzoletti et al. Respiratory Research (2022) 23:83

40. Leach RM, Davidson AC, Chinn S, Twort CHC, Cameron IR, Bateman NT.

Portable liquid oxygen and exercise ability in severe respiratory disability.

Thorax. 1992;47:781-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Six-minute walk distance in healthy subjects: reference standards from a general population sample
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study population
	Procedures
	Definition of the healthy group and statistical method

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


