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ABSTRACT Determinants of change in physical activity and outcomes of physical activity promotion are
unclear. In this secondary analysis of a randomised controlled trial of a physical activity intervention, we
assess predictors of change in physical activity and the effects of increasing physical activity on chronic
obstructive pulmonary disease (COPD) measures.

Physical activity was promoted in 94 subjects with COPD using the Omron HJ-720ITC pedometer
alone or the pedometer plus a website that provides goal setting, feedback, motivational and educational
messages, and social support for 3 months. We assessed forced expiratory volume in 1 s (FEV1), 6-min
walk test (6MWT) distance, depression, social support and markers of systemic inflammation (C-reactive
protein (CRP) and interleukin (IL)-6). Data from both groups were combined and subjects categorised as
responders (increased steps per day) or nonresponders (decreased steps per day). Linear regression models
explored predictors of change in physical activity and assessed the effect of response on changes in COPD
measures.

The cohort of responders (n=62) and nonresponders (n=32) had mean FEV1 1.89±0.64 L (63±22%
predicted). Baseline steps per day, diagnosis of depression, social support, oxygen use and season
significantly predicted change in daily step count. Responders had increases in physical activity (2038 steps
per day), FEV1 (308 mL) and 6MWT distance (43.6 m), and decreases in CRP (7.84 mg·L−1) and IL-6
(2.73 ng·mL−1) compared with nonresponders (p<0.0001–0.009).

History of depression, social support, oxygen use and season predict change in physical activity, and
should be routinely assessed in exercise counselling. Increases in physical activity are associated with
improvements in lung function, exercise capacity and systemic inflammation.
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Introduction
The Global Initiative for Chronic Obstructive Lung Disease guidelines recommend regular physical activity
for all persons with chronic obstructive pulmonary disease (COPD) [1]. Observational cross-sectional
[2–6] and longitudinal [7, 8] studies have demonstrated associations between higher levels of physical
activity and better COPD health outcomes, such as decreased risk of acute exacerbations, hospital
(re)admissions and death, independent of forced expiratory volume in 1 s (FEV1), and identified
predictors of physical activity [9]. Although a number of interventions have been shown to be efficacious
to increase physical activity in persons with COPD, knowledge gaps about change in physical activity exist
[10–15]. Determinants of change in physical activity, as a result of active physical activity promotion, are
unclear. The relationships between increases in physical activity, in response to physical activity
promotion, and COPD health measures are not well understood.

Studies to date have focused on testing the efficacy of specific physical activity interventions [10–15].
Identification of characteristics that predict change in physical activity, independent of specific physical
activity interventions, would allow targeted selection of patients who would benefit from physical activity
promotion. Attention to such characteristics would also optimise patient responses to physical activity
promotion. In addition, the summary group values for change in physical activity reported in these studies
do not capture the heterogeneity of individual responses [10–15]. Not all participants in intervention
groups have the same degree of improvement and subsets of participants in control groups increase
physical activity [10–15]. We assert that we can enhance our understanding of the effects of increasing
physical activity on COPD measures by examining individual responses to physical activity promotion
rather than limiting assessments to randomised group responses to specific physical activity interventions.

We developed a physical activity intervention based on the Behavioural Theory of Self-Regulation that
combines the Omron HJ-720ITC pedometer (Omron Healthcare, Bannockburn, IL, USA) and a website
that provides goal setting, feedback, motivational and educational messages, and social support [12, 14,
16–18]. We have previously demonstrated its efficacy to increase daily step counts in two randomised
controlled trials (RCTs) [12, 14]. In one study, Every Step Counts (ESC), physical activity was promoted
with a pedometer alone or with a pedometer plus website for 3 months, and participants were well
characterised at baseline and end of study [14]. In this secondary analysis, we combined the two physical
activity promotion groups to 1) explore physiological and psychosocial characteristics that predict change
in daily step counts, and 2) examine the effect of increases in physical activity on changes in COPD
measures.

Methods
This is a secondary analysis of data from the ESC study (ClinicalTrials.gov identifier NCT01772082) [14].
The design was a single-site RCT which compared a pedometer plus website that provided goal setting,
feedback, motivational and educational content, and social support to a pedometer alone. A previous
publication, which adhered to the CONSORT checklist for reporting randomised trials, described the
research methods in detail [14]. Results for the primary outcome of daily step count have been reported [14].
The protocol was approved by the VA Boston Healthcare System Committee on Human Research (approval
2328) and written informed consent obtained.

Patient recruitment and eligibility
Eligible participants were enrolled from the pulmonary clinics at VA Boston Healthcare System (Boston,
MA, USA) between 2012 and 2016, and were ⩾40 years of age, had COPD with a smoking history of
⩾10 pack-years and a FEV1/forced vital capacity ratio <0.70 or emphysema on clinical chest computed
tomography, and had access to the internet [14]. Exclusion criteria included inability to ambulate without
assistance and unstable cardiovascular disease [14].

Physical activity promotion groups
Participants were randomly assigned in a 1:1 ratio to pedometer alone or pedometer plus website for
3 months [14]. The pedometer-alone group was instructed to wear the Omron pedometer every day and
upload step-count data via the website at least monthly. They received written materials about exercise, but
no step-count goals or access to content on the website. The pedometer-plus-website group was instructed
to wear the pedometer every day and upload at least weekly. They received weekly step-count goals, access
to motivational and educational content, and an online community forum [12, 14, 16–18].

Data collection
Data were collected on participants’ characteristics chosen a priori for possible association with physical
activity. Participants attended in-person study visits at baseline and end of study. Medical history,
comorbidities, medication use, supplemental oxygen use and acute exacerbations prior to study entry were
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assessed. Lung function was measured using an Eaglet spirometer (nSpire Health, Longmont, CO, USA) [19].
The 6-min walk test (6MWT) was performed according to American Thoracic Society guidelines [20];
a practice walk was not completed. C-reactive protein (CRP) and interleukin (IL)-6 were measured using
a high-sensitivity immunoturbidimetric assay with a sensitivity of 0.03 mg·L−1 and 0.094 pg·mL−1,
respectively (Clinical and Epidemiologic Research Laboratory, Children’s Hospital, Boston, MA, USA) [6].
Health-related quality of life (HRQoL) was assessed with the St George’s Respiratory Questionnaire-Total
Score (SGRQ-TS) [21]. Dyspnoea was assessed with the modified Medical Research Council (mMRC) scale [22].
Diagnosis of depression was self-reported and current depression was assessed with the Beck Depression
Inventory (BDI)-II [23]. Social support was assessed with the Medical Outcome Study (MOS) social
support survey, with total score, and domains of emotional support, tangible support, affectionate support
and positive interaction [24]. Higher scores reflect greater social support. During the study, acute
exacerbations, emergency room visits and hospitalisations for pulmonary reasons were tracked.

Omron pedometer accuracy and step-count analyses have been previously detailed [25, 26]. Baseline daily
step count was averaged over at least 5 wear-days, collected over 7 days, prior to randomisation.
End-of-study step-count data were averaged over at least 5 wear-days collected over 7 consecutive days,
between days 77 and 90 after randomisation. A wear-day was defined as one that recorded ⩾100 steps and
⩾8 h of wear-time [12, 14, 25], and was a surrogate measure of Omron adherence. Change in daily step
count was the difference between the end-of-study and baseline daily step counts.

Data analysis
Subjects in both physical activity promotion groups were combined and categorised as responders
(increased daily step counts at end of study) and nonresponders (decreased). Since we previously showed
that the natural history of daily step count in persons with COPD is to decrease over 3 months [27], we
assigned the one participant who had no change in daily step count to the responder group. In a
sensitivity analysis, we excluded this one participant; the results were unchanged so we present the
results with him in the responder group. The unpaired t-test, Wilcoxon rank-sum test or Fisher’s exact
test were used to compare characteristics at baseline and during the study between responders and
nonresponders.

Generalised linear regression models (PROC GLM, SAS version 9.4; SAS Institute, Cary, NC, USA) were
used to explore baseline characteristics (table 1), chosen a priori to possibly impact physical activity, as
predictors of overall change in daily step count, adjusting for baseline daily step count and physical activity
promotion group. Generalised linear regression models were also used to assess the effect of response
to physical activity promotion on changes in COPD measures. Multivariate models adjusted for the
baseline COPD measure, physical activity promotion group, FEV1 % pred [28] and possible confounders
(variables that were suggested to differ between the responder and nonresponder groups with a permissive
threshold of p<0.20). For all models, data were checked for linear relationship, absence of collinearity,
homoscedasticity and normal distribution of residuals. Statistical significance was defined as p<0.05.

Results
Subject characteristics
A total of 111 participants completed the study, with 97 subjects having enough wear-days to calculate an
average daily step count at enrolment and end of study. The 14 participants (n=8 pedometer alone and
n=6 pedometer plus website) who did not have sufficient step-count data were no different from the 97
subjects who did, with respect to baseline daily step count, FEV1 % pred, 6MWT distance and SGRQ-TS
(p=0.207–0.559). Three subjects with baseline step count exceeding 10000 steps per day were excluded as
outliers from the analysis. Thus, 94 subjects were included in the analysis (n=43 pedometer alone and
n=51 pedometer plus website). The cohort had mean±SD age 69±8 years and FEV1 1.89±0.64 L (63±22%
predicted).

A subgroup of persons in both physical activity promotion groups improved their daily step count.
Altogether, there were 62 responders (n=27 pedometer alone and n=35 pedometer plus website) and
32 nonresponders (n=16 pedometer alone and n=16 pedometer plus website). The responders had an
average increase in physical activity of 1243±1405 steps per day (median interquartile range (IQR))
708 (228–1753)), while the nonresponders had an average decrease of 1387±1252 steps per day (median
(IQR) −1178 (−1811–−355)).

Table 1 shows characteristics at baseline and during the study that may differ (p<0.20) between the
responders and nonresponders: baseline daily step count, body mass index, current smoker, diagnosis of
depression, back pain, MOS social support (total and domain scores), season of enrolment, acute
exacerbation during the study, emergency room visit for a pulmonary problem during the study and a
pulmonary hospitalisation during the study. Responders had significantly lower baseline daily step count,
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greater social support and fewer emergency room visits for pulmonary problems during the study
compared with nonresponders (table 1). There were no significant differences in baseline 6MWT distance,
SGRQ-TS, CRP and IL-6, and percentage of participants who had participated in pulmonary rehabilitation
or had an acute exacerbation or hospitalisation prior to study entry (table 1).

TABLE 1 Subject characteristics#

Total Responders Nonresponders p-value

Subjects 94 62 32
Age years 69.2±8.35 69.4±8.67 68.8±7.83 0.747
BMI kg·m−2 28.8±5.42 29.6±5.04 27.3±5.88 0.046
Male sex 92 (97.9) 61 (98.4) 31 (96.9) 1.00
Race: White 88 (93.6) 57 (91.9) 31 (96.9) 0.660
Marital status: married 46 (48.9) 32 (51.6) 14 (43.8) 0.519
Employment status: retired 58 (61.7) 39 (62.9) 19 (59.4) 0.824
Current smoker 35 (37.2) 19 (30.7) 16 (50.0) 0.076
Alcohol use: consumes 59 (62.8) 40 (64.5) 19 (59.4) 0.658
Current oxygen use 23 (24.5) 15 (24.2) 8 (25.0) 1.00
Prior pulmonary rehabilitation 10 (10.6) 8 (12.9) 2 (6.3) 0.486
Comorbidities
Coronary artery disease 20 (21.3) 13 (21.0) 7 (21.9) 1.00
Diabetes mellitus 22 (23.4) 17 (27.4) 5 (15.6) 0.304
Depression 33 (35.1) 18 (29.0) 15 (46.9) 0.111
Back pain 40 (42.6) 23 (37.1) 17 (53.1) 0.187
OSA 24 (25.5) 17 (27.4) 7 (21.9) 0.625

Acute exacerbation in the past year 12 (12.8) 9 (14.5) 3 (9.4) 0.745
Baseline daily step count 2689 (1675–4187) 2252 (1456–3476) 3833 (2354–5043) 0.0009¶

FEV1 L 1.89±0.64 1.88±0.67 1.92±0.59 0.742
FEV1 % pred 61 (49–76) 58 (47–75) 63 (55–78) 0.244¶

GOLD stage 0.234
I 19 (20.2) 13 (21.0) 6 (18.8)
II 51 (54.3) 30 (48.4) 21 (65.6)
III 19 (20.2) 16 (25.8) 3 (9.4)
IV 5 (5.3) 3 (4.8) 2 (6.2)

6MWT distance m 388±83.4 386±85.0 391±81.4 0.793
CRP mg·L−1 2.7 (1.2–6.2) 3.3 (1.2–6.9) 2.5 (1.3–5.4) 0.642¶

IL-6 ng·mL−1 2.8 (1.9–5.6) 2.9 (1.9–6.2) 2.6 (1.8–3.7) 0.240¶

mMRC dyspnoea score 0.598
0–2 74 (78.7) 50 (80.7) 24 (75.0)
3–4 20 (21.3) 12 (19.3) 8 (25.0)

SGRQ-TS 33.2±15.9 34.0±16.5 31.6±14.7 0.501
BDI-II depression score 6.5 (3.0–12.0) 6.5 (2.0–10.0) 6.5 (3.0–14.0) 0.558¶

MOS social support 3.5 (2.7–4.7) 4.2 (2.9–4.8) 3.1 (2.4–4.3) 0.027¶

Emotional support 3.6 (2.5–4.6) 3.9 (2.5–4.9) 2.9 (2.1–4.1) 0.136¶

Tangible support 4.0 (2.5–5.0) 4.3 (3.0–5.0) 3.5 (2.1–4.8) 0.122¶

Affectionate support 4.0 (2.7–5.0) 5.0 (3.7–5.0) 3.5 (1.7–5.0) 0.005¶

Positive interaction 4.0 (3.0–5.0) 4.3 (3.3–5.0) 3.8 (2.8–4.0) 0.025¶

Season of enrolment 0.138
Spring (March–May) 31 (33.0) 24 (38.7) 7 (21.9)
Summer ( June–August) 22 (23.4) 13 (21.0) 9 (28.1)
Fall (September–November) 30 (31.9) 16 (25.8) 14 (43.8)
Winter (December–February) 11 (11.7) 9 (14.5) 2 (6.2)

Omron adherence during study %+ 96.7 (90–100) 97.2 (91–100) 96.7 (89–99) 0.432¶

Acute exacerbation during study 13 (13.8) 6 (9.7) 7 (21.9) 0.123
Emergency room visit for pulmonary problem during study 11 (11.7) 4 (6.5) 7 (21.9) 0.041
Hospitalisation for pulmonary problem during study 4 (4.3) 1 (1.6) 3 (9.4) 0.113

Data are presented as n, mean±SD or n (%) for characteristics normally distributed, or median (interquartile range) for characteristics
nonnormally distributed, where normal distribution was determined using the Shapiro–Wilk value at the 0.05 level. BMI: body mass index;
OSA: obstructive sleep apnoea; FEV1: forced expiratory volume in 1 s; GOLD: Global Initiative for Chronic Obstructive Lung Disease; 6MWT:
6-min walk test; CRP: C-reactive protein; IL: interleukin; mMRC: modified Medical Research Council; SGRQ-TS: St George’s Respiratory
Questionnaire-Total Score; BDI: Beck Depression Inventory; MOS: Medical Outcomes Study. Fisher’s exact tests were used to test for
significance among categorical variables. Unpaired t-tests were used for continuous variables unless otherwise indicated. #: characteristics
were assessed at study entry, except where noted; ¶: Wilcoxon rank-sum test; +: % of days out of 90 that are wear-days.
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Baseline predictors of change in daily step count
Baseline daily step count, self-reported diagnosis of depression, social support, oxygen use, and enrolment in
Summer and Fall were significant predictors of change in daily step count, independent of physical activity
promotion group (see supplementary material and table 2). For each 1000 steps increase in baseline step
count, there was an average 423 steps per day decrease in the change in daily step count (95% CI
−601–−245 steps per day; p<0.0001). Those with a self-reported diagnosis of depression had an average
decrease of 865 steps per day in change in daily step count, compared with those without depression (95% CI
−1547–−182 steps per day; p=0.014). For each unit increase in social support, there was an average 324 steps
per day increase in the change in daily step count (95% CI 35.3–613 steps per day; p=0.028). Those using
oxygen had an average decrease of 803 steps per day in change in daily step count, compared with those not
using oxygen (95% CI −1574–−31.7 steps per day; p=0.042). Compared with those enrolled in the Spring,
those enrolled in the Summer and Fall had significant decreases in change in daily step count (table 2).

Effect of response to physical activity promotion on changes in COPD measures
Response to physical activity promotion was significantly associated with improvements in COPD
measures (see supplementary material and table 3). In adjusted linear regression models, compared with
nonresponders, responders to physical activity promotion had a significant increase in daily step count of
2038 steps (95% CI 1369–2708 steps; p<0.0001), FEV1 of 308 mL (95% CI 78.6–538 mL; p=0.009), 6MWT
distance of 43.6 m (95% CI 21.8–65.4 m; p=0.0002), and a significant decrease in CRP and IL-6 of
7.84 mg·L−1 (95% CI −12.8–−2.89 mg·L−1; p=0.0023) and 2.73 ng·mL−1 (95% CI −4.38–−1.08 ng·mL−1;
p=0.002), respectively (table 3). There was no significant effect on change in mMRC dyspnoea score,
BDI-II depression score or SGRQ-TS.

Discussion
A diagnosis of depression, less social support, supplemental oxygen use and season predict overall
decreases in physical activity, in participants with COPD in whom physical activity was actively promoted.
We show that increases in physical activity, independent of the intervention, are associated with
improvements in lung function and exercise capacity, and decreases in markers of systemic inflammation.
Our findings highlight the complex interactions between psychosocial and physiological factors in physical
activity promotion. Psychosocial factors appear important in determining change in physical activity,
which in turn have significant effects on physiological measures.

All persons with COPD do not respond to physical activity promotion in the same way. Our results may
allow targeted selection of COPD patients who would benefit most from physical activity promotion
strategies. Our results also identify characteristics that may inform exercise counselling strategies to
optimise individual responses to physical activity promotion. Addressing barriers of using supplemental
oxygen and season/temperature changes on engagement in physical activity may increase responses to
physical activity interventions. Self-reported diagnosis of depression was predictive of change in daily step
count, while the BDI-II score was not. This discrepancy may be attributable to the fact that the BDI-II
screens for current depressive symptoms that may be adequately treated in subjects who self-report a
diagnosis of depression [23]. There is also an interaction of anxiety, a domain that we did not formally
assess in this study, and current depression symptoms [29]. Our results using physical activity change data
from physical activity promotion strategies extend previous cross-sectional studies that showed associations

TABLE 2 Predictors of change in daily step count

Predictors Effect on change in daily
step count# (95% CI)

p-value

Baseline daily step count (per 1000 steps increase) −423 (−601–−245) <0.0001
Diagnosis of depression (Ref.=no diagnosis) −865 (−1547–−182) 0.014
MOS social support 324 (35.3–613) 0.028
Oxygen use (Ref.=no oxygen) −803 (−1574−31.7) 0.042
Season of enrolment (Ref.=Spring)
Spring (March–May)
Summer ( June–August) −978 (−1854–−102) 0.029
Fall (September–November) −1267 (−2060–−474) 0.002
Winter (December–February) −218 (−1338–903) 0.700

MOS: Medical Outcomes Study; Ref.: reference group. #: effects on change in daily step count are the
model coefficients as determined by one generalised linear regression model, adjusted for physical
activity promotion group.
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between diagnosis of depression and reduced physical activity in COPD [30, 31]. Social support is
predictive of change in physical activity, a finding consistent with observations in the general elderly
population in whom social isolation is associated with worse functional status [32]. Routine clinical
assessment for depression and effects of social support, oxygen use, and season on engagement in physical
activity may increase physical activity in persons with COPD.

Our results, based on individual responses to physical activity promotion rather than on randomisation
groups for a specific physical activity intervention trial, contribute to our understanding of the effects of
physical activity promotion on COPD health measures [9–13]. We show that increases in daily step count
are significantly associated with increases in FEV1 and 6MWT distance. The average increase in FEV1 of
308 mL associated with response to physical activity promotion is of the same magnitude as values
reported in COPD pharmacological trials [33, 34]. Our results add to an observational study that followed
patients with COPD over 10 years, which showed that increases in physical activity are associated with
higher FEV1 [7]. It has been previously shown that a pedometer-based physical activity intervention can
increase 6MWT distance by 13.4 m [13]. The mechanisms by which increases in physical activity might
lead to improvement in lung function are unclear. A possible mechanism is that exercise is a natural
bronchodilator in humans, with reduction of vagal tone [35]. The observed difference in 6MWT distance
of 43.6 m between responders and nonresponders is within the range of 30–50 m for the minimal
clinically important difference [36, 37]. In our trial, participants were clinically stable at the time of study
entry. The models adjusted for acute exacerbations, emergency room visits and pulmonary hospitalisations
during the study. Therefore, it is unlikely that occurrence and treatment of these events explain the
observed increases in step count, and improved lung function and exercise capacity.

Our results also begin to elucidate the mechanisms of benefit of increasing physical activity and its effects
on COPD outcomes. We observed significant associations between increases in daily step count and
decreases in CRP and IL-6. We have previously shown in an observational study that persons with COPD
who walk the least have the highest levels of systemic inflammation, independent of lung function, history
of acute exacerbations, statin use and cardiovascular disease [6]. Taken together, these results enhance our
understanding of markers of systemic inflammation as possible mediators of the observed benefits of
physical activity in COPD [38].

Change in daily step count was not associated with significant changes in dyspnoea, HRQoL or BDI-II
scores. Physical activity promotion for >3 months may be needed to impact these symptoms and
psychosocial outcomes. We previously showed that persons with COPD do not walk more due to worries
about becoming short of breath, oxygen levels becoming low or the need to use inhalers [39]. Future
interventions should comprehensively address these concerns, which may persist despite increases in
physical activity and exercise capacity, to ultimately impact perceived dyspnoea, HRQoL and current
depression scores.

TABLE 3 Effect of response to physical activity promotion on change in chronic obstructive
pulmonary disease (COPD) measures

Change in COPD measure Effect on change in COPD measure# (95% CI) p-value

Daily step count 2038 (1369–2708) <0.0001
FEV1 L¶ 0.308 (0.0786–0.538) 0.009
FEV1 % pred 10.63 (2.14–19.1) 0.015
6MWT distance m 43.6 (21.8–65.4) 0.0002
CRP mg·L−1 −7.84 (−12.8–−2.89) 0.0023
IL-6 ng·mL−1 −2.73 (−4.38–−1.08) 0.002
mMRC dyspnoea score 0.154 (−0.0581–0.365) 0.153
BDI-II depression score 0.0954 (−2.36–2.55) 0.939
SGRQ-TS −3.52 (−8.79–1.76) 0.188

FEV1: forced expiratory volume in 1 s; 6MWT: 6-min walk test; CRP: C-reactive protein; IL: interleukin;
mMRC: modified Medical Research Council; BDI: Beck Depression Inventory; SGRQ-TS: St George’s
Respiratory Questionnaire-Total Score. #: effects on change in COPD measure are the model coefficients
as determined by nine separate generalised linear regression models, adjusted for baseline COPD
measure, physical activity promotion group, baseline daily step count, FEV1 % pred, body mass index,
smoking status, history of depression, back pain, Medical Outcomes Study social support, season of
enrolment, acute exacerbation during study, emergency room visit for pulmonary problem during study
and pulmonary hospitalisation during study; ¶: model does not include FEV1 % pred. Responders/
nonresponders is the independent variable (reference group=nonresponders); change in COPD measure
(3-month minus baseline values) is the dependent variable.
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We showed that persons with COPD who responded to physical activity promotion walked on average
2038 steps per day more than those who did not respond. This value is greater than the 804 steps per day
increase that we previously reported for the ESC RCT, which assessed the additional impact of the website
over pedometer alone [14]. The 2038 steps per day most likely reflect that our control group used a
pedometer that promoted physical activity as well. Other pedometer-based interventions in COPD have
shown similar increases in daily step count of 3000 steps per day [11] and 1469 steps per day [13]. Taken
together, it is plausible that increases of 1500–3000 steps per day could impact COPD measures such as
6MWT distance and markers of systemic inflammation, and lead to observed decreases in risk of acute
exacerbations and healthcare utilisation [10].

A major strength of the study is our comprehensive assessment of physiological and psychosocial variables
that influence behaviour change and engagement in physical activity. The use of two types of physical
activity promotion strategies is a strength. The elderly COPD population will have different preferences for
and access to modalities such as pedometers and websites. Our analyses focus on response to physical
activity promotion and our results are independent of the specific physical activity intervention.

Our study has several limitations. It is a secondary and exploratory analysis, but provides support for
further hypothesis-driven studies. Our qualitative definition of responders and nonresponders does not
utilise a clinically important difference in step count. In one published study, the range for the clinically
important difference (599–1131 steps per day) from distribution-based methods was wide [40]. We
performed a sensitivity analysis using the published cut-offs, but the resulting small sample sizes limited
meaningful conclusions. Generalisability may be limited given that most participants had mild–moderate
COPD and this is a single-centre study located geographically in the northeast of the USA in a cohort of
predominantly White males. Further studies are required to externally validate these results.

We acknowledge that a practice test was not included as part of the 6MWT protocol. When we began
enrolment in April 2012, our protocol was consistent with guidelines at the time [20]. When the
recommendations for a practice 6MWT were published [41, 42], we felt that changing the protocol
mid-study was unwise considering 1) the need to maintain consistency in our data collection methods given
our primary interest in change scores, and 2) the potential increase in dropout rate given the added burden
to perform the 6MWT on two separate days. We believe that our 6MWT values are valid for the following
reasons. First, the intra-class correlations of 6MWT conducted within a short time span (0–10 days) are high
(0.82–0.99), so a repeat test performed a day later, at study entry and end of study, would be very similar to
the first test [41, 43, 44]. Second, the effects of learning on the second tests are not known to be durable
(beyond a few days); it is unlikely that the 6MWT conducted at the end-of-study visit would be impacted by
learning effects from the test at study entry conducted 3 months earlier. Third, the difference in 6MWT
distance between the responder and nonresponder groups (43.6 m) exceeds the increases expected to be
attributable to a learning effect (mean 26.1 m, 95% CI 24–29 m) [41, 44]. Finally, since there was no practice
test at either time-point, before or after the study period, we believe that the change scores of the 6MWT are
unaffected.

History of depression, social support, oxygen use and season are predictors of change in physical activity,
and should be routinely assessed in exercise counselling. Increases in physical activity are associated with
beneficial changes in lung function, exercise capacity and systemic inflammation. Additional studies are
needed to understand causal effects of increasing physical activity and elucidate mechanisms of benefit.
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