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ABSTRACT
Objective: To determine the cut-off point for the six-minute walk distance (6MWD) that 
indicates lower survival time in patients with idiopathic pulmonary fi brosis (IPF) in Brazil. 
Methods: This was retrospective study carried out in two referral centers for IPF. The 
6MWT was performed twice, considering the highest value of the 6MWD. Various cut-
off points were estimated, in absolute values and in percentage of predicted values, 
using ROC curves, the Kaplan-Meier method, and data from other studies. Results: 
The sample comprised 70 patients with IPF. The mean age was 71.9 ± 6.4 years, and 
50 patients (71.4%) were male. The mean FVC was 76.6 ± 18.2% of predicted value. 
The mean SpO2 at rest before and after 6MWT were 93.8 ± 2.5% and 85.3 ± 6.5%, 
respectively. The median survival time was 44 months (95% CI: 37-51 months). The 
mean 6MWD was 381 ± 115 m (79.2 ± 24.0% of predicted). After the analyses, the 
best cut-off points for estimating survival were 6MWD < 330 m and < 70% of predicted. 
The median survival time of patients with a 6MWD < 330 m was 24 months (95% CI: 
3-45 months), whereas that of those with a 6MWD ≥ 330 m was 59 months (95% CI: 
41-77 months; p = 0.009). Similarly, the median survival times of those with a 6MWD 
< 70% and ≥ 70% of predicted, respectively, were 24 months (95% CI: 13-35 months) 
and 59 months (95% CI: 38-80 months; p = 0.013). Cox multivariate regression models 
including age, sex, smoking status, SpO2 at the end of the 6MWT, and FVC% showed 
that 6MWD remained signifi cantly associated with survival (p = 0.003). Conclusions: 
Values of 6MWD < 330 m and < 70% of predicted value were associated with lower 
survival time in IPF patients in Brazil.
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INTRODUCTION

Idiopathic pulmonary fi brosis (IPF) is an interstitial lung 
disease (ILD) of unknown etiology, which is accompanied 
by functional loss, progressive dyspnea, and impaired 
quality of life.(1) The median survival, prior to the 
therapeutic era, was between 2 and 4 years.(2) The clinical 
course of IPF is highly variable. This great variability in 
the evolution of IPF makes its staging and prognosis a 
challenge. Some individual predictors of survival have 
already been established, such as increased dyspnea 
on initial presentation, digital clubbing, pulmonary 
hypertension, increased extent of fi brosis on HRCT scans, 
and increased number of hospital admissions, mainly 
due to respiratory failure.(3,4) Lung function plays a key 
role in prognostic evaluation.(3,5) Baseline values of FVC 
< 70%, DLCO < 40%, and SpO2 < 89% during physical 
exertion indicate worse survival.(6-9)

Another way of assessing prognosis during the initial 
evaluation includes the use of predictive composite 
statistical models or scoring systems that combine 
functional variables, clinical data, and other prognostic 
tests. These models are more effective in predicting 

survival than are individual variables. Various studies 
have appeared in the past years with this proposal, some 
even emphasizing the six-minute walk distance (6MWD) 
as having prognostic value.(10-15)

The six-minute walk test (6MWT) is, by defi nition, an 
endurance test, i.e., a submaximal test. For most patients 
with mild-to-moderate cardiopulmonary disease, the 
metabolic demand is lower than is the maximum demand 
obtained from an incremental test, and, therefore, 
maximum limits are seldom reached. However, for a group 
of patients with more severe disease, such as in patients 
with interstitial lung disease, the 6MWT can be considered 
a “near-maximal” test, because the metabolic/energy 
expenditure during the test approaches the maximum 
limit, due to the symptoms of these patients.(16)

An evaluation of a global integrated response of all the 
systems involved in performing the exercise (pulmonary 
system, cardiovascular system, systemic/peripheral 
circulation, blood, neuromuscular unit, and muscle 
metabolism) is provided by the 6MWT.(17-20) The 6MWT 
is extremely useful in clinical practice for the evaluation 
of patients with various advanced cardiopulmonary 
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conditions, and it has been included in clinical trials on 
IPF treatment for the determination of outcomes.(19,21)

Three studies have evaluated baseline 6MWD as 
an independent variable associated with mortality in 
patients with IPF, suggesting cut-off values of 181 m, 
207 m, and 212 m.(15,22,23) One study reported lower 
baseline 6MWD results in patients with ILDs and 
pulmonary hypertension, who, consequently, had a 
worse prognosis.(24) A post-hoc analysis of a clinical 
trial(25) showed that baseline 6MWD and a decrease 
in 6MWD at week 24 were signifi cantly associated 
with 1-year mortality, despite the poor correlation 
between 6MWD results and other pulmonary function 
test measurements. A subsequent analysis using the 
same database showed that baseline 6MWD < 250 m 
was associated with a 1-year mortality rate twice as 
high (hazard ratio = 2.12).(26)

IPF usually affects older patients, who may present 
with various comorbidities. The prevalence of 
cardiovascular disease in patients with IPF can reach up 
to 26% and contribute to 10% of the mortality rate.(27)

In a recent review, the authors have made relevant 
considerations on the relationship between 6MWD 
and mortality, emphasizing the importance of 6MWD 
in the evaluation of comorbidities and quality of life 
in patients with IPF.(28) In Brazil, healthy individuals 
older than 40 years of age walk greater distances in 
the 6MWT when compared with individuals in other 
countries.(29)

The objective of the present  study was to determine 
the cut-off point for 6MWD that indicates lower survival 
in patients with IPF in a cohort of patients in Brazil.

METHODS

This was a retrospective study involving patients 
from two referral centers for the treatment of ILDs in 
Brazil, namely, Ambulatório de Doenças Pulmonares 
Intersticiais (Interstitial Lung Disease Outpatient 
Clinic), Hospital das Clínicas, Faculdade de Medicina, 
Universidade Federal de Minas Gerais, located in 
the city of Belo Horizonte, Brazil, and Ambulatório 
de Doenças Pulmonares Intersticiais, Faculdade de 
Medicina, Universidade Federal de São Paulo, located 
in the city of São Paulo, Brazil, between June 4, 1993 
and September 30, 2017. The date of diagnosis was 
used as the initial date for the analysis of survival.

The study was approved by the research ethics 
committee of the coordinating center (CAAE protocol 
no. 44843215.50000.5149).

The diagnosis of IPF was performed based on 
recommendations from an international guideline.(2) 
All of the cases were reviewed by two pulmonologists 
and one radiologist, and biopsies were reviewed by a 
pathologist with extended experience in lung biopsies. 
The three professionals are specialists in ILDs.

We excluded patients with an SpO2 < 89% at rest 
on room air; patients with degenerative locomotor or 
neuromuscular diseases or with functional limitations 

that prevented test performance; patients with a history 
of acute myocardial infarction within the last month; 
and patients with decompensated heart failure, unstable 
angina, syncope, or cardiac arrhythmia.

The date of diagnosis, sex, age, duration of 
symptoms, history of smoking, and perception of 
dyspnea (determined by the modifi ed scale of the 
Medical Research Council)(30) were collected from the 
medical records and inserted into a specifi c form for 
the systematic evaluation of patients with ILD.(29)

The 6MWT was performed in a 30-m corridor, using a 
portable oximeter (Nonin Medical, Inc., Plymouth, MN, 
USA), following international recommendations.(17,19,20) 
All patients performed two tests, with a minimum time 
interval of 30 min; verbal encouragement was given 
every minute. The following parameters were recorded 
at the beginning and at the end of the tests: HR, RR, 
perception of dyspnea by the Borg scale score (data 
not shown), SpO2 measured by pulse oximetry, and 
6MWD, the latter being expressed in absolute values 
and in percentage of predicted values, which were 
calculated by means of the reference equation proposed 
by Soares et al. for the Brazilian population.(31)

Although this was a retrospective and multicenter 
study, the same type of equipment was used in both 
centers: Collins CPL system (Ferraris Respiratory, 
Louisville, CO, USA). Acceptability and reproducibility 
criteria for pulmonary function tests followed the 
recommendations by the American Thoracic Society.
(32) The results were described as absolute values and 
as percentage of predicted values for the Brazilian 
population.(33) The studied variables were FVC, FEV1, and 
FEV1/FVC ratio. DLCO measurements were performed 
using the single-breath method. The predicted values 
suggested by Crapo et al. were used.(34)

Continuous variables were presented as means and 
standard deviations or medians and minimum and 
maximum values, when indicated; categorical variables 
were described as proportions. Various cut-off points, 
including those suggested in the literature, were tested 
by the Kaplan-Meier method and ROC curves to identify 
the cut-off point with the highest discriminatory value, 
both for absolute values and percentage of predicted 
values for 6MWD. Using the ROC curves, sensitivity 
vs. 1 − specifi city points closer to 10% were selected, 
because many false-positive results can be obtained 
from points with the highest sum of sensitivity and 
specifi city. These cut-off points were similar to those 
observed by testing various cut-off points using the 
Kaplan-Meier curves, the highest value being determined 
for the log-rank test.

Survival curves were constructed using the Kaplan-
Meier method. Cox multivariate regression models 
were analyzed in order to measure the associations 
between mortality and 6MWD, taking into account 
the following variables: age, sex, smoking status, and 
FVC in % of predicted value. A p-value < 0.05 was 
considered statistically signifi cant for all tests. All the 
analyses were performed using the statistical package 

268 J Bras Pneumol. 2018;44(4):267-272



Mancuzo EV, Soares MR, Pereira CAC

IBM SPSS Statistics, version 21.0 (IBM Corporation, 
Armonk, NY, USA).

RESULTS

A total of 70 patients were included in the study. 
The mean age was 71.9 ± 6.5 years. Most of the 
patients were male (71.4%) and smokers or former 
smokers (71.4%). The diagnosis of IPF was reached by 
clinical data, in 87.1% of the sample, and by surgical 
lung biopsy, in 22.9%. The mean 6MWD was 380 ± 
115 m. The median follow-up time was 37.6 months. 
Clinical and functional characteristics are summarized 
in Tables 1 and 2.

The median survival was 44 months (95% CI: 37-51 
months). After various analyses, the best cut-off points 
for estimating survival based on 6MWD results were 
330 m and 70% of predicted values. Both ROC curves 
were signifi cant. The area under the curve for 6MWD 
in absolute values and in percentage of predicted 
value were, respectively, 0.70 (p = 0.008) and 0.65 
(p = 0.047). Sensitivity for the selected absolute 
cut-off point (330 m) was 39%, and 1 − specifi city 
(false positive) was 13%, with a likelihood ratio of 
3.00. For the cut-off point of 70% of the predicted 
value, sensitivity was 38%, and false-positive value 
was 13%, with a likelihood ratio of 2.92, i.e., they are 
almost identical.

Of the 70 patients in the sample, 21 (30%) had 
a 6MWD < 70% of predicted and 22 (31.4%) had 
a 6MWD < 330 m. The median survival time of the 
patients with a 6MWD < 330 m was 24 months (95% 
CI: 3-45 months), whereas the median survival time of 
those with a 6MWD ≥ 330 m was 59 months (95% CI: 
38-80 months; log rank: 6.78; p = 0.009; Figure 1). 
Similarly, the median survival time of patients with a 
6MWD < 70% of predicted value was 24 months (95% 
CI: 13-35 months),and that of those with a 6MWD 
≥ 70% of predicted value was 59 months (95% CI: 
38-80 months; log-rank: 6.17; p = 0.013; Figure 2).

The analysis of Cox multivariate regression models, 
considering age, sex, smoking status, SpO2 at the end 
of the 6MWT, and FVC% showed that 6MWD remained 
signifi cantly associated with survival (p = 0.003).

DISCUSSION

The present study demonstrated that a 6MWD < 330 
m or < 70% of the predicted value was associated with 
a median survival time of only 24 months in patients 
with IPF in Brazil.

The 6MWT has been used as a valid, simple, and 
reliable instrument for the evaluation of exercise capacity 
in patients with chronic respiratory diseases, including 
IPF.(15,22,23,35) In addition, the 6MWT is a better predictor 
of exercise capacity when compared with functional 
tests (spirometry) and quality of life tests.(18)

The 6MWT is well standardized and easily reproduced, 
has low costs, and is safe.(18) However, it can be 
infl uenced by the size of the corridor, as well as by 
baseline hypoxemia, reduced muscle strength, sedentary 
lifestyle, and associated heart and muscle disease 
of the patient. These factors should be taken into 
consideration in the interpretation of 6MWT results.(18) 
In order to reduce the learning effect, two tests were 
performed in our study, the highest value obtained 
being selected and compared with the predicted result 
derived from one of the reference equations proposed 
for the Brazilian population.(17,18,31)

The 6MWT has an advantage over static measures 
of lung function, because it provides a functional 
measure of the general cardiopulmonary reserve of the 
patient and can incorporate other important prognostic 
parameters for evaluation.

Andersen et al.(24) studied 212 patients with IPD 
and found that a 6MWD < 345 m was independently 
associated with the presence of pulmonary hypertension. 
In our results, 6MWD < 330 m (p = 0.009) or < 70% of 
predicted (p = 0.013) was associated with a three-fold 

Table 2. Functional characteristics of patients with interstitial 
pulmonary fi brosis included in the study (N = 70).a

Variable Result

Spirometry
FVC, L 2.54 ± 0.84

FVC, % predicted 76.61 ± 18.23

FEV1, L 2.11 ± 0.57
FEV1, % predicted 75.74 ± 21.35
FEV1/FVC, % 83.09 ± 7.83

DLCO, L 12.6 ± 4.09

DLCO, % predicted 52.7 ± 13.9

6MWT
6MWD, m 380 ± 115

6MWD, % predicted 79.2 ± 24.0

Pre-6MWT SpO2 93.81 ± 2.47
Post-6MWT SpO2 85.29 ± 6.53

6MWT: six-minute walk test; 6MWD: six-minute walk 
distance. aValues expressed in mean ± SD.

Table 1. Clinical characteristics of patients with interstitial 
pulmonary fi brosis included in the study (N = 70).a

Variable Result
Center

HSPE/SP
HC-UFMG

39 (57)
31 (43)

Age, years 71.9 ± 6.5
Males 50 (71.4)
Smoking status

Never smoker
Smoker or former smoker

20 (28.6)
50(71.4)

Diagnosis
Clinical
Biopsy

61 (87.1)
9 (12.9)

Survival time, months 44 [37-51]
Follow-up period. months 36.5 [5-129]
HSPE/SP: Hospital do Servidor Público Estadual de São 
Paulo; HC-UFMG: Hospital das Clínicas da Universidade 
Federal de Minas Gerais. aValues expressed in n (%), 
mean ± SD or median [minimum-maximum].
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increased risk of mortality and decreased survival; 
however, the presence of pulmonary hypertension was 
not evaluated. Lettieri et al.,(15) in a study involving 
81 patients (48 survivors and 33 nonsurvivors on a 
waiting list for lung transplantation), found that the 
6MWD was signifi cantly higher in the survivors than 

in the nonsurvivors (407 m vs. 181 m; p < 0.005). In 
that study, 38% of patients were on oxygen therapy, 
and the 1-year mortality rate was 41%, compared 
with 14% in the present sample; this difference might 
be explained by the inclusion of more severe patients 
on the waiting list for transplantation in that study. (15) 
Another study involving 454 patients with IPF who 
were also on the waiting list for lung transplantation 
demonstrated that patients with a 6MWD < 207 m 
were associated with a four-fold mortality risk at six 
months when compared with those with a 6MWD ≥ 
207 m, regardless of gender, age, and baseline FVC. (23) 
In that study,(23) the patients were younger (55 ± 9 
years) and presented with more severe disease (FVC 
= 47 ± 14%) when compared with the patients in the 
present study, who had a higher mean age (71.9 ± 
6.5 years) and higher mean FVC% (76.61 ± 18.23%).

Caminati et al.(22) showed that a 6MWD < 212 m was 
associated with shorter survival time (log-rank test; p 
< 0.036) in a group of 44 patients with IPF. The median 
6MWD was 375 m in survivors, compared with 200 m 
in nonsurvivors. The median length of follow-up was 
19.8 months (3.2-46.4 months).(22) Unlike our results, 
which showed a frequency of 71% of male patients, 
in the study by Caminati et al.,(22) that frequency was 
52%; however, FVC% was comparable in both studies 
(76% vs. 74%). It is postulated that male gender is 
a factor associated with higher 6MWD.(29)

The Latin-American Thoracic Association demonstrated 
that Latin-American samples (including a Brazilian one 
in the city of São Paulo) presented with higher values 
of 6MWD when compared with those found in countries 
in the northern hemisphere (Spain and the USA),(29) 
a fi nding that might be related to the characteristics 
of COPD patients with similar degrees of functional 
loss: such patients in Brazil tend to walk longer and 
more often than do patients in the USA. Therefore, 
there is still no defi nitive answer regarding 6MWD 
values that undoubtedly characterize and qualify the 
functional incapacity of patients with chronic lung 
diseases, except in extreme cases. In this context, we 
decided to evaluate the 6MWD in a cohort of patients 
with IPF in Brazil to determine whether this could be 
as high as in patients with COPD(29); our hypothesis 
was confi rmed. The geographic variations found here 
can not be explained by anthropometric factors. It 
is speculated that other factors, such as walking 
speed or cultural aspects related to lifestyle, mood, 
attitudes, and motivation of these individuals, might 
have infl uenced the 6MWD results. However, further 
studies exploring the physiological variables and their 
responses to exercise are necessary.(29)

IPF is a progressive disease with a very poor prognosis. 
A practical application of the results in our study would 
be the immediate referral of patients with a 6MWD < 
330 m or < 70% of predicted to be specifi cally assessed 
for lung transplantation. The median survival time in 
patients with a 6MWD < 330 m was 24 months in the 
present study. The mean time on the waiting list for 

Figure 2. Survival time in patients with interstitial lung 
fi brosis according to the six-minute walk distance (6MWD) 
< 70% or ≥ 70% of predicted values (log-rank test: 6.17; 
p = 0.013). 

Figure 1. Survival time in patients with interstitial lung 
fi brosis according to the six-minute walk test distance 
(6MWD) < 330 m or ≥ 330 m (log-rank test: 6.78; p = 
0.009). 
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lung transplantation in the state of São Paulo, Brazil, 
is 18 months.(35)

Some limitations of the present study should be 
considered. The fi rst one is related to the sample, 
which was relatively small, but equivalent to those 
in other studies in the literature.(16,22,36) However, our 
median follow-up period was 38 months, which greatly 
strengthens the present study, when compared with 
a follow-up period of 13 months in studies with larger 
samples.(26,35) Another limitation is related to the 
exclusion of patients with SpO2 < 89% at rest and of 
all users of supplemental oxygen, which determines 

a worse prognosis in such patients. In addition, ours 
was a retrospective study; however, the variables 
were collected by experienced and trained teams, 
by means of a standardized and structured protocol 
that made it possible to review the diagnosis of IPF 
carefully. Because the study was performed in only two 
centers, it was also possible to compare and ensure 
that the methodology used to perform the 6MWT in 
these centers was identical.

In conclusion, a 6MWD < 330 m or < 70% of the 
predicted value is signifi cantly associated with a shorter 
survival time in patients with IPF in Brazil.
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