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BACKGROUND: Cystic fibrosis is a multi-systemic disease related to reduced functional capacity.
The distance covered in the 6-min walk test (6MWT) has been known to assess functional capacity,
but little is known about other indexes that can be derived. We sought to compare the performance
during the 6MWT and the estimated indexes of functional capacity from the 6MWT between
subjects with cystic fibrosis (CF) and healthy individuals as well as to assess the relationship among
these indexes and disease severity, pulmonary function, and nutritional status in CF. METHODS:
This cross-sectional study was carried out at a university referral center for CF. It included a group
of 55 non-oxygen-dependent CF subjects (CF group) with no acute pulmonary exacerbations and
a group of 185 healthy controls (control group). All subjects were submitted to 6MWT and an-
thropometrics measurements. RESULTS: Regarding performance during the 6MWT, the mean
values of work, physiological cost index, average velocity, and 6-min walk distance (6MWD) were
significantly lower in the CF group than in the control group (work: 21,690.58 � 10,427.77 vs
26,057.51 � 11,228.49 m � kg [P � .007]; physiological cost index: 0.31 � 0.19 vs 0.37 � 0.17;
average velocity: 94.71 � 12.89 vs 104.55 � 9.13 m/min [P < .001]; and 6MWD: 568.02 � 76.31 m
versus 627.54 � 54.81 m [P < .001]). Subjects with less severe CF had higher 6MWD, work, and
average velocity during the 6MWT, compared with subjects with more severe CF (P � .008, P �
.012, and P � .007, respectively). There was a correlation between 6MWD, work, average velocity,
and disease severity and pulmonary function. CONCLUSIONS: Considering the importance of
standard measure (6MWD) the in 6MWT, alternative indexes can be useful as complementary
outcomes and to provide a better understanding of limiting factors of exercise response in children
and adolescents with CF. Key words: cystic fibrosis; exercise test; exercise tolerance; exercise. [Respir
Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Cystic fibrosis (CF) is a multi-systemic genetic disease,
which follows an autosomal recessive pattern of inheri-

tance. Its clinical manifestations and severity of symptoms
may vary considerably from one patient to another.1

The disease mainly affects the respiratory and digestive
tracts. Thus, there are both deterioration in nutritional sta-
tus and irreversible loss of lung function, which cause
individual severe physical limitations and are directly re-
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Higher levels of aerobic fitness are associated with im-
proved survival.3,4 Therefore, valid and reliable tests to
assess cardiorespiratory response are of the utmost impor-
tance. They will help to determine the functional status,
evolution, and prognosis of patients with CF as well as
providing guidance for prescribing individualized physical
activity programs.5

The 6-min walk test (6MWT) assesses responses to
submaximal exercise. It has been increasingly used in
clinical trials, mainly in cases of cardiopulmonary con-
ditions, such as CF, where the patient’s exercise capac-
ity and physical activity level can be limited.6 It is
indicated for functional capacity evaluations, epidemi-
ologic research, monitoring of effectiveness of inter-
ventions, and prognosis by predicting morbidity and
mortality.7 The 6MWT is also considered an inexpen-
sive tool as well as an easily reproducible test in out-
patient settings with good measures of reliability and of
great importance in clinical practice.8

Furthermore, the 6MWT is well-recognized and com-
monly used in clinical and functional monitoring of pa-
tients with CF. The 6MWT follows up on the development
of the disease and does not require either expensive equip-
ment or a trained multidisciplinary team.9

The 6-min distance walked (6MWD) has routinely been
used to assess submaximal functional capacity in adults.6,8

However, interpretation of results of 6MWTs conducted in
the pediatric population has proved to be more difficult.
Major reasons include great variability of anthropometric
characteristics of the population, lack of reference values
for this age group, and lack of a specific minimum differ-
ence of 6MWD, which enables the prediction of clinical
improvement after different interventions and provides lim-
ited interpretation of test results.

Therefore, alternative indexes have been proposed to
assess physical performance (ie, 6-min walk work,10,11

average velocity during the test,12 and physiological
cost index).13-15 They were created to assess exercise
response, considering other determining factors involved
in exercise tolerance and elements that affect it. These
indexes can be easily obtained from variables of the
6MWT and provide additional information on exercise
tolerance assessment of patients with CF, mainly in the
pediatric population.

In this context, the objective of this study was to com-
pare the 6MWD between subjects with CF and healthy
individuals, considering the estimated indexes of func-
tional capacity from the 6MWT (work, average velocity,
and physiological cost index). Furthermore, it aimed to
assess the relationship of these variables with disease se-
verity, pulmonary function, and nutritional status in chil-
dren and adolescents with CF.

Methods

This cross-sectional study was carried out with a group
of subjects with CF (the CF group) regularly monitored in
the CF out-patient unit at a university referral hospital
from March 2009 to March 2011.

The project was approved by the research ethics
committee of the Faculty of Medical Sciences
(FCM/UNICAMP), under protocol number 504/2008. Be-
fore starting the study, all participants �18 y old were
informed of the study and signed an informed consent
document. For subjects �18 y old, the informed consent
document was signed by the minor�s parent or guardian.

Subjects age 6–18 y with a confirmed diagnosis of CF
by compatible clinical manifestation and 2 altered sweat
tests (sweat chloride concentration �60 mEq/L) and/or the
presence of 2 cystic fibrosis transmembrane regulator gene
mutations were included in the study. Individuals with
acute pulmonary exacerbations according to the cystic fi-
brosis clinical score (�25)16 and the cystic fibrosis foun-
dation score (�4)17 and patients receiving long-term ox-
ygen therapy were excluded from the study. All children
and adolescents between 6 and 18 y old treated in the
out-patient clinic at the hospital were invited to participate
in the study. Data were collected before the routine ap-
pointments.

The control group included students from public and
private elementary schools and volunteers between 6 and
18 y old, non-smokers, non-athletes without a previous
history of respiratory diseases, and individuals with ortho-
pedic impairments.

QUICK LOOK

Current knowledge

The distance covered during the 6-min walk test
(6MWT) has been routinely used to assess submaximal
functional capacity. In pediatric patients with cystic fi-
brosis, however, the interpretation of this measure is
limited, mainly by the variability of anthropometric out-
comes and lack of references values. Alternative in-
dexes easily estimated from 6MWT variables have been
proposed to assess other determining factors involved
in exercise tolerance and elements that affect it.

What this paper contributes to our knowledge

Alternative indexes of functional capacity obtained by
6MWT were useful as complementary parameters to
provide a better understanding of limiting factors of
exercise response in children and adolescents with cys-
tic fibrosis.

ALTERNATIVE INDEXES TO THE 6MWT IN SUBJECTS WITH CF

2 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on January 03, 2017 as DOI: 10.4187/respcare.04625

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



First, anthropometric measurements (weight and height)
were taken, and the body mass index (BMI) was calculated
according to the standards of the Center for Disease Con-
trol, considering sex and age (BMI for age percentiles for
boys and girls). A stadiometer was used for measuring
height. Anthropometric measures were taken, and the mod-
ified Shwachman scoring system18,19 was also applied to
the CF group.20 The modified Shwachman scoring system
evaluated general activity, physical examination, nutrition,
and radiological findings, with a range from 20 to 100
points. The subjects were divided into the following groups:
severe (score �40), moderate (40–55), average (56–70),
good (71–85), and excellent (86–100). Then the 6MWT
was performed in compliance with the recommendations
of the American Thoracic Society.8 During the test, the
following items were assessed: heart rate, breathing fre-
quency, oxygen saturation (using a portable pulse oxime-
ter [Oximed Plus, Oximed, Porto Alegre, Brazil]), and the
subjective sensation of dyspnea by the Borg scale.8 All
participants repeated the 6MWT after 30 min of rest. The
6MWD of both groups was compared with age-predicted
values, according to Priesnitz et al21 (Fig. 1).

The functional performance variables were obtained
from the 6MWD. The 6-min walk work was calculated
using the equation, work � 6MWD (m) � body weight
(kg).10,11 Average velocity (m/min) was equal to 6MWD
divided by the test duration (6 min).12 The physiological
cost index was calculated by the difference between rest-
ing heart rate value and heart rate at the end of the test,
divided by average velocity (m/min), and expressed as
heart rate/m/min (physiological cost index � final heart
rate � initial heart rate/average velocity).13-15 The sample
selection and how the data collection was done are sum-
marized in Figure 2.

The most recent spirometry test performed in the last
3 months before the completion of the 6MWT was as-
sessed to characterize lung function in the CF group. The
FEV1 was expressed as the percentage of the predicted
value.22 The subjects were grouped according to the per-
centage of the predicted value into 4 subgroups, namely
�80% of predicted value, 60–80%, 40–59%, and �40%.
All spirometry tests were performed at the Pulmonary Func-
tion Laboratory of the Faculty of Medical Science (State
University of Campinas, Campinas, Brazil), using a
CPFS/D spirometer (Medical Graphics, Saint Paul, Min-
nesota) and following American Thoracic Society norms.23

Information about the presence of gene mutations and his-
tory of pancreatic insufficiency was collected from all sub-
jects.

The sample size was planned, considering all eligible
patients of a CF reference center to accommodate a ratio
of at least 2 controls per CF subject. SPSS 16.0 (SPSS,
Chicago, Illinois) was used for the analysis of the data.
First, the Kolmorov-Smirnov and Shapiro-Wilk tests were
applied to check whether the data were normally distrib-
uted as well as to assess symmetry, kurtosis, and data
distribution by histogram. Next, the Mann-Whitney test
was used to compare the performance of alternative in-
dexes of the 6MWT between the CF group and the control
group and to compare the 6MWD of each group in relation
to age-predicted values. The Kruskal-Wallis test was used
to analyze the CF group behavior according to the alter-
native indexes of disease severity and FEV1. The Spear-
man test was used to investigate correlations between the
variables of 6MWD, work, average velocity, physiological
cost index, BMI, and scores of the modified Shwachman
scoring system and FEV1 in the CF group. The signifi-
cance level considered was 5% for all tests.

Fig. 1. Correlations between modified Shwachman score, FEV1, work, 6-min walk distance (6MWD), and average velocity in the cystic
fibrosis group.
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Results

A total of 168 patients were monitored at the CF out-
patient unit. Ninety-six were eligible for the research. Of
these, 41 individuals were excluded due to the following
reasons: 15 declined the invitation, 12 had pulmonary ex-
acerbations, 10 missed appointments, and 4 were receiving
oxygen therapy. Therefore, 240 individuals were included
in the total sample, 55 subjects in the CF group and 185
healthy individuals in the control group (see Fig. 2).

Table 1 presents the general characteristics of the CF
group in relation to sex, BMI, pancreatic insufficiency,
modified Shwachman score, gene mutation, and lung func-
tion (FEV1 according to the predicted value). There was no
significant difference between the CF group and the control
group regarding weight (37.32 � 15.47 vs 41.61 � 18.04 kg,
P � .09), height (1.42 � 0.19 vs 1.45 � 0.17 m, P � .36),

BMI (17.36 � 3.13 vs 18.64 � 3.95 kg/m2, P � .057), and
age (12.22 � 4.27 vs 11.25 � 4.30 y, P � .09), respectively.

Regarding performance during the 6MWT, the average
values of work, physiological cost index, average velocity,
and 6MWD were significantly lower in the CF group com-
pared with the control group, as follows: work:
21,690.58 � 10,427.77 versus 26,057.51 � 11,228.49 m �
kg (P � .007); physiological cost index: 0.31 � 0.19 ver-
sus 0.37 � 0.17 heart rate/m/min (P � .013); average
velocity: 94.71 � 12.89 vs 104.55 � 9.13 m/min (P � .001);
and 6MWD: 568.02 � 76.31 versus 627.54 � 54.81 m
(P � .001) (Table 2). The CF group walked less than
predicted, whereas the control group walked a suitable
distance (568.0 � 76.3 vs 624.0 � 72.2 m in the CF group
with P � .001, and 627.5 � 54.8 vs 616.1 � 58.3 m in the
control group with P � .19).

Table 3 shows that 6MWD, work, and average velocity
during the 6MWT were higher in subgroups of subjects
with less severe disease (excellent and good), compared
with the groups of subjects with more severe disease (av-
erage and moderate) according to the modified Shwach-
man scoring system (P � .008, P � .012, and P � .007,
respectively). There was no significant difference between

Fig. 2. Flow chart and data collection. 6MWT � 6-min walk test;
HR � heart rate (beats/min); Frequency � breathing frequency
(breaths/min); SaO2

� arterial oxygen saturation; 6MWD � 6-min
walk distance; AV � average velocity; PCI � physiological cost
index.

Table 1. General Characteristics of the Subjects With Cystic
Fibrosis

Characteristics n (%)

Sex
Female 33 (60.0)
Male 22 (40.0)

BMI category
Underweight 14 (25.5)
Normal or Healthy Weight 35 (63.6)
Overweight 5 (9.1)
Obese 1 (1.8)

Pancreatic insufficiency
Yes 44 (80.0)
No 11 (20.0)

Shwachman severity score (20–100)
Excellent (86–100) 4 (7.3)
Good (71–85) 29 (52.7)
Average (56–70) 14 (25.5)
Moderate (40–55) 4 (7.3)

Gene mutation
	F508 homozygous 17 (30.9)
	F508 heterozygous 27 (49.1)
Unidentified 11 (20.0)

FEV1, % predicted
�80 19 (34.5)
60–80 19 (34.5)
40–59 8 (14.5)
�40 2 (3.6)

BMI � body mass index, categories according to the Centers for Disease Control and
Prevention.
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mean levels of physiological cost index in the different
severity subclasses (P � .95). In the analysis of spiromet-
ric data of FEV1, there was no difference between the
mean values of 6MWD, work, physiological cost index,

and average velocity, considering the disease severity by
predicted FEV1 of the CF group (Table 4).

BMI, modified Shwachman score, and FEV1 of the CF
group did not show any correlation with physiological cost
index (r � 0.20, P � .14; r � 0.06, P � .60; and r � 0.14,
P � .32, respectively), but all outcomes were correlated
with work (r � 0.82, P � .001; r � 0.30, P � .02; and
r � 0.83, P � .001). 6MWD was not correlated with BMI
(r � 0.20, P � .14) but with modified Shwachman score
(r � 0.28, P � .040) and with FEV1 (r � 0.43, P � .01).
Average velocity was correlated with modified Shwach-
man score (r � 0.31, P � .02) and with FEV1 (r � .43,
P � .01) but not with BMI (r � .20, P � .14). In the
control group, only BMI was correlated with work
(r � 0.866, P � .01).

Discussion

The identification of alternative variables to assess the
functional capacity of patients with chronic diseases, es-
pecially cystic fibrosis, is a topic of great clinical rele-
vance. Decreased ability to perform physical exercises is
one of the major characteristics of cardiopulmonary dis-
eases such as CF.24 Some patients experience exercise

Table 2. Distribution of the Values of Work, Physiological Cost
Index, Average Velocity, and 6MWD

Mean � SD P*

Work .007
CF (n � 55) 21,690.58 � 10,427.77
Control (n � 185) 26,057.51 � 11,228.49

PCI .01
CF (n � 55) 0.31 � 0.19
Control (n � 185) 0.37 � 0.17

AV �.001
CF (n � 55) 94.71 � 12.89
Control (n � 185) 104.55 � 9.13

6MWD, m �.001
CF (n � 55) 568.02 � 76.31
Control (n � 185) 627.54 � 54.81

PCI � physiological cost index (heart rate/m/min)
AV � average velocity (m/min)
6MWD � 6-min walk distance (m)
CF � cystic fibrosis
* P using nonparametric Mann-Whitney test.

Table 3. Distribution of 6MWD, Work, PCI, and AV, According to
the Disease Severity Determined by Shwachman Score in
the CF Group

Shwachman Score* n Mean � SD P†

6MWD .008
Excellent 4 704.10 � 90.12
Good 29 563.81 � 60.02
Average 14 554.24 � 79.32
Moderate 4 496.00 � 45.69

Work, m � kg .012
Excellent 4 39,005.40 � 10,204.14
Good 29 21,147.09 � 8,489.83
Average 14 18,295.94 � 9,063.18
Moderate 4 13,781.17 � 5,474.94

PCI .95
Excellent 4 0.33 � 0.10
Good 29 0.30 � 0.17
Average 14 0.32 � 0.25
Moderate 4 0.37 � 0.28

AV .007
Excellent 4 117.35 � 15.02
Good 29 94.45 � 9.42
Average 14 91.66 � 14.43
Moderate 4 82.28 � 8.40

PCI � physiological cost index (heart rate/m/min)
AV � average velocity (m/min)
6MWD � 6-min walk distance
SD � standard deviation
* Modified Shwachman score (moderate � 40–55; average � 56–70; good � 71–85;
excellent � 86–100).
† P using the nonparametric Kruskal-Wallis test.

Table 4. Distribution of CD, Work, PCI, and AV, According to
Percentage of Predicted FEV1 in the CF Group

% Predicted FEV1 n Mean � SD P*

6MWD, m .23
�80 19 590.93 � 74.53
60–80 19 574.14 � 86.3
40–59 8 562.47 � 70.12
�40 2 540.00 � 42.42

Work, m � kg .82
�80 19 21,211.34 � 9,984.65
60–80 19 20,324.44 � 11,149.02
40–59 8 22,003.72 � 7,261.10
�40 2 22,792.50 � 1,219.75

PCI .42
�80 19 0.33 � 0.19
60–80 19 0.25 � 0.21
40–59 8 0.36 � 0.18
�40 2 0.42 � 0.16

AV, m/min .30
�80 19 98.48 � 12.42
60–80 19 91.41 � 14.74
40–59 8 93.53 � 12.13
�40 2 90.00 � 7.07

PCI � physiological cost index (heart rate/m/min)
AV � average velocity
CD � cover distance
6MWD � 6-min walk distance (m)
6MWT � 6-min walk test
* P using nonparametric Kruskal-Wallis test.
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limitations due to changes in pulmonary function, periph-
eral muscles, nutritional status, and the ability of the car-
diorespiratory system to meet the metabolic demand asso-
ciated with exercise.25,26 Chronic pulmonary infection and
poor adherence to treatment play an important role in the
progression of exercise intolerance in CF.4,27

The physiological effects of fibrocystic diseases are sim-
ilar to those of cardiovascular deconditioning, namely re-
duced cardiovascular function, loss of muscle mass, and
decreased muscular strength. Furthermore, patients with
CF are often physically inactive due to chronic pulmonary
conditions, which considerably increase health risks.28

Some studies have reported an association between aero-
bic capacity and the clinical status of children with CF and
considered such association as a predictor of survival.29,30

Assessing fitness and exercise tolerance in CF may be
useful to measure the impact of the disease, especially
when performed on a routine basis. It can be used to
identify individual functional limitations as well as to por-
tray the impact of the disease on daily activities and qual-
ity of life. Exercise tolerance testing can also add prog-
nostic information about the disease and help in prescribing
safe exercise. Finally, it is considered as an outcome mea-
sure to assess response to therapies.31

In this context, constant monitoring of exercise capacity
in this population is necessary, as well as the investigation
of several factors that contribute to exercise limitation. In
this way, appropriate interventions can be conducted to
avoid the decline of functional capacity and the conse-
quences of disease evolution.31

The 6MWT is a simple method to estimate the submaxi-
mal exercise capacity. It is well tolerated by patients with
chronic diseases and has significant correlation with max-
imum oxygen uptake, for providing important data to mon-
itor CF evolution as well as for its role as an indicator of
the effect of new therapies and a guide to disease man-
agement.32,33

The 6MWD presented as an important standard measure
to assess submaximal exercise tolerance. The use of addi-
tional parameters can also help professionals regarding the
analysis of functional capacity of patients with CF.

Therefore, in addition to 6MWD, this study assessed
work, average velocity, and physiological cost index using
the 6MWT variables. This study also identified functional
impairment among subjects with CF more accurately, sup-
porting scientific assertions of inactivity, deconditioning,
and low exercise tolerance of these patients.2,9,28,31 These
indexes bring additional information to assess functional
exercise capacity, especially when the conventional mea-
surement of submaximal exercise capacity (measured by
6MWD) may not be sufficient.

The search for alternative indexes has proved valid, yet
the 6MWD has been considered inconsistent, despite its
reliability and validity for the investigation of functional

capacity, when compared with other measures to deter-
mine functional capacity, morbidity, and mortality.10 Some
factors that interfere with 6MWD and ambulation may
explain this deficiency, such as the influence of anthropo-
metric factors (height and weight), sex, age, lung function,
ethnicity, and length of the lower limbs.10 This factors
promote major influence in the pediatric population, be-
came the interpretation more difficult.

Moreover, 6MWD is often monitored to assess clinical
changes resulting from treatment. Its analysis is based on
a minimum difference, where a minimum distance gain
indicates positive therapeutic effect. In COPD, a mean
change of 25–35 m has been reported as a clinically im-
portant change.34,35 In CF, this framework is still non-
existent. Therefore, studies that use the 6MWT as an eval-
uation tool will consider only the increase or decrease of
6MWD, without trying to determine its clinical impor-
tance.

In this context, some studies also used age-predicted
6MWD values as an alternative form of measurement.
However, these values and reference equations were ob-
tained from studies with healthy children and adoles-
cents.21,36-38 Clearly, applying values of healthy popula-
tions for the analysis of chronically ill subjects brings
inconsistency to the results. Furthermore, there are meth-
odological differences in the implementation of the 6MWT
between surveys and anthropometric variations within the
study samples. This type of comparison was applied in this
study. As expected, the CF group showed significantly
lower 6MWD values than predicted: a gap of about 80 m.
This did not happen within the control group.

These gaps are responsible for confusing or misleading
the interpretation of 6MWD values in children with CF,
because there are no reference values to determine the
clinical importance of these results, which led to the in-
vestigation of alternative indexes, as reported in this study.
The indexes were adapted to generate new exercise toler-
ance measurement variables and to improve the under-
standing and investigation of this test among patients with
CF.10,15,31

In this study, work performed during walking was lower
in the CF group compared with the control group. This
variable was able to detect differences between subjects
with more severe disease and subjects with less severe
disease: The greater the severity of the disease, the lower
the work rate. Additionally, work is better correlated with
FEV1, modified Shwachman score, and BMI.

The work calculation takes into account the mass of the
body and energy required to move that body through space.
The close relationship between work and nutritional status
was supported by a correlation between work and BMI in
both groups. The weight loss observed in patients with CF
directly affects the necessary work performed during walk-
ing and therefore interferes with 6MWD and work values.
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The significant correlation between FEV1 and work may
reflect the ventilatory limitation to exercise. The leg fa-
tigue can also be associated with exercise limitation re-
lated to work values.10

In a study with 33 subjects with COPD, work was cal-
culated using the 6MWT and showed good correlation
with changes in the levels of oxygen saturation levels,
carbon monoxide, anaerobic threshold, and maximum ox-
ygen uptake, compared with 6MWD results. The authors
suggest the use of this variable to replace 6MWD if the
maximal cardiopulmonary exercise test cannot be applied.11

Also in COPD, another study showed significant correla-
tion between work volume during the 6MWT and maxi-
mal work performed during an incremental cyclo-ergo-
metric test.39 The 6MWT work results correlated with
maximum oxygen uptake in CF subjects but not with the
6MWD. Average velocity results showed lower speed dur-
ing the 6MWT in the CF group, compared with the control
group, probably influenced by disease severity. Walking
speed is a convenient variable to measure overall gait and
functional mobility. Slow walking speed is related to some
factors, such as decreased muscle strength and power, loss
of independence, morbidity, and mortality in patients with
chronic diseases.

In this study, average velocity values were correlated
with modified Shwachman score and FEV1. It seems to be
a good parameter that could represent overall disease con-
ditions, not only due to respiratory limitations. In patients
with COPD, gait speed is associated with poor exercise
capacity and related to physical activity level, cognitive
function, depression, and quality of life. It is considered a
powerful and informative tool to improve clinical care in
this population.40

The physiological cost index was first described and pre-
sented as an objective measurement by MacGregor15 in 1979.
It provides an estimate of energy expenditure, based on a
linear relationship between heart rate and oxygen uptake dur-
ing submaximal exercise. Based on the definition and the
above-mentioned results, it can be suggested that the CF
group required higher oxygen uptake during submaximal ex-
ercise (6MWT), compared with the control group.

Considering that heart rate decreases and the walking
speed increases with age, the physiological cost index as-
sessment showed well-balanced and proportional results at
all ages. This fact can be considered a positive element for
the inclusion of physiological cost index assessments in
studies using the 6MWT, since 6MWD is directly influ-
enced by age and anthropometric parameters.13 They are
considered as potential confounding elements, which may
cause disturbance or mislead interpretation of test results,
underestimate physical capacity in chronic diseases, and
mask the effects of interventions. Nevertheless, in our study,
due to large variations in age, we did not observe corre-
lations between physiological cost index and BMI, FEV1,

and modified Shwachman score. In this context, the 6MWT
and respective variables comprise a better view of func-
tional capacity and are possible to monitor among patients
with CF.41

Lower values of cover distance (CD), work, and aver-
age velocity could be observed in cases of more severe
disease. The modified Shwachman score used to assess CF
severity included physical conditions, nutritional status,
lung disease, and general aspects of the disease. The de-
terminants of exercise limitations involved pulmonary con-
ditions, cardiac and nutritional factors, peripheral skeletal
muscle function, physical activity levels, anthropometric
changes, medications used, degree of inflammation, cystic
fibrosis transmembrane regulator mutation, and psycho-
logical and social aspects.42 The association between in-
dexes and disease severity shows that these indexes can
help estimate overall aspects of CF. Others factors may
influence exercise tolerance, including weight (which re-
flects nutritional status by work), muscle mass related to
velocity, and cardiopulmonary behavior represented by
physiological cost index. These factors can be approached
by estimated indexes from the 6MWT. They also provide
better understanding of the limiting factors that determine
exercise capacity.

There was no difference between the indexes and pul-
monary function represented by FEV1. The lack of asso-
ciation can be explained by the presence of CF subjects
with FEV1 � 0.6. In contrast, approximately 18% (n � 10)
had values �0.6. Studies showed a correlation between
pulmonary function and variables of cardiopulmonary
tests in subjects with severe lung disease classified by
FEV1 � 0.5. The exercise response did not depend on
FEV1 in mild-to-moderate lung disease.43,44 Pulmonary
function explains only about one third of the variability in
exercise capacity.43 No improvement was found in lung
function and maximal exercise capacity of children and ad-
olescents with CF after a 3-month aerobic exercise program
based on verbal and written guidelines. However, a positive
impact on regular physical exercise practice could be ob-
served.45 Furthermore, the application of the quality of life
questionnaire could be considered as an important factor to
provide a view of the general aspects of the disease.

Further studies should be conducted to provide a better
understanding of the interpretation of these variables and
of the analysis of functional capacity in patients with CF.
Notably, the 6MWT is an easy-to-implement test. Addi-
tional methods of interpretation should be investigated to
obtain additional information, since maximal cardiopul-
monary exercise tests, although they are considered the
accepted standard test, are more expensive, difficult to
implement, and poorly tolerated, especially by patients
with CF.46

This study had some limitations. It was not possible to
observe differences between any of the alternative indexes
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and the pulmonary function in the CF group, here charac-
terized by the spirometry parameter of FEV1. We suggest
that other spirometry variables, such as forced expiratory
flow between 25 and 75% of FVC (FEF25-75%), may be
more appropriate to assess such a relationship. This can be
explained by the fact that FEF25-75% detects the decline in
lung function earlier than FEV1, because FEF25-75% rep-
resents the peripheral airways, a lung region that is mainly
affected in CF.

Another limitation of this study was the broad age range
of subjects. The behavior analysis of these indexes, con-
sidering age-related anatomical and physiological changes,
could produce even more sensitive results. Also, the num-
ber of subjects in various subgroups (lung function and
disease severity) may have been too small for sufficient
statistical analysis.

Conclusions

The estimated indexes of functional capacity from the
6MWT, including work, physiological cost index, and av-
erage velocity, proved to be useful in the analysis of ex-
ercise tolerance in subjects with CF, as well as 6MWD
during the test. These indexes could provide additional
parameters to evaluate functional capacity in patients with
CF and contribute to a better understanding of limiting
factors of exercise response.
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