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Purpose: The 6-minute walk test (6MWT) is often used to evaluate chronic obstructive pulmonary disease (COPD) patients’
functional capacity, with 6-minute walk distance (6MWD) and related measures being linked to mortality and hospitalizations. This
study investigates the prognostic value of pace variability, a significant indicator in sports medicine, during the 6MWT for COPD
patients.

Patients and Methods: We retrospectively screened consecutive COPD patients who had been prospectively enrolled in a pay-for-
performance program from January 2019 to May 2020 to determine their eligibility. Patient characteristics, including demographics,
exacerbation history, and 6MWT data, were analyzed to investigate their potential associations with prognosis. The primary outcome
was a composite of adverse events, including overall mortality or hospitalizations due to exacerbations during a 1-year follow-up
period. To analyze the 6MWT data, we divided it into three 2-minute epochs and calculated the average walk speed for each epoch. We
defined pace variability as the difference between the maximum and minimum average speed in a single 2-minute epoch, divided by
the average speed for the entire 6-minute walk test.

Results: A total of 163 patients with COPD were included in the study, and 19 of them (12%) experienced the composite adverse
outcome. Multivariable logistic regression analyses revealed that two predictors were independently associated with the composite
outcome: % predicted 6MWD <72 (adjusted odds ratio [aOR] 7.080; 95% confidence interval [CI] 1.481-33.847) and pace variability
>0.39 (aOR 9.444; 95% CI 2.689-33.170). Patients with either of these adverse prognostic features had significantly worse composite
outcome-free survival, with both log-rank P values less than 0.005. Notably, COPD patients with both adverse features experienced an
especially poor outcome after 1 year.

Conclusion: Patients with COPD who exhibited greater pace variability during the 6MWT had a significantly higher risk of overall
mortality and COPD-related hospitalizations, indicating a worse prognosis.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic and debilitating condition that is often marked by periods of
exacerbation. The diagnosis of COPD requires post-bronchodilator spirometry to demonstrate persistent airflow limitation.'
Despite being a mandatory component for COPD diagnosis, the spirometric parameters used to define and assess the
severity of airflow limitation in COPD patients are not well correlated with patient symptoms and outcomes.>* Therefore,
evaluating patients with COPD is now increasingly being done by determining their exercise capacity. This can be achieved
through laboratory tests (eg, formal cardiopulmonary test) or field tests (eg, walking a predefined distance over a specific
time). While the cardiopulmonary exercise test is the standard method for studying exercise limitation and identifying its
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cause in pulmonary disorder patients,’ the 6-minute walk test (6MWT) is more widely used to evaluate exercise
performance in individuals with COPD because it is inexpensive, simple, easy to perform, and reliable.®’

The 6-minute walk distance (6MWD) is the primary measurement of the 6MWT, which assesses the distance walked
in 6 minutes. This measurement is a well-recognized independent predictor for mortality, hospitalizations, and exacer-
bations in COPD patients.® In addition, the 6MWD measurement has been found to have associations with physical

7910 and may also serve as an indicator of the effective-

activity, health-related quality of life, and pulmonary function,
ness of interventions for patients with COPD.”!'! Besides the 6MWD, a number of variables derived from the 6MWT,
such as exercise-induced oxygen desaturation (EID) and 6-minute walk work, are shown to be associated with mortality
and hospitalizations of COPD subjects.'”

Pace variability or variability of pacing has been widely studied in sports medicine."* Evidence showed that a pacing
strategy that an individual subconsciously selected will produce a homeostatically acceptable exercise intensity for
completion of the task in the most efficient way.'* A research on cycling indicated that greater variability in cycling pace
can exert negative consequences in athlete performance.'” In the marathon events, the winners can run an even pace over
the 42.195-km distance.'>'® In this regard, we speculated that COPD patients would change their pace in order to
minimize symptom burden during a submaximal exercise testing, 6 MWT. Thus, the main objective of this study was to
investigate the potential prognostic significance of pace variability in COPD patients by utilizing data from a registry
database that had been collected prospectively. We hypothesized that COPD patients with greater pace variability would
have a poorer 1-year prognosis compared with those with lesser pace variability.

Materials and Methods
Study Settings and Population

This observational study was conducted in the National Taiwan University Hospital, a university-affiliated medical
center in Taiwan. Between January 2019 and May 2020, we screened all patients with spirometry-confirmed COPD,
defined as post-bronchodilator FEV/FVC <0.70, who were enrolled in the Taiwan nationwide COPD pay-for-
performance program to determine their eligibility for the study.'’ In brief, the pay-for-performance program was
launched in April 2017 and patients enrolled in this program received comprehensive pharmacologic and non-
pharmacologic therapeutics based on Taiwan’s COPD guidelines.'® Patients were strongly advised to schedule regular
follow-up appointments every 3 months and several quality indicators, such as exacerbations and hospitalizations,
were regularly monitored and assessed. In the present study, COPD subjects were included if they had their first-ever
6MWT within 90 days of the date of program enrollment. The exclusion criteria were as follows: loss to follow-up or
non-respiratory mortality within 1 year of the 6MWT and early stoppers in the 6MWT. The study was conducted in
compliance with the Declaration of Helsinki. The Research Ethics Committee of the National Taiwan University
Hospital approved this study (201905058RINB), and since it was a retrospective and non-interventional investigation,

the need for written informed consent was waived.

Data Collection and Outcome Measures

The prospective registry database of the COPD pay-for-performance program was used to collect patient demographics,
smoking habits, body mass indices (BMI), dyspnea levels (using the modified Medical Research Council (mMRC)
dyspnea scale), comorbidities, exacerbation histories, and lung function measurements (post-bronchodilator spirometry).
The exercise data from the 6MWT (see below) were also retrieved for analyses. Current smokers included those currently
smoking and those who quit smoking less than 12 months before the 6MWT. The BMI was calculated using the formula
weight (in kilograms) divided by the square of height (in meters). Histories of exacerbations were collected during the
1-year period prior to the 6SMWT and only moderate to severe exacerbations were recorded.' The primary outcome of
interest in this study was a combined negative outcome of overall mortality or hospitalizations due to COPD exacerba-
tions within a year after the 6MWT.
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The 6MWT was conducted following the ATS guidelines.® In short, patients were asked to walk in a straight flat corridor
supervised by a well-trained respiratory therapist. Patients were given standardized instructions every minute during the
6MWT.” They were allowed to take breaks and rest as needed but were encouraged to continue walking as soon as possible.
Oxygen was supplemented for patients who required long-term oxygen therapy and those what had hypoxemia at rest. Post-
exercise SpO, was measured using a pulse oximeter with a finger sensor. EID was defined as a nadir SpO, <88% throughout the
6MWT." The distance covered during the test, ie, S(MWD, was measured and reported in meters. Additionally, it was reported
as a percentage of the predicted 6MWD, which was calculated based on age, gender, height, and weight using the reference
equations.?® The perception of breathlessness at the end of the 6MWT was measured using the Modified Borg Scale.?'

Pace Variability

There is no standard way to represent variability of pacing. Several definitions, such as coefficient of variation, calculated as the
standard deviation (SD) divided by the mean, and standard deviation alone,'>** have been used in the literature to describe pace
variability. For this study, the 6MWT was split into three 2-minute segments, and the mean walking speeds for each 2-minute
segment as well as the overall 6-minute period were calculated. Pace variability was then calculated using the following formula:
[(maximum average speed in a single 2-minute segment) minus (minimum average speed in a single 2-minute segment)] divided
by (average speed over the 6-minute period). The decision to use a 2-minute time span was based on the fact that the 2-minute
walk test has been utilized to assess functional capacity and serves as an outcome measure for COPD patients.”®

Validation Cohort

We assembled another COPD cohort consisting of patients enrolled in the pay-for-performance program from July 2017
to December 2018 to validate our study findings. The same inclusion and exclusion criteria were applied to the validation
cohort. We aimed to evaluate the performance of cutoffs established in this study to discriminate COPD patients with
different outcomes at 1 year.

Statistical Methods
The statistical analysis was conducted using SPSS for Windows (version 20, IBM, Illinois, Chicago, IL). All reported
P values were two-sided and statistical significance was defined as a P value of <0.05.

The results were reported as mean + standard deviation (SD) or percentage (%). To assess between-group
differences, the independent sample ¢-test or y2-square test was used, as appropriate. Receiver operating char-
acteristic (ROC) curves were utilized to determine the sensitivity and specificity of 6MWT-derived variables in
predicting the composite adverse outcome over the 1-year observation period. The best cutoffs were defined by the
Youden index ((specificity + sensitivity) — 1).** To examine the association of selected variables with the
composite adverse outcome, a multivariable logistic regression model was constructed, and odds ratios (ORs)
and their 95% confidence intervals (CIs) were reported. Variables that had a P value of <0.2 in the univariate
analyses were included in the multivariable model. Kaplan—Meier curves were plotted to compare the incidence
for the composite adverse outcome in patients with COPD according to dichotomous independent outcome
predictors and the Log rank test was employed to assess the statistical significance of differences between curves.

Since physiological studies have shown that during exercise, the use of supplemental oxygen can decrease minute
ventilation and postpone the occurrence of dynamic hyperinflation, leading to a delay in the onset of dyspnea, which may
enable higher exercise intensity,”> a sensitivity analysis was conducted while excluding patients requiring oxygen
supplement during the 6MWT.

Results
Study Subjects

During the study period, a total of 163 COPD patients were included, and Figure 1 shows the flow diagram of the study
population. The study cohort had a mean age of 71 years and 90% of them were males (Table 1). Approximately two-fifths of
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Enrolled in COPD P4P
program, 2019/1-2020/5
(N =310)

Exclusion (N = 123)
» * No 6MWT within 90 days of enrollment (N = 115)
* Not first-ever 6 MWT (N = 8)

y
COPD patients with 6MWT

(N =187)
Exclusion (N = 24)
* Loss to follow-up within 1 year (N = 16)
* Early stoppers in 6MWT (N = 6)
* Non-respiratory mortality (N = 2)

y
Study cohort
(N =163)

Figure | Study flow diagram.
Abbreviations: 6MWT, 6-minute walk test; COPD, chronic obstructive pulmonary disease; P4P, pay-for-performance.

the patients were underweight and more than a half had a normal weight. Forty-four percent of the patients had significant
dyspnea (mMRC scale >2) and 28% were classified as GOLD grade III or IV. About one out of eight patients had experienced
moderate to severe exacerbations in the past 1 year before the 6MWT. During the 6MWT, the patients walked 388 meters on
average, representing 83% of the predicted 6MWD (Table 2). The mean nadir SpO, was 91% and 31% of the cohort exhibited
EID. Pace variability of the study subjects was 0.36 + 0.22.

Composite Adverse Outcome

At l-year follow-up, the composite adverse outcome of overall mortality or COPD hospitalizations developed in 19
(12%) of the study population. Patients with the composite outcome were more likely to experience exacerbations in
the prior 1 year (32% vs 10%) and have an FEV1 <50% predicted (47% vs 26%) compared with those without the
composite outcome (Table 1). The 6MWD was shorter in COPD patients with the outcome (327 £+ 110 meters) than in
those without (396 + 98 meters). The % predicted 6MWD was also lower for study subjects encountering the adverse
events (Table 2). Patients with the composite adverse outcome had greater pace variability (0.56 + 0.34) compared
with those without the composite adverse outcome (0.33 £ 0.18). Figure 2 presents the ROC curves to predict the
composite outcome for the 6MWD, % predicted 6MWD, and pace variability. The best cutoffs for the three
aforementioned variables were <333 meters, <72%, and >0.39, respectively. Study subjects with the composite adverse
outcome more likely walked for a distance <333 meters or <72% of predicted 6MWD and had pace variability >0.39
during the 6MWT (Table 2).

Multivariable Analysis

Multivariable logistic regression analyses (Table 3) showed the association between patient characteristics and 6MWT-
derived variables and the composite adverse outcome. Two independent predictors for the adverse outcome were
identified as % predicted 6MWD <72 (adjusted OR, 7.080; 95% CI, 1.481-33.847) and pace variability >0.39 (adjusted
OR, 9.444; 95% CI, 2.689-33.170). Patients with % predicted 6MWD <72 showed significantly worse composite
outcome-free survival compared with patients with predicted 6MWD >72 (Figure 3A). Figure 3B shows the same result
for dichotomous pace variability (>0.39 vs <0.39). Moreover, COPD subjects with both % predicted 6 MWD <72 and
pace variability >0.39 had a notably worse outcome at the end of the one-year follow-up period (Figure 3C). The
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Table | Demographics and Characteristics of Patients with Chronic Obstructive Pulmonary Disease
Categorized by the Composite Adverse Outcome

Variables All Patients Without With P value
Composite Outcome | Composite Outcome
(N =163) (N = 144) (N=19)
Age, y 7110 7110 69£11 0.528
265 121 (74) 109 (76) 12 (63) 0.268
Male gender 147 (90) 129 (90) 18 (95) 0.696
Current smoker 16 (10) 16 (11) 0 (0) 0.220
BMI, kg/m? 24.2+3.8 24.1x3.7 25.1+4.6 0.263
<185 66 (41) 57 (40) 9 (47) 0.802
18.5~24.9 86 (53) 77 (54) 9 (47)
>24.9 11 (6.7) 10 (6.9) 1 (5.3)
mMRC dyspnea scale
22 72 (44) 60 (42) 12 (63) 0.159
Comorbidities
Hypertension 18 (11) 15 (10) 2 (l16) 0.445
Coronary artery disease 5@3.1) 4 (2.8) 1 (5.3) 0.466
Diabetes mellitus 6 (3.7) 5 (3.5) 1 (5.3) 0.530
Exacerbations in prior | y 21 (13) 15 (10) 6 (32) 0.020
FEV,, % predicted
250 117 (72) 107 (74) 10 (53) 0.048
<50 46 (28) 37 (26) 9 (47)

Abbreviations: BMI, body mass index; FEVI, force expiratory volume at | s; mMRC, modified Medical Research Council.

sensitivity analysis by excluding 4 patients needing oxygen during the walk test did not change the prognostic
significance of pace variability and % predicted 6MWD in the multivariable analysis (Results not shown).

Validation
The validation cohort comprised 178 individuals with COPD, and their characteristics can be found in the supplementary
material (Supplementary Table 1). Using the cutoffs of % predicted 6 MWD and pace variability obtained in our study, we

were similarly able to identify COPD patients with distinct 1-year outcomes (Supplementary Figure 1).

Discussion

In this study, we investigated the potential prognostic value of a new feature called pace variability, which is derived
from the 6MWT, for predicting adverse outcomes in patients with COPD over a one-year follow-up period. The study
revealed that a higher pace variability during the 6BMWT can serve as a significant prognostic indicator for mortality and
hospitalizations. Additionally, the combination of pace variability and the traditional measurement of % predicted
6MWD can refine the prognosis and better predict adverse outcomes. In brief, this study provides the first evidence
supporting the prognostic value of pace variability during the 6MWT in COPD patients, highlighting its importance in
identifying high-risk individuals.
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Table 2 Variables Derived from the 6-Minute Walk Test and Their Association with the Composite

Adverse Outcome

Variables All Patients Without With P value
Composite Outcome | Composite Outcome
(N =163) (N = 144) (N=19)

6-minute walk test
Nadir SpO, 91+4 91+4 8916 0.173
EID <88% 50 (31) 43 (30) 7 (37) 0.535
Modified Borg Scale 3.2#1.3 3.2+£13 3.6£1.7 0.213
6MWD, m 388101 396+98 327+110 0.005
<333° 46 (28) 37 (26) 9 (47) 0.048
6MWD, % predicted 8319 85+17 69125 0.016
<72° 38 (23) 28 (19) 10 (53) 0.003
Pace variability 0.36+0.22 0.33£0.18 0.56+0.34 0.010
20.39° 57 (35) 42 (29) 15 (79) <0.001

Note: *Dichotomized by the best cutoff using the receiver operating characteristic curve analysis.
Abbreviations: 6MWD, 6-minute walk distance; EID, exercise-induced oxygen desaturation.

Pacing strategies have been well discussed in the literature with regard to sports medicine, particularly for long-

distance sport events. Of those, running events like marathons and half-marathons have gained the highest popularity in

recent decades. Although pacing in a marathon can be evaluated using several methods, faster runners have been shown

to adopt a pacing strategy with lesser pace variability regardless of applied methods.??® Studies have suggested several
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Figure 2 Receiver-operating characteristic curve analysis showing the accuracy of (A) 6-minute walk distance, % predicted and (B) pace variability to discriminate chronic
obstructive pulmonary disease patients with and without the composite adverse outcome. The area under the curve (AUC), 95% confidence interval (Cl), and P value were
as follows: AUC = 0.71, 95% Cl = 0.56-0.86, P = 0.003 for 6-minute walk distance, % predicted. AUC = 0.75, 95% Cl = 0.61-0.88, P = 0.001 for pace variability.
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Table 3 Association of Patient Features with the Composite Adverse Outcome
Using the Multivariable Logistic Regression Analysis

Variables Adjusted OR 95% CI P value
mMRC dyspnea scale 22 0.272 0.055-1.335 0.109
Exacerbations in prior | y 3.193 0.836-12.201 0.090
FEV|, % predicted, per 1% increase 0.987 0.965-1.010 0.269
6MWD, % predicted <72 7.080 1.481-33.847 0.014
Pace variability 20.39 9.444 2.689-33.170 <0.001

Abbreviations: 6MWD, 6-minute walk distance; Cl, confidence interval; FEVI, force expiratory
volume at | s; mMRC, modified Medical Research Council; OR, odds ratio.

mechanisms and theories to explain the phenomenon, such as depletion of glycogen stores, rise in core temperature, and
neurophysiological interferences.”®>° For the first time, the current study investigated pacing of patients with COPD in
a distinctly different event, ie, 6MWT, and showed a prognostically significant association between greater pace
variability and an adverse outcome. The pathophysiological explanations behind this observation remain obscure and
should be certainly varied from those in competitive exercises. We speculate that COPD patients with greater pace
variability were not able to maintain a constant distribution of pace for two reasons as follows. First, they experienced
a higher intensity of breathlessness associated with lower cardiopulmonary reserve during the 6MWT and had to slow
down their pace unintentionally. Second, they were less likely to preserve physiological homeostasis in response to
intrinsic and extrinsic sensory signals because of limited physical performance and cognitive function.>' The aforemen-
tioned speculations may also partly explain why greater pace variability was linked to a poor 1-year prognosis in this
study. On the other hand, our study suggests a promising but unproven strategy for exercise training in COPD, ie, even
pacing brings more benefits than uneven pacing does.

The application of the 6 MWT has been confirmed as valid for patients with COPD and can be utilized to categorize them
into various risk groups based on their probability of mortality and hospitalizations for up to three years of follow-up.*'*
Our study reinforces the use of the 6SMWT as a reliable test in COPD, as we found that the 6MWD (with cutoff points at 333
meters or 72% of predicted) was a significant indicator of composite adverse outcome survival in the univariable analysis.
Furthermore, in the multivariable analysis, it provided independent prognostic information. The 6MWD cutoff in this study
was consistent with a large meta-analysis showing a discriminatory value of 350 meters to differentiate risks of death and
hospitalizations.® The cutoff value of the % predicted 6MWD has not been well established in COPD; however, our cutoff

(A) (B) (€

10 +—T1T— i 10 1t i X 1.0 + ==

+ 4+

0.8 0.8 0.8

Log-rank P =0.002 Log-rank P <0.001 Log-rank P <0.001

0.4+ 0.4+ 0.4

—6MWD, % predicted >72%
AND Pace variability <0.39
—Pace variability <0.39 (Dead n = 1)
Pace variability 20.39 (Dead n = 5)

BMWD, % predicted <72%
OR Pace variability >0.39

BMWD, % predicted <72%
AND Pace variability >0.39

8MWD, % predicted >72% (Dead n=1)
B6MWD, % predicted <72% (Dead n = 5)

Survival free of the composite adverse outcome
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Figure 3 Kaplan—Meier curves for the composite adverse outcome of respiratory mortality or hospitalization for chronic obstructive pulmonary disease, stratified by the
best cutoff of (A) 6-minute walk distance (6MWD), % predicted, (B) pace variability, and (C) both 6MWD, % predicted and pace variability.
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point was close to those (72% and 70%, respectively) established by Mura et al** and Mancuzo et al** for idiopathic
pulmonary fibrosis. Another noteworthy discovery of this study is that the % predicted 6MWD, calculated using the reference
equations of Enright and Sherrill, was a more dependable predictor of survival and severe COPD exacerbations compared to
the SMWD in absolute values.?’ This observation lends support to the need for the creation of reference equations on a larger
healthy population that encompasses diverse racial and ethnic backgrounds.*?

In this study, we proposed a new prognostic indicator, pace variability, to be evaluated during the 6MWT. However,
our aim was not to supplant traditional valuable indices such as % predicted 6MWD. We found that both pace variability
and % predicted 6 MWD had comparable discriminative power in differentiating COPD patients with different outcomes
regarding overall mortality and COPD-related hospitalizations. Notably, taking both indicators together provides more
value in recognizing COPD subjects with particularly worse outcomes. A rational application of our study's findings is to
supplement the existing 6MWT variable with our novel one to better inform prognostication for COPD patients.

This study has several limitations that should be taken into consideration. First, the cohort in this study consisted of
COPD patients enrolled in a pay-for-performance program and a limited number of patients suffered from the composite
adverse outcome; thus, the generalizability is still to be seen cautiously. However, as a novel index of the 6MWT, our
findings doubtlessly encourage more researches in this field. Second, only patients with their first-ever 6MWT were
included. Therefore, the well-known learning effect for the 6MWD should be borne in mind while applying our study
findings to the context that the subjects have a practice walk or two sessions of 6MWT are performed based on the 2014
ERS/ATS standard.*® Third, a change in a patient’s management plan was not protocolized given the non-interventional
nature of the current study; thus, the confounding effects of both pharmacological and non-pharmacological therapy on
prognosis cannot be excluded. Fortunately, this was a single institutional study conducted in an academic medical center
where patients in the pay-for-performance program were predominantly treated in accordance with Taiwan’s COPD
guidelines.'® These unique features may minimize the variations in quality of patient care among physicians and their
impact on our study results. Finally, despite the well-established reproducibility of the SMWT in patients with COPD,*’
there is still limited knowledge regarding the reproducibility of pace variability, particularly in an elderly population.
While a learning effect has been observed in repeated 6MWTs,>” its specific impact on pace variability in COPD patients
is not yet clear. Further research is necessary to address this issue and provide more insights.

Conclusion

In summary, pace variability, a novel but easily accessible 6MWT-derived feature, differed between COPD patients with
and without the composite adverse outcome during the 1-year follow-up. Patients with COPD who displayed greater pace
variability during the 6MWT were found to have a notably poorer prognosis in terms of respiratory mortality and COPD-
related hospitalizations. Furthermore, patients showing both a lower % predicted 6MWD and greater pace variability
during the 6MWT experienced a particularly poor 1-year outcome. Further studies are required to validate our findings in
a larger patient population with COPD.
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