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Abstract

Rationale: The 2011 combined Global Initiative for Chronic
Obstructive Lung Disease (GOLD) assessment incorporates
symptoms, exacerbation history, and spirometry in discriminating
risk of exacerbations in patients with chronic obstructive pulmonary
disease (COPD). Six-minute-walk distance (6MWD) and
accelerometry also have been used to assess disease severity in
COPD. The association between these measures and the risks of
hospitalization and mortality in the context of GOLD 2011 is
unknown.

Objectives: To describe changes in exercise tolerance and physical
activity over time in patients with COPD and to test the hypothesis
that lower baseline 6MWD or accelerometry step count is associated
with increased risk of COPD-related hospitalization or all-cause
mortality, independent of GOLD 2011 group.

Methods: Physical function and medical outcomes were
prospectively assessed in 326 patients with moderate to severe
COPD in INSPIRE-II, a randomized controlled trial of a coping skills
training intervention. Cox models were used to determine if GOLD

2011 group, 6MWD, or accelerometry steps were associated with
risk of COPD-related hospitalization or all-cause mortality.

Measurements and Main Results: Physical function declined
over time in GOLD group D but remained stable in groups A, B, and
C. GOLD classification was associated with time to death or first
COPD-related hospitalization. Baseline 6MWD was more strongly
associated with time to death or first COPD-related hospitalization
(hazard ratio, 0.50 [95% confidence interval, 0.34, 0.73] per 150 m,
P = 0.0003) than GOLD 2011 classification. A similar relationship
was observed for accelerometry steps (hazard ratio, 0.80 [95%
confidence interval, 0.70, 0.92] per 1,000 steps, P = 0.002).

Conclusions: Exercise tolerance and daily physical activity are
important predictors of hospitalization and mortality in COPD,
independent of GOLD 2011 classification. Physical function may
represent a modifiable risk factor that warrants increased attention
as a target for interventions to improve clinically meaningful
outcomes in COPD.
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Acute exacerbations of chronic obstructive
pulmonary disease (COPD) are associated
with substantial morbidity, mortality, and
cost (1–4), but individual risk of these
events is heterogeneous. In addition to

age and FEV1, the most consistent predictor
has been previous acute exacerbations (5).
In light of the relatively weak power of
spirometry alone to predict clinical
outcomes, the Global Initiative for Chronic

Obstructive Lung Disease (GOLD) revised
its clinical classification system beginning
with its 2011 guidelines, incorporating
both FEV1 and symptoms to create four
risk categories labeled A through D (1).
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Several large studies have examined the value
of the GOLD 2011 classification in predicting
acute exacerbations, COPD-related
hospitalizations, and mortality (6–11).
Overall, these studies have shown clear
separation of outcomes between groups
A and D, whereas the risk associated with
groups B and C may overlap. Outcomes vary
substantially among subgroups of GOLD C
and D in particular. In this context, there is
a need to further refine the ability to stratify
risk of acute events in COPD and especially
to identify risk factors on which patients or
providers can intervene.

Recently, there has been increasing
interest in physical activity as a prognostic
measure in COPD. Six-minute-walk distance
(6MWD) has consistently been associated
with survival in this population (12–17) and is
a component of the multidimensional BODE
(body mass index, airflow obstruction,
dyspnea, and exercise capacity) index (18)
grading system for COPD. Physical
activity can be measured reliably using
accelerometry in patients with COPD (19)
and is lower in patients with COPD than
in matched smoking control subjects (20).
Accelerometry measures are associated
with BODE index (21), quality of life
(22), and acute exacerbations of COPD (23).
Measures of physical activity based on both
accelerometry steps and estimated energy
expenditure have been associated with
mortality in this population (24). To our
knowledge, however, changes in 6MWD and
measured daily physical activity over time
have not been reported in a large population
characterized by GOLD 2011 classification.
Furthermore, the ability of 6MWD and
accelerometry to predict COPD-related
hospitalizations in the context of the GOLD
2011 classification has not been assessed.

The Investigational Study of
Psychological Intervention in Recipients of
Lung Transplantation-II (INSPIRE-II) study
(25, 26) was designed to evaluate a telehealth
coping skills training intervention in patients
with moderate to severe COPD. Compared
with a control group receiving COPD
education only, this intervention was
associated with no difference in the
composite primary outcome of all-cause
mortality and COPD-related hospitalizations,
despite improvements in somatic and
psychological quality-of-life outcomes. In the
current analysis, we apply the GOLD 2011
classification to the INSPIRE-II cohort.
We describe changes in 6MWD and daily
accelerometry steps by GOLD 2011 group.

We then test the hypothesis that physical
function as measured by 6MWD or
accelerometry is associated with a primary
outcome of time to first COPD-related
hospitalization or all-cause mortality,
independent of GOLD 2011 group.

Some of the results of this study have
been previously published in the form of
an abstract (27).

Methods

Study Design and Subjects
Participants were enrolled in the INSPIRE-II
randomized trial of coping skills training
(25, 26). Briefly, INSPIRE-II was a dual-
site (Duke University Medical Center and
Ohio State University) randomized trial that
included 326 participants with COPD.
Inclusion criteria consisted of FEV1 25
to 80% predicted within 6 months of
study enrollment, prebronchodilator FEV1/
FVC, 0.7, and capacity to give informed
consent and follow study procedures.
Post-bronchodilator spirometry was not
performed. Randomization was stratified
by site (Duke or Ohio State), presence of
a primary caregiver, sex, smoking status, and
FEV1 (<50% predicted or .50% predicted).
The Duke and Ohio State Institutional Review
Boards approved the protocol, and all subjects
provided written informed consent. The first
subject was randomized in January 2009, and
the last follow-up was completed in June 2014.

GOLD 2011 Classification and
Prior Exacerbations
The St. George’s Respiratory Questionnaire
(SGRQ) (28) was used as a measure of
COPD-related symptoms. The SGRQ
has been used in previous analyses (7)
as a surrogate for the COPD Assessment
Test (CAT) or modified Medical Research
Council dyspnea scale for determining
GOLD 2011 group. An SGRQ cutoff score
greater than or equal to 25 was used in
place of the CAT cutoff of greater than
or equal to 10, in keeping with prior studies
(7) and the described correlation between
the two instruments (29).

Prior acute exacerbations of COPD
were assessed at the time of trial
enrollment as either the number of
courses of prednisone or the number
of hospitalizations for COPD in the past
year by self-report, whichever was greater.
Both prior prednisone courses and prior
hospitalizations were recorded as zero, one

to two, three to five, or more than five;
therefore, the cutoff of two or more prior
exacerbations could not be used to define
the higher-risk GOLD categories C
and D. However, of the seven patients
categorized as GOLD A or B on the basis
of spirometry and SGRQ but with one to
two prior exacerbations, all had had a prior
hospitalization for COPD exacerbation
and were therefore reassigned to GOLD
C or D based on the 2014 revision of
the GOLD classification (30). This left
no patients at risk for misclassification
of GOLD group.

Accelerometry and 6-Minute-
Walk Test
Physical activity during daily life was
quantified using the Kenz Lifecorder Plus
accelerometer (Model NL-2160; Suzuken
Co. Ltd., Nagoya, Japan). This device
accurately counts more than 85% of
manually observed steps in older adults
at walking speeds as low as 54 m/min and
greater than 95% of observed steps at speeds
of at least 67 m/min (31). Patients wore
the accelerometer for two successive days
both before randomization (i.e., at baseline)
and after 16 weeks of treatment. The
average number of steps per day over the
2-day period at baseline was used for the
current analysis.

Two subjects experienced technical
problems with the accelerometer at baseline,
and one subject had only 1 day of data; these
three subjects were thus excluded from
all analyses requiring accelerometry
data. Thirty-five subjects did not have
accelerometry data at 16 weeks and were
thus excluded from analyses involving
change in total steps over time; specifically,
20 dropped out, 3 died, and the remainder
did not have interpretable data. The 6-
minute-walk test (6MWT) was used as
a marker of functional capacity (32). There
were no missing 6MWT data at baseline.
Twenty-five patients were missing 6MWT
data at 16 weeks: 20 dropped out, 3 died,
and 2 did not present for the in-person
study visit.

Medical Events
Patients documented all medical
encounters every 6 months. Medical
records were reviewed by a physician
assistant, and a consensus conference of
study pulmonologists, blinded to treatment
condition, adjudicated all medical events.
A composite endpoint of time to first
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COPD-related hospitalization or all-cause
mortality served as the primary outcome.

Statistical Analysis
Analyses were performed using SAS version
9.2 (Cary, NC). We elected to model
GOLD groups categorically, using group
A as the reference. Differences in baseline
characteristics among GOLD groups were
assessed using one-way analysis of
variance or Chi-square test as appropriate.
For analyses of changes in 6MWD
accelerometry steps over time, we used
analysis of covariance, using the post-
treatment value of either 6MWD or total
accelerometry steps as the response variable
and the respective pretreatment value, age,
Charlson comorbidity index, treatment
site, and treatment group as predictors.
Because the baseline value of the response
variable is included in these models as
a predictor, the parameter estimates can
be interpreted as the association with
residualized change in the response variable.

Thirty-five subjects were excluded from
analyses of change in accelerometry steps
due to missing values at 16 weeks, and
25 subjects were similarly excluded from
analyses of change in 6MWD at 16 weeks.
We evaluated the relationships between
GOLD classification with and without
physical function measures (accelerometry
steps and 6MWD) and the primary
outcome of time to first COPD-related
hospitalization or all-cause mortality
using Kaplan-Meier log-rank tests and
Cox proportional hazards models. Patients
with no events or who were lost to follow-
up were censored at the time of last
contact. For Kaplan-Meier plots, baseline
6MWD was stratified as less than 300 m,
300 to 449 m, and 450 or more m, and
baseline accelerometry as less than 2,000,
2,000 to 3,999, and 4,000 or more steps,
to approximate tertiles while also providing
convenient numerical ranges to help
facilitate interpretation.

Within the Cox models we controlled
for age, Charlson comorbidity index,
hospitalizations or use of prednisone for
COPD exacerbation during the past year
(0 = none; 1 = one; 2 = two or more),
treatment site, and treatment arm. In these
models, baseline 6MWD and accelerometry
were modeled in their continuous form,
scaled such that one unit represented 150 m
and 1,000 steps, respectively. We first
validated the prognostic value of the GOLD
2011 classification in our cohort, without

physical function measures included in the
Cox model. We then tested our primary
hypotheses by adding baseline 6MWD or
total daily accelerometry steps to separate
models. We elected not to include both
6MWD and accelerometry steps in a single
model due to the relatively high correlation
between these measures (r = 0.59, P,
0.001). In separate models, we examined
whether changes in 6MWD and total daily
accelerometry steps from baseline to
16 weeks were associated with the same
primary outcome (limited to events
occurring after 16 wk). In these analyses,
we adjusted for the same covariates as
above, in addition to the baseline level of
6MWD or total daily accelerometry steps
as appropriate.

Thirty-five subjects were excluded from
the accelerometry change model due to
missing data at 16 weeks, and 25 were
excluded from the 6MWD change model
for similar reasons. We evaluated the extent
to which all models met assumptions,
including additivity, linearity, and
distribution of residuals. We found

no evidence of significant violations of
these assumptions.

Results

Baseline Characteristics
Baseline characteristics are shown in
Table 1. Group D was the most common
GOLD classification (n = 191 [59%]),
followed by B (91 [28%]), A (27 [8%]),
and C (17 [5%]). Baseline 6MWD (P,
0.001), duration of COPD (P, 0.001),
total accelerometry steps (P, 0.001), and
supplemental oxygen use (P, 0.001) all
differed by GOLD 2011 group.

Exercise Tolerance and Physical
Activity by GOLD 2011 Group
As shown in Figure 1, change in 6MWD
over 16 weeks differed by GOLD 2011
group (P = 0.012 for one-way analysis of
variance), with group D showing a decline
that was significantly different from the
relative increase in 6MWD in group
B (P = 0.007). A similar pattern was
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Figure 1. Changes in exercise tolerance and daily physical activity. Bars represent mean changes
in (A) 6-minute-walk distance, and (B) total daily accelerometry steps over 16 weeks, by Global
Initiative for Chronic Obstructive Lung Disease (GOLD) 2011 group. Vertical brackets represent
SEM changes. *P, 0.05 for pairwise comparison of change in group D versus B. **P, 0.05 for
pairwise comparisons of change in group D versus all other groups.

ORIGINAL RESEARCH

Durheim, Smith, Babyak, et al.: 6-Minute-Walk Distance and Accelerometry in COPD 351



observed for change in accelerometry steps
over 16 weeks (P, 0.0001), with daily
physical activity declining in group D
compared with groups A (P = 0.0002),
B (P = 0.0005), and C (P = 0.012).

Relationships between GOLD 2011
Classification, Functional Status,
and Outcomes
Sixty-nine individuals experienced the
primary outcome event, including 12 deaths.
In unadjusted Kaplan-Meier analyses,
time to first COPD-related hospitalization
or all-cause mortality was associated with
GOLD 2011 group (P = 0.0007 for log-rank
test, Figure 2) and strata of 6MWD (P,
0.0001, Figure 3) and total accelerometry
steps (P, 0.0001, Figure 4).

In the multivariable Cox models
(Table 2), we found that patients in GOLD
group D were more likely to experience
a COPD-related hospitalization or die
during follow-up compared with patients
in group A (hazard ratio [HR] = 7.34 [95%
confidence interval (CI), 1.00, 53.61],
P = 0.050), whereas groups B and C did
not differ significantly from group A (P’s.
0.257). Within this model, greater number
of prior exacerbations (P = 0.005) and older

age (P = 0.004) were also associated
with greater likelihood of COPD-related
hospitalization or all-cause mortality.
When baseline 6MWD was added to
this model, the association between GOLD
classification and the primary outcome was
attenuated (P’s. 0.203). Higher 6MWD
was associated with prolonged time to first
COPD-related hospitalization or all-cause
mortality (HR = 0.50 per 150-m difference
in 6MWD [95% CI, 0.34, 0.73], P = 0.0003).
Prior exacerbations (P = 0.011) continued
to be predictive in this model. Similar
associations were noted when total
accelerometry steps were added to the
model (without 6MWD): all associations
between GOLD classification and outcome
events were attenuated (P’s. 0.191),
whereas greater accelerometry steps was
significantly associated with prolonged time
to the primary outcome event (HR = 0.80
per 1,000-step difference [95% CI, 0.70,
0.92], P = 0.002). Prior exacerbations
(P = 0.002) and older age (P = 0.043)
remained predictive in this model.

In a separate model, accounting for
the same covariates, increases in 6MWD
during the 16-week intervention period
were associated with a trend toward lower

risk of COPD-related hospitalization or
all-cause mortality (HR = 0.83 per 30-m
increase [95% CI, 0.68, 1.02], P = 0.075).
Similarly, increases in total accelerometry
steps over 16 weeks were associated with
a trend toward lower risk of COPD-related
hospitalization or all-cause mortality
(HR = 0.99 per 50-step increase [95% CI,
0.98, 1.00], P = 0.068). However, the HRs
associated with GOLD 2011 groups could
not be estimated in these models, thus not
allowing for assessment of the independent
effects of these physical activity measures.

Discussion

We describe short-term changes in exercise
tolerance and measured physical activity
during daily life among patients with COPD
by GOLD 2011 classification and the impact
of baseline physical activity measures on the
risk of COPD-related hospitalization and all-
cause mortality. At baseline, both 6MWD and
total daily physical activity differed by GOLD
2011 group: patients in group A had the
greatest exercise tolerance and activity level,
patients in group D had the poorest exercise
tolerance and activity level, and functional
status of the intermediate-risk groups B and C
varied according to the symptoms axis rather
than airflow obstruction axis of the combined
GOLD classification. Both 6MWD and total
daily physical activity declined over a 16-week
period in patients in group D, whereas these
measures remained relatively stable over time
in the other GOLD groups. In keeping with
other published studies (6, 8, 10, 11), GOLD
2011 classification was associated with
the risk of combined COPD-related
hospitalization and all-cause mortality. In
multivariable models, both 6MWD and
accelerometry were more strongly associated
than GOLD 2011 classification with time
to first COPD-related hospitalization or
all-cause mortality.

Several previous studies have examined
physical function and clinical outcomes in
the context of the GOLD 2011 classification.
Differences in 6MWD across GOLD 2011
groups in our cohort were similar to both
COPDGene (Genetic Epidemiology of
COPD) (7) and ECLIPSE (Evaluation
of COPD Longitudinally to Identify
Predictive Surrogate Endpoints) study groups
(6). Total daily accelerometry step counts
were comparable to those reported across
strata of spirometric severity by Jehn and
colleagues (21). In a large study combining

Table 1. Baseline characteristics

GOLD A
(n = 27)

GOLD B
(n = 91)

GOLD C
(n = 17)

GOLD D
(n = 191)

Age, yr 65.9 (7.5) 66.6 (8.8) 68.4 (10.2) 65.7 (8.0)
Male, n (%) 21 (78) 58 (64) 11 (65) 109 (57)
White, n (%) 26 (96) 85 (93) 15 (88) 159 (83)
Smoking status, n (%)
Current 4 (15) 16 (18) 2 (12) 36 (19)
Ever 26 (96) 88 (97) 17 (100) 177 (93)

Duration of COPD,* yr 3.5 (3.3) 5.0 (3.7) 4.8 (3.2) 6.8 (3.8)
FEV1, L 2.03 (0.5) 1.85 (0.5) 1.19 (0.4) 1.3 (0.4)
FEV1, % predicted 64.7 (11.0) 62.2 (8.8) 40.1 (9.9) 35.0 (10.9)
FEV1/FVC 0.58 (0.10) 0.60 (0.11) 0.43 (0.12) 0.45 (0.14)
6MWD,* m 472 (75) 392 (105) 435 (79) 313 (102)
Accelerometry
Total steps* 6,791 (3,567) 4,216 (2,729) 5,456 (3,132) 3,247 (2,634)

Supplemental oxygen
use,* n (%)

2 (7) 14 (15) 5 (29) 98 (51)

Pulmonary rehab during
study, n (%)

2 (4) 8 (9) 2 (12) 33 (17)

Exacerbations in prior
yr, n

0 27 91 15 141
1–2 0 0 2 41
>3 0 0 0 9

Definition of abbreviations: 6MWD= 6-minute-walk distance; COPD= chronic obstructive pulmonary
disease; GOLD =Global Initiative for Chronic Obstructive Lung Disease.
Values given as mean (SD) unless otherwise noted.
*P, 0.05 for differences across GOLD 2011 groups by one-way analysis of variance.
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two Copenhagen-based epidemiologic
cohorts, Lange and colleagues (10) reported
a consistent risk pattern for both COPD-
related hospitalizations and all-cause
mortality at 1 and 3 years, with groups A
and D having the lowest and highest risk,
respectively. Risk was slightly higher in group
B compared with group C for each outcome.
In contrast, a stepwise increase in risk of
acute exacerbation from group A to D was
observed in the ECLIPSE (6) and Genetics of
COPD (GenKOLS) (8) studies. Compared
with these cohorts, patients in INSPIRE-II
exhibited greater severity of COPD, with
more than half of our population in GOLD
group D and less than 10% in group A.
Nonetheless, the pattern of risk across GOLD
2011 groups was generally similar to these
prior reports.

Prior studies have found significant
variability in risk of COPD exacerbation and
related hospitalization within GOLD groups
C and D (6, 7, 10). In particular, risk
depends on the symptom scale used and
whether patients are classified into these
groups on the basis of prior exacerbations,
severity of airflow obstruction, or both.
This difference in outcomes within
groups with uniformly poor lung function
highlights the importance of identifying
complementary means of stratifying risk
within these GOLD 2011 groups. Our

results suggest that differences in physical
function may help explain this variability.

The association between 6MWD and
outcomes in COPD was well-documented
before the introduction of the GOLD 2011
classification. 6MWD has been consistently
associated with survival, in some studies
more strongly than FEV1 (12–17). In
ECLIPSE, a threshold 6MWD was
predictive of both overall survival and
risk of COPD-related hospitalization (16),
although 6MWD was not independently
associated with acute exacerbation risk in
multivariable models including FEV1 and
SGRQ score (33). The multidimensional
BODE index, which incorporates 6MWD,
is predictive of both mortality (18) and
COPD-related hospitalization (34). In our
study, 6MWD had a similar impact on risk
of COPD-related hospitalization or all-
cause mortality, and this relationship was
independent of GOLD 2011 classification,
prior exacerbation history, and
comorbidities.

In contrast to 6MWD, the relationship
between daily physical activity and outcomes
in COPD is a relatively new area of
investigation. Newly diagnosed patients
with COPD walk significantly fewer steps
per day than matched smoking control
patients with similar 6MWD (20). Daily
accelerometry step counts are inversely

associated with higher GOLD 2007 stage
(21) and are predictive of quality of life
independent of age and FEV1 (22). In
INSPIRE-II, the pattern of total daily steps
across GOLD 2011 groups is consistent
with that of 6MWD, with patients in group
C being slightly more physically active than
those in group B in spite of objectively
more severe airflow obstruction. In keeping
with the longitudinal trajectory of 6MWD,
total accelerometry steps decreased over
16 weeks in GOLD group D while
remaining stable or increasing slightly in
the other groups. Taken together, these
data show not only that patients in group
D represent the least physically functional
and active patients with COPD but also that
their disease status may be worsening at
a higher rate compared with other groups.
Decreasing physical activity over time
may also lead to deconditioning, which
compounds the exertional dyspnea
associated with worsening disease severity.

Prior studies have shown that both
self-reported (35) and accelerometry-
measured (23) physical activity predict
acute exacerbations of COPD. Recently,
Moy and colleagues reported that an index
of daily step count and C-reactive protein
or IL-6 levels was associated with frequency
of acute exacerbations of COPD (36).
After hospitalizations for COPD
exacerbations, lower physical activity
levels as measured by accelerometry are
associated with higher risk of 30-day
readmission in a prospective study (37).
Waschki and colleagues (24) compared
both accelerometry step counts and
a measure of physical activity level based
on estimated energy expenditure to
established predictors of mortality in
COPD and found both measures to be
more strongly associated with mortality
than FEV1, SGRQ score, and 6MWD in
individual pairwise comparisons. In
contrast to these prior reports, the
current study provides the opportunity to
evaluate the association between measured
physical activity and COPD-related
hospitalizations in a larger, more advanced
COPD population, in the context of the
most current GOLD classification, and
together with other known predictors of
outcomes in COPD. Our data show that
both baseline 6MWD and total daily
physical activity are more strongly
associated than GOLD 2011 group with
combined COPD-related hospitalization
or all-cause mortality. This association is
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(C, n = 17), and group D (D, n = 191). P = 0.0007 for Kaplan-Meier log-rank test. Subjects at risk
are below the x axis.

ORIGINAL RESEARCH

Durheim, Smith, Babyak, et al.: 6-Minute-Walk Distance and Accelerometry in COPD 353



robust to multivariable models
incorporating Charlson comorbidity
index, age, and previous exacerbations.

Our results highlight the importance
of functional capacity in the assessment
of patients with COPD. 6MWD can be
assessed serially in the clinic or pulmonary
rehabilitation setting, and accelerometry
provides a relatively inexpensive,
nonintrusive means of objectively assessing
patients’ daily physical activity level
outside of a controlled clinic setting.

The degree to which risk of COPD-
related hospitalization or mortality can
be modified through changes in functional
status remains uncertain. The effect of
pulmonary rehabilitation specifically on
long-term outcomes has been mixed;
although there has been no significant
mortality benefit in most large controlled
studies, the effect on hospitalizations
appears more favorable (38–42). In
particular, Seymour and colleagues (40)
showed decreased recurrent hospitalization

in a randomized trial of pulmonary
rehabilitation after acute exacerbation,
emphasizing the need to focus on
improving functional status in patients
at highest risk for hospitalization.

Several limitations of our study should
be considered. The study population was
predominantly white; our results would
benefit from validation in more racially
diverse cohorts. INSPIRE-II was not
designed to assess the risk of hospitalization
or mortality on the basis of the current
GOLD classification. Neither the modified
Medical Research Council dyspnea scale nor
CAT were used in the trial; however, the
SGRQ correlates strongly with the CAT (29)
and was the primary symptom assessment
tool used to classify patients into GOLD
2011 groups in COPDGene (7). Although
prior exacerbation history was assessed at
the time of enrollment in INSPIRE-II,
patients were categorized using the
following ranges: zero, one to two, three to
five, or more than five exacerbations in the
past year. This categorization prevented us
from using the threshold of two or more
exacerbations to help define the higher-risk
GOLD categories C and D (1). However,
after assigning patients with one or more
previous hospitalizations for COPD to
categories C and D as per the 2014 revision
of the GOLD guidelines (30), there were
no remaining patients in categories A or
B with one or two prior exacerbations,
and thus all patients were classified
appropriately. The cell sizes for the GOLD
B and C categories were relatively small,
which may have produced less reliable
estimates for these groups in the Cox
models (43). However, we believed it was
most appropriate to model GOLD groups
categorically, as not all studies have found
a stepwise increase in risk from A to D. The
accelerometer used in the study has not
been previously validated in patients with
COPD, and accuracy of the device was
not formally assessed in INSPIRE-II.
Finally, although we were able to perform
exploratory analyses evaluating the effect
of changes in physical activity measures
on risk of COPD-related hospitalization
or all-cause mortality, low event rates
in these models prevented us from
concomitantly evaluating the effect of
GOLD 2011 group. Future studies should
prospectively investigate the relationships
between changes in physical activity,
hospitalization, and mortality risk in
COPD.
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Figure 3. Impact of baseline 6-minute-walk distance on risk of chronic obstructive pulmonary
disease (COPD)-related hospitalization or all-cause mortality. Stratified as less than 300 m (n = 96),
300 to 449 m (n = 164), and 450 m or more (n = 66). P, 0.0001 for Kaplan-Meier log-rank test.
Subjects at risk are below the x axis.
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Figure 4. Impact of baseline daily accelerometry steps on risk of chronic obstructive pulmonary
disease (COPD)-related hospitalization or all-cause mortality. Stratified as less than 2,000 steps
(n = 99), 2,000 to 3,999 steps (n = 104), and 4,000 or more steps (n = 121). P, 0.0001 for
Kaplan-Meier log-rank test. Subjects at risk are below the x axis.
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In summary, we have demonstrated
that when adjusted for age, comorbidities,
and prior exacerbation history, both
baseline 6MWD and daily physical activity
measured by accelerometry were more
strongly associated than GOLD 2011
classification with time to first COPD-

related hospitalization or all-cause
mortality. Both 6MWD and daily physical
activity declined over a relatively short
period of time in GOLD group D as
compared with other groups. These findings
suggest that physical function is an
important marker of risk in COPD and that

interventions directed at reducing
exacerbation risk through physical activity
may warrant increased attention in this
population. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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