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Purpose: This study investigated whether adding step-feedback (step-FB) from a pedometer to pulmonary rehabilitation (PR) 
programs could increase the physical activity (PA) of low-activity patients with severe chronic obstructive pulmonary disease (COPD).
Patients and Methods: We included low-activity patients with severe COPD (step-FB group: 14 patients; control group: 17 patients) 
who underwent PR for the first time. The usual PR program for patients with severe COPD consisted of two 8-week sessions (PR 
session 1: PR1, PR session 2: PR2). The step-FB group was provided a program with step-FB added to PR2 (PR2+step-FB). 
Furthermore, all patients were evaluated at pre-intervention (baseline), PR1, and PR2. The primary outcome of this study was the 
number of daily steps (steps) and energy expenditure from activity (energy expenditure), as measured by a pedometer. The secondary 
outcomes were dyspnea and exercise tolerance.
Results: In PR1, dyspnea, exercise tolerance, steps, and energy expenditure were significantly improved as compared to baseline, in 
both groups. During PR2, dyspnea and exercise tolerance were significantly improved as compared to PR1, in both groups. Steps and 
energy expenditure were significantly improved in the step-FB group, but not in the control group.
Conclusion: PR improved PA by improving physical function in severe COPD patients. Adding step-FB improved PA in severe 
COPD patients by presenting an activity goal for improving PA. Therefore, pedometer-based step-FB is a viable addition to PR and has 
the potential to improve PA continuously in these patients.
Keywords: dyspnea, exercise tolerance, monitoring, pulmonary rehabilitation, step counter

Introduction
Low physical activity (PA) levels are associated with increased healthcare utilization and reduced survival in patients 
with chronic obstructive pulmonary disease (COPD).1–5 PA levels are associated with disease severity,6–11 with lower PA 
levels observed in severe COPD patients than in patients with mild to moderate COPD. Thus, improving PA levels is 
a key COPD treatment goal.12,13 However, improving PA in severe COPD patients is difficult, as they have marked 
dyspnea and decreased exercise tolerance.

Pulmonary rehabilitation (PR) is the cornerstone of COPD management, with well-documented effects on dyspnea, 
exercise capacity, and health-related quality of life. The primary effect of PR programs is to break the cycle of dyspnea 
and deconditioning through prescribed exercises, which may be ideal for promoting PA in COPD patients.14–16 

Furthermore, PA levels may be enhanced by including behavioral strategies in PR programs.17,18 Such strategies can 
be used to raise the patient’s awareness of their actual PA level, as such awareness is a potential determinant of their 
willingness to increase their PA levels.

A pedometer can be used to present a target for the daily number of steps to take, ie, it can provide step-feedback 
(step-FB). Pedometers offer new perspectives in changing PA behavior because patients can monitor themselves and set 
concrete goals for increasing their own PA. Indeed, behavioral strategies using pedometers have been reported to be 
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effective for improving PA.19–24 However, many of the participants in previous studies on this topic were relatively mild 
cases with stage 1–2 of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification of COPD 
severity,25 and had relatively good exercise tolerance (for example, a 6-minute walk distance [6MWD] ≥ 350 m). In 
addition, some reports have targeted participants with a relatively high number of steps at the start of the survey (for 
example, around 4000 steps). Nevertheless, no reports have evaluated improvements in activity in severe COPD patients 
with low PA. Therefore, the effect of using step-FB in low-activity patients with severe COPD is unknown.

This study investigated whether PR increased PA in low-activity patients with severe COPD. Furthermore, we investigated 
whether the addition of pedometer-based step-FB could increase the PA of low-activity, severe COPD patients.

Materials and Methods
Study Design
Figure 1 shows the study flowchart. The PR program for patients with severe COPD consisted of a 2-week pre-intervention 
investigation (baseline) and two 8-week sessions of PR (pulmonary rehabilitation sessions 1 [PR1] and 2 [PR2]). Participants 
who had previously completed this PR program without step-FB were retrospectively evaluated as controls (control group). 
Additionally, a group who underwent the same PR program, but with step-FB added to PR2, were prospectively investigated 
(step-FB group).

All patients were evaluated at baseline, PR1, and PR2, with or without step-FB. All outcomes were assessed by the same 
physical therapist. The primary outcome was the number of steps taken and activity-related energy expenditure, as measured 

Figure 1 A flow diagram of this study. 
Note: *Measurement items implemented during each evaluation period. 
Abbreviations: BDI, baseline dyspnea index; TDI, transition dyspnea index; 6MWD, 6-minute walking distance.
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by a pedometer. The secondary outcomes were dyspnea (ie, baseline dyspnea index [BDI] / transition dyspnea index [TDI]) 
and exercise tolerance (ie, 6-minute walking test [6MWT]).

Participants
Participants in both groups were patients with severe COPD with low PA, who underwent first-time PR in our outpatient 
clinic. We defined severe COPD as GOLD stages 3 and 4. Low PA was defined as taking fewer than 2800 steps daily, as 
this is below 50% of the average number of steps taken daily by a Japanese person aged > 65 years (5744 steps).26 Other 
inclusion criteria were as follows: no prior PR; no clinical exacerbations in the previous 3 months; absence of other 
pathological conditions that could impair PA in daily life; and no cognitive changes.

The control group had previously completed the PR programs and assessments, and their data were obtained from 
clinical records.

All participants provided written informed consent for participation. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and all study methods were approved by the ethics committee of Chubu 
Gakuin University (Approval # D18-0003).

Data Collection
Patient characteristics, ie, age, sex, body mass index, smoking pack years, pulmonary function (predicted forced vital 
capacity, predicted forced expiratory volume in 1 s, forced expiratory volume in 1 s/forced vital capacity ratio), GOLD 
classification of COPD severity,25 and modified British Medical Research Council Dyspnea Scale, were obtained from 
the clinical records.

Evaluation of Physical Activity in Daily Life
PA in daily life was evaluated as the daily number of steps and energy expenditure using a Lifecorder uniaxial 
accelerometer sensor pedometer (Suzuken Corporation, Nagoya, Japan). Participants were given written instructions 
on pedometer use. The pedometer was attached to the left anterior superior iliac spine by means of a belt. The patients 
were instructed to wear the pedometer throughout the day, except when sleeping or bathing. Patients in the step-FB group 
wore the pedometer daily during the baseline and PR2 periods. Additionally, they wore a pedometer during the PR1 
evaluation period. The patients in the control group wore a pedometer only during each evaluation period. In both groups, 
during the baseline and PR1 evaluation periods, the pedometer screen was hidden by masking tape to avoid the displayed 
information influencing participants’ behavior. Additionally, for the control group, but not for the step-FB group, the 
screen was also masked during the PR2 evaluation period. The tape was marked to reveal tampering.

Lifecorders automatically recorded the daily number of steps and energy expenditure. The average values for these 
parameters over the last 14 consecutive days of each period were used for analysis. The recorded data were analyzed 
using dedicated software (Suzuken Corporation, Lifelyzer05 Coach, Nagoya, Japan), and an activity record summary was 
created to provide step-FB and to evaluate the pedometer-wearing rate.

Evaluation of Dyspnea
Dyspnea was evaluated at a single baseline state (BDI), and as a change from baseline (TDI). The BDI/TDI included 
three domains (functional impairment, magnitude of task, and magnitude of effort). The BDI score ranged from 0 (very 
severe impairment) to 4 (no impairment) for each domain. The TDI score was graded from −3 to +3, where −1 to −3 
signifies deterioration, 0 signifies no change, and 1 to 3 signifies improvement (a change of 1 unit was considered 
clinically significant) for each domain. The TDI focal score was determined by sum of all domains and was used for 
analysis. BDI/TDI was evaluated at baseline and at the end of PR1 and PR2.

Evaluation of Exercise Tolerance
Exercise tolerance was evaluated using the 6MWT in accordance with the protocol proposed by the European 
Respiratory Society/American Thoracic Society.27 Patients performed two trials, and the best 6MWD result was used 
for analysis. The 6MWT was evaluated at baseline and at the end of PR1 and PR2.
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PR Program for Severe COPD Patients
PR was provided once a week for 16 weeks in an outpatient supervised program, with individually prescribed exercise 
training and self-management education. Each time, PR consisted of 15 min of education and 1 h of exercise. All patients 
received identical education, including lectures on their disease, proper use of inhalation devices, and home exercises. 
The exercise program consisted of pursed lip breathing, quadriceps muscle training in the sitting position, sit-to-stand 
practice from a dining chair, and aerobic exercise using an ergometer or fast walking. The same exercises were to be 
performed at hospital and at home (on a daily basis). All patients were asked to maintain an activity diary to record their 
exercise sessions. The physical therapist checked these diaries every week.

Step-Feedback Program
In PR2, the step-FB PA enhancement program was presented to motivate the step-FB group to increase their daily PA, by 
being aware of the number of steps they took each day. Patients were asked to record this number in their activity diary 
every day. Additionally, an activity record summary was used to facilitate their awareness of the number of steps taken. 
We aimed to increase the number of steps by 500 steps or 10% per month. The physical therapist prescribed the target 
step count based on the patient’s activity diary. Moreover, the short-term goals of this training were reviewed every 2 
weeks.

Compliance in Pedometer Wearing and Daily Step Recording
Data on patient compliance in pedometer use (number of days of wearing the device) were collected. Compliance data 
were obtained from the activity diary and pedometer recording data. Patients in the step-FB group also reported their 
impressions of using the pedometer via a questionnaire.

Statistical Analysis
Data analysis was performed using SPSS v23.0 statistical software (IBM SPSS Inc., Armonk, NY, USA). Data are 
presented as mean ± standard deviation. Patient characteristics were compared between the two groups by using the 
independent t-test or Mann–Whitney U-test for parametric and nonparametric data, respectively. Intervention effects 
were compared at baseline, PR1, and PR2. The daily number of steps and energy expenditure of the step-FB group were 
compared using Friedman test. Wilcoxon signed-rank tests with Bonferroni adjusted critical values were used for 
multiple comparisons. The daily number of steps and energy expenditure of the control group, as well as the 6MWD 
of both groups, were compared using repeated-measures one-way analysis of variance. The Tukey–Kramer method was 
used for multiple comparisons. The TDI was compared between PR1 and PR2 using the Wilcoxon signed-rank test. To 
assess the additional effect of step-FB, the amount of improvement in the daily number of steps and energy expenditure 
from baseline to PR1 and from PR1 to PR2 were compared between the two groups, using the Mann–Whitney U-test. 
Statistical significance was set at p < 0.05.

Results
Study Subjects and Baseline Characteristics
Patients’ characteristics are summarized in Table 1. Fourteen patients were included in the step-FB group (between 
September 2016 and January 2020), none of whom dropped out, while 17 patients were included in the control group 
(between December 2014 and April 2016). The baseline characteristics of the two groups were similar.

Compliance with Pedometer Wearing and Daily Step Recording
All patients in both groups reported pedometer use as instructed. The pedometer recording data showed a wearing rate of 
100% during the requested period. In each case, the tape covering the pedometer was intact, so that blinding was 
considered to have been maintained. Additionally, the step-FB group’s activity diaries showed daily entries of the number 
of steps, implying that these patients self-managed their steps every day.

The questionnaire revealed that participants found the pedometer easy to use, simple, motivating, etc. There were no 
negative comments.
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Outcome Measures
The daily life PA levels at each measurement point in both groups are shown in Figure 2. In the step-FB group, the 
number of steps and energy expenditure during PR1 (2181 ± 843 steps, 38.7 ± 17.8 kcal) and during PR2 (3050 ± 1045 
steps, 52.6 ± 20.1 kcal) were significantly increased as compared to baseline (1635 ± 459 steps, 26.8 ± 9.8 kcal) (all p < 

Table 1 Characteristics of Patients

Characteristics Control Step-Feedback p-value

Patients (n) 17 14
Age (years) 73.3 ± 5.1 73.5 ± 2.3 0.62

Sex (M/F) 17/0 14/0

Body mass index (kg/m2) 19.5 ± 1.1 18.5 ± 2.0 0.17
Pack years smoked 67.5 ± 27 65.5 ± 23.9 0.89

GOLD stage (3/4), n 4/13 6/8

m-MRC (3/4), n 7/10 3/11
Pulmonary function

FVC (% predicted) 70.2 ± 21.2 72.2 ± 10.7 0.86
FEV1 (% predicted) 35.1 ± 9.2 30.7 ± 6.3 0.12

FEV1 / FVC (%) 39.2 ± 12.3 43.0 ± 8.8 0.1

BDI (units) 3.1 ± 0.7 3.0 ± 0.7 0.58
Baseline step (steps) 1860 ± 698 1635 ± 459 0.29

Baseline energy expenditure (kcal) 33.3 ± 16.9 26.8 ± 9.8 0.21

Baseline 6MWD (m) 241 ± 53 212 ± 35 0.08
Medication

LABA/LAMA, n (%) 14 (82) 11 (79)

ICS/LABA+LAMA, n (%) 3 (18) 3 (21)

Note: All data are presented as mean ± SD. 
Abbreviations: GOLD stage, Global Initiative for Chronic Obstructive Lung Disease classification of 
COPD severity; m-MRC, modified British Medical Research Council; FVC, Forced vital capacity; FEV1, 
Forced expiratory volume in one second; BDI, baseline dyspnea index; 6MWD, 6-minute walking 
distance; LABA, long-acting β2–agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled 
corticosteroid.

Figure 2 The effect of a combination of pulmonary rehabilitation and step-feedback on (A) daily steps, and (B) energy expenditure. 
Notes: All data are presented as mean ± SD. * p < 0.01, baseline vs PR1, PR2; † p < 0.01, PR1 vs PR2. 
Abbreviations: PR1, pulmonary rehabilitation session 1; PR2, pulmonary rehabilitation session 2.
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0.01). Furthermore, the number of steps and energy expenditure during PR2 were significantly higher than those during 
PR1 (both p < 0.01). In the control group, the number of steps and energy expenditure during PR1 (2540 ± 1012 steps, 
46.4 ± 27.9 kcal) and during PR2 (2720 ± 1026 steps, 53.4 ± 25 kcal) were significantly increased as compared to 
baseline (1860 ± 698 steps, 33.3 ± 16.9 kcal) (all p < 0.01). However, both variables were similar for PR1 and PR2 (p = 
0.076 and p = 0.052, respectively).

The mean pre-intervention BDI focal score was 3.0 ± 0.7 units in the step-FB group and 3.1 ± 0.7 units in the control group. 
The TDI values at each assessment in both groups are shown in Figure 3A. In the step-FB and control groups, the TDI focal 
score improved during PR1 (1.3 ± 0.7 units, 1.5 ± 0.7 unit, respectively) and during PR2 (2.4 ± 0.9 units, 2.1 ± 0.3 unit, 
respectively), with statistically significant differences between PR1 and PR2 (both p < 0.01).

The 6MWD for each assessment in both groups is shown in Figure 3B. In the step-FB and control groups, the 6MWDs at 
the PR1 assessment (248 ± 40 m, 293 ± 52 m, respectively) and at the PR2 assessment (285 ± 47 m, 317 ± 53 m, 
respectively) were significantly increased as compared to baseline (212 ± 35 m, 241 ± 53 m, respectively) (both p < 0.01). 
Furthermore, the 6MWD was significantly greater at the PR2 than at the PR1 assessment (both p < 0.01).

Table 2 shows the changes in the daily number of steps and energy expenditure from baseline to PR1 and to PR2 in 
both groups. Changes in the daily number of steps and energy expenditure from baseline to PR1 were similar in both 
groups. However, the change from PR1 to PR2 was significantly greater in the step-FB than in the control group.

Discussion
To identify approaches for improving PA in low-activity, severe COPD patients, we investigated whether PR increased 
PA in such patients, and whether adding pedometer-based step-FB to PR could increase their PA. We found that dyspnea, 
exercise tolerance, number of steps, and energy expenditure improved significantly with PR, and that the number of steps 
and energy expenditure were significantly improved with the added step-FB.

Effects of Pulmonary Rehabilitation on Dyspnea, Exercise Tolerance, and Daily Physical 
Activity in Severe COPD Patients
In COPD patients, the most significant causes of PA decline are dyspnea and decreased exercise tolerance, particularly in severe 
COPD cases. Watz et al6 and Hernandes et al28 found that PA decreased with the dyspnea degree. Barriga et al reported that the 
worse the dyspnea, the higher the activities of daily living restraints, and the fewer the number of daily steps.10 We previously 

Figure 3 The effect of a combination of pulmonary rehabilitation and step-feedback on (A) TDI, and (B) 6MWD. 
Notes: All data are presented as mean ± SD. * p < 0.01, baseline vs PR1, PR2; † p < 0.01, PR1 vs PR2. 
Abbreviations: PR1, pulmonary rehabilitation session 1; PR2, pulmonary rehabilitation session 2; TDI, transition dyspnea index; 6MWD, 6-minute walking distance.
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Table 2 Comparison of Changes in Steps and Energy Expenditure from Baseline to PR1 and from PR1 to PR2

Variables Baseline PR1 PR2 Change from Baseline to PR1 p-value Change from PR1 to PR2 p-value

Steps Control 1860 ± 698 2540 ± 1012 2720 ± 1026 681 ± 383 0.15 179 ± 148 < 0.01

Step-feedback 1635 ± 459 2181 ± 843 3050 ± 1045 546 ± 451 870 ± 290
Energy expenditure (kcal) Control 33.3 ± 16.9 46.4 ± 27.9 53.4 ± 25 13.1 ± 14.6 0.87 7.0 ± 8.4 0.008

Step-feedback 26.8 ± 9.8 38.7 ± 17.8 52.6 ± 20.1 11.9 ± 9.8 13.9 ± 5.2

Note: All data are presented as mean ± SD. 
Abbreviations: PR1, pulmonary rehabilitation session1; PR2, pulmonary rehabilitation session2.
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reported that PA level was related to 6MWD at any COPD stage.29 Additionally, we suggested that, although daily routine 
housework and hobbies provide motivation, exercise tolerance is required for leading an active life. Thus, severe COPD patients 
lack the physical function necessary for PA. Troosters et al suggested that, in patients with very low exercise tolerance or 
significant symptom burden, enhancing PA is difficult, and interventions should first focus on enhancing exercise tolerance.30 

Therefore, dyspnea and exercise tolerance should first be improved to increase PA, rather than focusing on education or behavior 
changes. Zwerink et al reported that, in COPD patients participating in physiotherapy exercise programs, changes in exercise 
capacity correlated moderately with changes in daily PA.31 They argued that increased exercise capacity in COPD patients 
reduced dyspnea and fatigue symptoms during and after exercise, removing a barrier to being active. Osadnik et al reported that 
PR increased the number of steps taken, but the higher the 6MWD improvement rate after PR, the more the number of steps 
increased.32 Mesquita et al reported that enhanced post-PR exercise tolerance influenced PA improvement.33 They argued that 
increased functional capacity is needed for PA improvement. Our PR program for severe COPD patients consisted of 
conditioning, strength training, and many aerobic exercises (walking, and ergometer and treadmill exercise). Additionally, we 
used an activity diary to promote daily exercise continuation at home. We found that PA increased, and dyspnea and exercise 
tolerance improved. Taken together, improved dyspnea and exercise tolerance due to PR contributed to significantly increased 
daily PA. Moreover, increased daily PA likely contributed to improved dyspnea and exercise tolerance.

Effect of Step-Feedback on Daily Physical Activity in Severe COPD Patients
Dyspnea and the 6MWD showed significant improvement from PR1 to PR2 in both groups. Additionally, the number of steps 
taken and the energy expended increased significantly in the step-FB group, but not in the control group, despite the latter’s 
dyspnea and exercise tolerance improvements. This suggested that the PA increase in the step-FB group was due to behavioral 
changes caused by step-FB. Overall, low-activity, severe COPD patients lack the physical function necessary to perform PA, 
have no activity purpose, and have a narrow activity range. Therefore, even if they achieve incremental gains in physical 
function, their PA levels will not show equal increments. Clinically, these patients are commonly encountered. Therefore, 
patients with severe COPD who have acquired the physical function necessary for performing PA require an activity goal as 
the next step. Zwerink et al suggested that, while COPD gradually worsened, the patient developed a sedentary lifestyle, 
necessitating more than an increase in exercise capacity to increase PA.31 They argued that behavioral techniques, such as 
motivational interviews and cognitive behavioral therapy, could be helpful for achieving and maintaining an improved daily 
PA level. We considered that patient education and exercise training alone would make it difficult to improve physical activity 
continuously. Osadnik et al suggested that behavioral therapy-based interventions may be appropriate for patients who are 
accepting of these approaches.32 Spruit et al suggested that both exercise capacity increase and adaptive behavior change are 
necessary to achieve significant and lasting increases in daily PA in patients.17

A recent report highlighted the importance of having an activity purpose to improve PA. Behavioral strategies using 
a pedometer have been reported to be effective for improving PA.19–24 Bertine et al34 and Cruz et al35 investigated the 
effects of a lifestyle PA counseling program using pedometer-based step-FB during PR in patients with mild to severe 
COPD. They reported that PA-focused behavioral intervention during PR may improve patients’ PA levels. Kawagoshi et al 
reported that PR with added step-FB significantly increased walking time per day.36 Armstrong et al conducted a systematic 
review and meta-analysis to examine the use of pedometers as tools to promote daily PA levels in COPD patients.24 They 
concluded that pedometer-based PA promotion, as well as PR, induced meaningful improvements in daily PA levels (steps 
per day). Therefore, our results likely reflect the effect of adding behavioral change, based on step-FB, to PR.

Furthermore, our study included only patients with severe COPD who had low activity levels. To date, no studies 
have reported improved PA in low-activity patients with severe COPD. However, our study demonstrated that using step- 
FB to improve PA during PR is feasible and increases the daily number of steps and energy expenditure, even in low- 
activity, severe COPD patients. Moreover, our participants’ compliance was satisfactory, and they reported positive 
experiences with the use of pedometers. Therefore, we concluded that the combination of step-FB and PR raised patient 
awareness and motivated them to improve their daily PA.
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Limitations
This study had some limitations. First, the sample size was small. It was difficult to recruit patients that met the study inclusion 
criteria, given that many severe COPD patients have undertaken PR. We would require about 15 additional participants to 
achieve adequate statistical power.37 In future, data from additional patients should be accumulated. Second, because our 
sample included only male patients, the results may not apply to female patients. Although the prevalence of COPD in women 
is increasing in Japan, it remains much higher in men, which hampered recruitment of female COPD patients. Third, this study 
was not a standard randomized controlled study, implying a possibility of selection bias, performance bias, and detection bias. 
However, although the control group was based on historical data, basic treatments (such as pharmacotherapy and rehabilita-
tion) did not differ, so that the impact thereof is considered to be small. Fourth, the timing of the measured PA (PR1 and PR2) 
coincided with the PR program, and we cannot rule out the influence of the PR program on increased PA. Pedometers should 
not have been worn during the PR program. Fifth, this was a short-term study. We did not investigate the long-term effects of 
the intervention; therefore, sustainability of the results could not be determined. Thus, further studies with more robust designs 
are needed to investigate the value of providing step-FB to severe COPD patients during PR.

Conclusion
This study showed that a combination of PR and step-FB was an effective method for improving PA in low-activity 
patients with severe COPD. We believe that step-FB may be a better addition for patients with severe COPD who do not 
achieve an increase in PA with PR alone.

Abbreviations
6MWD, 6-minute walking distance; 6MWT, 6-minute walking test; BDI, baseline dyspnea index; COPD, chronic 
obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; PA, physical activity; 
PR, pulmonary rehabilitation; TDI, transition dyspnea index.
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