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BACKGROUND: Distance walked during the 6-min walk test (6MWT) predicts mortality in COPD.
The body weight of the patient affects the work required to walk. Calculated work during the
6MWT (6MWT work) may account for differences in walk distance resulting from change in body
weight. Thus, 6MWT work might be a better predictor of mortality than distance walked. This
study was designed to test this hypothesis and to assess if other variables measured during
the 6MWT, like continuous oximetry recording, offered additional prognostic information.
METHODS: This was a retrospective analysis of prospectively collected data; 104 COPD patients
were studied. 6 MWT was performed in all cases. 6 MWT work was calculated as body weight (in
kg) X distance walked (in m). Receiver operating characteristic curves were used to assess the value
of variables to predict mortality. Additional analysis was performed using Kaplan-Meier survival
plots and Cox proportional hazards regression models. RESULTS: Mean follow-up was 590 = 472 d.
Eleven subjects (10.6 %) died. 6o MWT work was not better than distance walked to predict mortality
(area under the curve 0.77 for 6MWT work vs 0.80 for distance; difference 0.03, 95% CI —0.05 to
0.12, P = .45). Subjects who died had more dyspnea (measured using the Borg scale) after the
6MWT (8.5 vs 4.0, P < .001), lower baseline S, (85% vs 93%, P = .001), worse oxygen saturation
during the 6MWT (mean S, while walking 74.0% vs 86.6%, P = .02) and walked less distance
(255 m vs 480 m, P = .001). On multivariate analysis, only 6MWT distance and dyspnea after the
test correlated independently with mortality (P = .005 for both variables). CONCLUSIONS: 6MWT
work was not more useful than 6MWT distance to predict mortality. The study confirms that
6MWT distance and dyspnea on exertion are key elements in prognostic evaluation in COPD, while
the value of exercise oxygen desaturation is less clear. Key words: 6-min walk test; prognosis; mor-
tality; pulmonary diseases; chronic obstructive; work capacity evaluation; oximetry. [Respir Care 2013;
58(8):1329-1334. © 2013 Daedalus Enterprises]

Introduction

COPD is an important cause of mortality. Several fac-
tors have been found to predict adverse outcome in this
disease, like degree of dyspnea, exercise capacity, body
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mass index, and degree of airway obstruction, as measured
using FEV,.! The 6-min walk test (6 MWT) is an easy to
perform submaximal exercise test that reflects the func-
tional exercise capacity in COPD patients, and the 6-min
walk distance (6MWD) correlates strongly with mortality
in this disease.>* Oxygen desaturation during the 6MWT
might add modest additional prognostic information in
COPD.#> However, measurement of oxygen saturation dur-
ing the test is not a standardized procedure.® In many
cases, when oxygen saturation is determined, only punc-
tual measurements are taken, and the examiner reports
only whether the saturation falls below 90%. Continuous
oximetry recording during the 6MWT might offer a better
estimate of gas exchange during exercise and thus might
correlate better with prognosis.
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The body weight of the patient affects the work/energy
required to perform the walk.” As the 6MWT is intended
to account for work, and work is determined by force and
distance traveled, it would be logical to include force (body
weight) as well as distance when assessing the results of
the 6MWT. Carter et al suggested that calculated work
(body weight X distance walked) during the 6MWT
(6MWT work) may account for differences in 6MWD
resulting from change in body weight, and this parameter
would therefore improve the usefulness of the test.” We
hypothesized that 6BMWT work might be a better predictor
of mortality in COPD patients than distance walked. This
study was designed with the main objective of testing
this hypothesis. Secondary objectives were to determine if
other parameters measured during the 6BMWT offered ad-
ditional prognostic information, with a special focus on
variables derived from continuous oximetry recording dur-
ing exercise.

Methods
Study Design and Subjects

This was a retrospective analysis of prospectively col-
lected data. Subjects were recruited from the respiratory
medicine service of the University Hospital Lucus Augusti.
The study population included patients who performed the
6MWT as part of their clinical evaluation, according to the
criteria of their attending clinician. Inclusion criteria were
age > 40 years, FEV,/FVC < 70% of predicted, post-
bronchodilator FEV, < 80% of predicted, and clinical
stability for at least 8 weeks. Exclusion criteria were di-
agnosis of asthma, malignant disorders, uncontrolled heart
failure, coexisting respiratory disorders (eg, kyphoscolio-
sis), and inability to perform spirometry and/or 6MWT.
Approval for the use of the data was obtained from our
local ethics committee.

Spirometry was performed (Sibelmed Datospir 120 spi-
rometer, Sibel, Barcelona, Spain), according to the Amer-
ican Thoracic Society/European Respiratory Society con-
sensus guidelines,® and using the European Respiratory
Society predicted values.” The 6MWT was performed ac-
cording to the American Thoracic Society statement, in a
30 m corridor.® For subjects who were already on long-
term oxygen therapy, the 6BMWT was performed with sup-
plemental oxygen at their usual flow. Continuous pulse
oximetry was recorded during the test, using a wrist oxi-
meter with a finger probe (Pulsox 3i, Minolta, Ramsey,
New Jersey). Pulse oximetry variables were calculated
using computer software (Pulsox S,q analysis software
DS-3, Minolta, Ramsey, New Jersey). We registered the
following variables: total distance walked, resting S,
before walking, mean and lowest Spoz during the test,
dyspnea, and leg fatigue after the test, as measured using
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QUICK LOOK

Current knowledge

Six-min walk distance (6MWD) and dyspnea on exer-
tion are key elements of prognosis in patients with
COPD; 6MWD predicts mortality risk. Body weight
impacts 6MWD, and use of patient weight and distance
to determine the work during the 6-min walk test
(6MWT) may be useful.

What this paper contributes to our knowledge

6MWT work was not a better predictor of mortality
than was 6MWD.

the modified Borg scale, and cumulative percentages of
time with S, < 90% while walking. 6MWT work was
calculated as body weight (in kg) X distance walked (in m).

Statistical Analysis

The primary end point was the time from the date of the
6MWT to the date of death. A census of subjects was
taken at the end of the study. Vital status, ascertained as of
July 2012, was determined by review of electronic patient
charts. Normal distribution of data was assessed using the
D’ Agostino-Pearson test. Data are expressed as mean * SD
(normal distribution) or as median (interquartile range)
(non-normal distribution) for continuous variables, and as
percentages for categorical variables. Correlation between
variables was assessed with the Pearson or Spearman cor-
relation coefficient, as appropriate. For continuous vari-
ables, comparisons between survivors and non-survivors
were made using the unpaired ¢ test or the Wilcoxon rank-
sum test, as appropriate. The chi-square test was used for
categorical variables. Receiver operating characteristic
(ROC) curves were constructed to assess the value of dif-
ferent variables to predict mortality. Differences in areas
under the different curves were calculated using the method
of DeLong et al.'® Kaplan-Meier cumulative survival plots
were obtained for variables with the highest areas under
the ROC curves. Kaplan-Meier plots were constructed for
values above and below the value with the best combina-
tion of sensitivity and specificity in ROC analysis. The log
rank test was used to compare survival curves. Univariate
and multivariate Cox proportional hazards regression mod-
els were used to calculate hazard ratios and 95% Cls.
Multivariate analyses were performed using a stepwise
forward regression model in which each variable with
P = .10 on univariate analysis was entered into the model.
To avoid collinearity, oxygen saturation variables were
introduced separately. The P values were 2-sided, and
P < .05 was considered statistically significant.
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Table 1.  Differences Between Survivors and Non-survivors

Non-survivors Survivors P
n=11 n =93

Male, no. (%) 8 (72.7) 74 (79.5) .89
Age, mean = SD y 66.3 = 9.8 634 = 11.7 .39
FEV,% 29.0 (26.0-60.0) 42.0 (30.0-61.0) 32
BMI, mean + SD kg/m? 26.7 *2.6 273 *47 64
Borg dyspnea score

Baseline 0(0-2.5) 0 (0-0) .58

After 6GOMWT 8.5 (6.5-10.0) 4.0 (2.0-6.0) .001
Borg fatigue score after 6MWT 1.5 (0-2.5) 1.5 (0-40.0) .87
Baseline Sq,, % 85.0 (80.5-91.7) 93.0 (90.0-95.0) .001
Mean S, during 6MWT, % 74.0 (66.0-89.6) 86.6 (82.1-91.3) .02
Lowest S, during 6MWT, % 70.0 (54.5-79.2) 83.0 (74.0-88.0) .004
Percent of time with S5, <90% during 6SMWT, % 98.4 (57.7-100) 81.6 (9.8-93.8) .03
6MWD, m 255.0 (192.5-393.5) 480.0 (373.7-540.0) .001
6MWT work, mean = SD 21,281.0 = 10,058.3 33,419.5 = 12,486.8 .002
Values are median (IQR), except where otherwise indicated.
BMI = body mass index
6MWT = 6-min walk test
6MWD = 6-min walk distance
6MWT work = work during the 6MWT
Table 2.  Correlations Between 6MWT Distance and 6MWT Work and Other Variables

6MWD 6MWT Work
R (95% CI) P R (95% CI) P

Percent of time with S5, < 90% —0.28 (—0.45 to —0.10) .004 —0.18 (—0.36, 0.01) .054

during 6MWT
Mean S5, during 6MWT 0.34 (0.16-0.50) <.001 0.24 (0.05-0.42) .01
Lowest S0, during 6MWT 0.37 (0.19-0.53) <.001 0.30 (0.11-0.47) .003
FEV, 0.33 (0.15-0.49) <.001 0.39 (0.21-0.55) <.001
Age —0.37 (—0.52 to —0.19) <.001 —0.23 (—0.40 to —0.04) .02
Body mass index —0.02 (—0.21 t0 0.17) .81
Borg dyspnea score after 6MWT —0.32 (—0.49 to —0.13) .002 —0.29 (—0.46 to —0.10) .003
Borg fatigue score after 6MWT —0.009 (—0.20 to 0.19) .93 —0.14 (—0.33 t0 0.05) 15

6MWD = 6-min walk distance
6MWT work = work during the 6-min walk test

Results

We included 104 subjects, of whom 82 (78.8%) were
male. The mean age was 63.8 = 11.5 years. The mean
FEV,% was 45.6 = 19.9%. Sixty-five subjects (62.5%)
had FEV,% < 50%. Baseline S5 was < 90% in 25 cases
(24%), and < 85% in 7 (6.7%). The subjects were fol-
lowed up for 590 = 472 days after the 6MWT. Eleven
subjects (10.6%) died during the follow-up. Median dys-
pnea and leg fatigue score after the test were, respectively:
4.5 (2-6) and 1.5 (0—4). Table 1 shows the differences
between survivors and non-survivors. The subjects who
died had more dyspnea after the 6MWT, lower baseline
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Sp0,, worse oxygen saturation parameters during the
6MWT, and walked less distance. Table 2 shows the cor-
relations between 6MWD, 6MWT work, and the different
variables. For most variables, correlation with 6MWT was
somewhat better than with 6MWT work. Table 3 shows
the areas under the ROC curves for the different parame-
ters studied. Only 6MWD, baseline S, , and dyspnea af-
ter the 6GMWT achieved an adequate (eg, = 0.8) area under
the curve. Pair-wise comparison of the areas under the
ROC curves for these variables did not show significant
differences between them (data not shown). Also, the area
under the curve for 6MWT work was not significantly
different than that for 6MWD (difference 0.03, 95% CI
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Table 3. Area Under the Receiver Operating Characteristic Curve
AUC 95% CI
6MWD 0.80 0.71-0.87
6MWT work 0.77 0.68-0.85
Baseline S o, 0.80 0.71-0.87
Percent of time with S, 0.71 0.61-0.79
< 90% during 6MWT

Mean S, during 6MWT 0.73 0.64-0.81
Lowest S, during 6MWT 0.78 0.69-0.86
FEV,% 0.61 0.51-0.71
Age 0.53 0.43-0.63
Body mass index 0.54 0.44-0.64
Borg dyspnea score after 6OMWT 0.88 0.80-0.94

AUC = area under the curve
6MWD = 6-min walk distance
6MWT work = work during the 6-min walk test

—0.05 to 0.12, P = .45). Better combination of sensitivity
and specificity for 6MWD was found at a cutoff value of
395 m. For baseline S, the best cutoff point was 86%.
For dyspnea the most useful value of the Borg scale was 7
(Table 4). Figures 1, 2, and 3 show the Kaplan-Meier
survival curves for cases below and above these values,
which were significantly different for all variables (6MWD
P < .001, baseline SpOZ P = .002, dyspnea P < .001).
Table 5 shows the results of univariate and multivariate
Cox proportional hazards analysis of the relation between
clinical variables and all-cause mortality. On multivariate
analysis, only 6MWD and post-6MWT dyspnea score cor-
related independently with mortality.

Discussion

The main results of the present study are: 6MWT
work was not better than 6MWD to predict mortality; both
6MWD and dyspnea after the 6MWT correlated with mor-
tality; and desaturation during 6GMWT did not provide ad-
ditional prognostic information.

Carter et al found, through ROC analysis, that 6MWT
work had a better combination of sensitivity and specific-
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Fig. 1. Kaplan-Meier survival curves for subjects who walked more
than versus less than 395 m in the 6-min walk test.

ity than 6MWD to discriminate between low versus high
exercise work capacity in COPD patients.” Exercise ca-
pacity is an important outcome predictor in COPD, 51! so it
would be expected that 6MWT work would predict mor-
tality better than 6MWD. On the contrary, the present
study found a lower area under the ROC curve for 6 MWT
work than for 6MWD, although the difference did not
reach significance. Differences in study populations might
account for this discrepancy. Of note, the leg fatigue scores
in the study by Carter et al were greater than the dyspnea
scores, suggesting that leg fatigue contributed significantly
to exercise limitation in their subjects.” By contrast, the
present study found greater dyspnea scores. It is also worth
mentioning that, in the study by Carter et al, 6MWT work
correlated better with pulmonary function indices and gas
exchange variables than did 6MWD,” while we found the
opposite results.

Measurement of oxygen saturation during the 6MWT is
not a standardized procedure. The current guidelines con-
sider oximetry optional during the 6MWT.¢ In the present
study, oxygen desaturation during the 6MWT correlated
with mortality. However, in the multivariate analysis it did
not remain as an independent predictor. These results agree

Table 4.  Values With the Best Combination of Sensitivity and Specificity in Receiver Operating Characteristic Curve Analysis
Cutoff Sensitivity Specificity PI;’S;;;\;; }l\rl zg;lct:i\ii
Value (95% CI) (95% CI) Value Value
6MWD 395 m 81.8 (48.2-97.2) 72.04 (61.8-80.9) 25.7 97.1
Baseline S, 86% 63.6 (30.9-88.8) 90.3 (82.4-95.5) 43.7 95.5
Borg dyspnea score after 6OMWT 7 75.0 (35.0-96.1) 92.2 (84.6-96.8) 46.2 97.6

6MWD = 6-min walk distance
6MWT = 6-min walk test
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Fig. 2. Kaplan-Meier survival curves for subjects with baseline
Spo, higher than versus lower than 86%.
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Fig. 3. Kaplan-Meier survival curves for subjects with Borg dys-
pnea scores lower than versus higher than 7.

with the study by Casanova et al,* despite using a different
methodology. Casanova et al excluded from the analysis
of oxygen desaturation during the test those subjects with
resting S, < 90% on room air. By contrast, we did not
exclude such cases from our analysis, although we added
oxygen while performing the test to those subjects who
were already on long-term oxygen therapy. Taken together,
the results from the study by Casanova et al and those
from the present study suggest that the prognostic infor-
mation provided by oximetry during the 6MWT is modest
at best. Therefore, the results of our study do not support
the need to perform oximetry systematically during the
test.

Takigawa et al,”> in contrast, found that oxygen desatu-
ration was an independent predictor of mortality. They
found no correlation between oxygen desaturation and
6MWD. In our study there was a significant correlation
between oximetry parameters and 6MWD. This might ex-
plain why oxygen saturation was rejected as an indepen-
dent predictor of mortality in the multivariate analysis.

It is interesting that dyspnea after the 6BMWT correlated
independently with mortality and, of all the variables stud-
ied, exhibited the largest area under the ROC curve.
It is known that dyspnea is an important predictor of
mortality in COPD.!? Dyspnea during activities of daily
living, measured with the modified Medical Research
Council (MMRC) dyspnea scale, is an essential compo-
nent of the BODE (body mass index, air-flow obstruction,
dyspnea, exercise capacity) index, which is, in turn, a pow-
erful predictor of prognosis in this disease.! Due to the
limitations in design of our study, we did not know the
MMRC dyspnea scale scores for all the subjects, so we
cannot assess if dyspnea after the 6MWT offers additional
prognostic information, compared with the more commonly

Table 5.  Results of Univariate and Multivariate Cox Proportional Hazards Analysis of the Relation Between Clinical Variables and All-Cause
Mortality
Univariate Multivariate
Hazard Ratio P Hazard Ratio P
(95% CI) (95% CI)
6MWD 0.99 (0.99-1.00) .003 0.99 (0.99-1.00) .005
Percent of time with S, 1.01 (1.00-1.03) 35 NA NA
< 90% during 6MWT
Mean S, during 6MWT 0.94 (0.89-1.00) .02 NA NA
Baseline S, 0.91 (0.86-0.97) .002 NA NA
Lowest S, during 6MWT 0.96 (0.93-1.00) .03 NA NA
FEV, 0.99 (0.95-1.03) 52 NA NA
Borg dyspnea score after 6MWT 1.55(1.14-2.12) .001 1.55(1.14-2.12) .005

6MWD = 6-min walk distance
6MWT = 6-min walk test
NA = not applicable because variable not included in the final model.
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used MMRC dyspnea scale. However, a previous study
found a correlation between dyspnea during daily living
measured with the MMRC dyspnea scale and dyspnea
after the 6BMWT using the Borg scale.'? In that study the
MMRC dyspnea scores correlated better than did the Borg
dyspnea scores with changes in inspiratory capacity (used
as a marker of dynamic hyperinflation).

The present study has several limitations, the most ob-
vious being its retrospective design and relatively small
sample size. We did not include a random sample from
patients along all the spectrum of disease severity, so
the study was vulnerable to selection bias. Actually, the
6MWT is usually performed in patients with more severe
disease. Mean FEV, was 45% of predicted, indicating
that our cases indeed had advanced disease. The design of
the study did not allow us to evaluate other predictors of
mortality in COPD, like the BODE index, although this
was not the main objective of the study. Also, few women
were included in the study, so we cannot exclude the pos-
sibility of sex differences in the prognostic value of any
variable.

Conclusions

In summary, 6MWT work was not more useful than
6MWD to predict mortality. The present study confirms
that 6MWD and dyspnea on exertion are key elements in
prognostic evaluation in COPD, while the value of exer-
cise oxygen desaturation is less clear. Whether dyspnea
after exercise, measured with the Borg scale, offers better
prognostic information than other variables in COPD mer-
its further evaluation.
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