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Physical activity in COPD: Minimal
clinically important difference
for medical events
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and Marilyn Moy1,3

Abstract
Estimates of the minimal clinically important difference (MCID) for physical activity (PA) in chronic obstructive
pulmonary disease (COPD) are needed. The objective is to provide an anchor-based estimate of the MCID for
daily step count. PA was promoted in persons with COPD using a pedometer (Omron HJ-720ITC) alone or a
pedometer plus interactive website for 3 months. Participants wore the pedometer daily and received phone
calls monthly to ascertain medical events. Medical events were counted when a participant self-reported that
he/she had (1) worsening of breathing, (2) change to breathing medications, (3) medical care from an
emergency room for any reason, or (4) hospitalization for any reason. Generalized linear regression models
assessed daily step count as change at the end of study and averaged over the 15, 31, or 61 days centered on
the event, in those with an event compared to those without one. All categories of events carried equal weight
in the analyses. We studied 93 persons, 46 of whom had an event. Participants who experienced an event had a
decrease of 1086 (95% confidence interval (CI):�2124 to�48) or 887 (95% CI:�2030 to 257) steps/day in the
pedometer plus website or pedometer alone groups, respectively, compared to those without one. In the days
centered on an event, participants who had an event experienced a decrease of 882–983 steps/day (pedometer
plus website) or a decrease of 351–495 steps/day (pedometer alone), compared to those without one. The
MCID for PA in COPD ranges from 350 steps/day to 1100 steps/day.
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Introduction

Increasing physical activity (PA) is recommended for

all patients with chronic obstructive pulmonary dis-

ease (COPD).1 Lower levels of PA are associated with

increased risk of adverse medical events including

acute exacerbations (AEs), hospital (re)admissions,

and death, independent of lung function.2–5 Studies

to date have examined PA in patients with stable

disease.2–5 However, the clinical course of COPD is

punctuated with AEs, and patients have multiple
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comorbidities resulting in clinically significant med-

ical events.1,6,7

Little is known about changes in directly measured

PA when a person with COPD gets sick—immedi-

ately before, during, and after the onset of either an

AE or a medical event. Studies have been limited by

lack of direct comparison to persons who have not had

an event and by inability to quantify PA immediately

preceding the occurrence of an event.8–11 Knowledge

of these acute changes would provide an estimate for

the minimal clinically important difference (MCID)

of PA, anchored to a significant clinical event. Esti-

mates for the MCID for PA would allow interpreta-

tion of changes in PA in clinical and research settings,

as for other COPD outcomes.12,13 The MCID can be

used when assessing PA change in individuals in a

clinical setting in response to a treatment intervention,

for counseling after a medical event has occurred, and

for sample size calculations in designing a trial for

which PA is the primary outcome.

The only published study to date used distribution-

based approaches to estimate the minimal important

difference for PA in a cohort undergoing pulmonary

rehabilitation with expected improvements in PA.14

However, anchor-based methods are recommended as

the primary means to obtain estimates of MCID.15

Distribution-based methods rely solely on the statis-

tical properties of the measure in a population. There-

fore, these thresholds may not be considered clinically

important. Anchor-based methods incorporate the

patient’s perspective regarding the change in their

status or medical events (AEs, emergency room

(ER) visits, and hospitalizations) that are of indispu-

table clinical importance. Furthermore, no study to

date has examined changes in directly measured PA

in COPD associated with worsening health status or

used a comparison group of persons with no events or

no expected changes.

PA interventions that ask participants to wear a

monitoring device every day provide a unique oppor-

tunity to prospectively and objectively measure PA

immediately before, during, and after the onset of

medical events. We developed a PA intervention that

combines the Omron HJ-720ITC pedometer (Omron

Healthcare, Inc., Bannockburn, Illinois, USA) and a

website that provides goal setting, feedback, motiva-

tional and educational content, and social support to

promote PA in persons with COPD. In two studies, we

have shown its efficacy to increase daily step

counts16,17 and improve health-related quality of life

(HRQL)16 in persons with stable COPD. In one of the

studies,17 participants wore the Omron pedometer

every day for 3 months, and the occurrence of clini-

cally significant medical events was ascertained

monthly (Clinical Trials.gov NCT 01772082). In this

secondary analysis, our goal is to characterize the

magnitude of change in PA around the time of a med-

ical event and provide an anchor-based estimate of the

MCID for PA.

Methods

Participant selection and study design

Details on participant selection and study design

have been previously published.17 Briefly, eligible

participants were at least 40 years of age, had COPD

defined as a smoking history of >10 pack-years and a

ratio of forced expiratory volume in one second

(FEV1) to forced vital capacity <0.70 or emphysema

on chest computed tomography, had a health-care

provider who provided medical clearance, and had

access to a personal computer with an Internet con-

nection and a USB port.17 Exclusion criteria

included inability to ambulate and unstable cardio-

vascular disease.17 The protocol (#2328) was

approved by the VA Boston Healthcare System

Committee on Human Research, and written

informed consent obtained from each participant.

PA promotion groups

Participants in both groups, pedometer plus website or

pedometer alone, were instructed to wear the Omron

pedometer every day for 3 months when stable and

during clinically significant medical events.17 They

were asked to upload step-count data via the study

website. The pedometer plus website group received

weekly step-count goals and access to motivational

and educational content on the website.16,17 At study

entry, persons in the pedometer alone group received

written materials about exercise in COPD. During the

study, they received no instructions to exercise and

were not assigned step-count goals.

Clinically significant medical events

In semi-structured telephone interviews conducted

monthly for 3 months, participants in both groups

were queried if they (1) had experienced worsening

of their breathing, (2) had changes to their breathing

medications, (3) had sought medical care from an ER

for any reason, or (4) had been hospitalized for any

reason (see Online Supplementary Material). All four
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categories of events carried equal weight in the anal-

yses. Worsening of breathing was determined by the

participant and self-reported at the monthly phone

contacts. If the worsening of breathing resulted in

health-care utilization such as an ER visit or hospita-

lization, we confirmed these events through medical

record review. Changes in breathing medication

referred to the following: corticosteroids, antibiotics,

inhaled beta agonist, or any bronchodilator. If med-

ication changes for breathing problems were

reported, participants were asked about the use of

antibiotics or systemic corticosteroids to determine

whether the event was an AE.2,6 Two investigators,

blinded to baseline characteristics, determined the

nature of each event.2 For each medical event, the

anchor date was the onset date for the event. If a

subject reported more than one medical event, the

date of the first event was used whenever possible.

For subjects with no events, the anchor date was the

date of the month-2 phone call. An event was

included in these analyses if valid step-count data

were available for more than half the days before

and for more than half the days after the anchor date.

Assessment of daily step counts

At baseline and 3 months, daily step count was aver-

aged over at least 5 wear days of 7 days. Participants

were instructed to wear the pedometer every day dur-

ing awake hours for 7 days. Participants were blinded

to their step counts during the collection period since

the face of the pedometer was covered with a sticker.

They were instructed to go about their usual physical

activities. After 7 days, participants uploaded their

step-count data to the study server. Baseline daily step

count was averaged over at least 5 wear days of 7

days. A wear day was defined as one with >200 steps

and >8 hours of wear time.18,19 To comprehensively

and accurately reflect the time periods of baseline, the

onset of a medical event and deterioration in clinical

status, and recovery,20 daily step counts were also

averaged over the 15 (7 days before and 7 days after

the onset of event), 31 (15 days before and 15 days

after), or 61 (30 days before and 30 days after) days

centered on the anchor date.

Clinical assessments

Participants were characterized at baseline. We

obtained a medical history of cigarette use, comorbid-

ities, medication use, current oxygen use, prior par-

ticipation in pulmonary rehabilitation, and occurrence

of an AE (i.e. if they had received treatment with

prednisone for breathing problems) or hospitalization

in the year prior to enrollment. FEV1 was measured

using an Eaglet spirometer (nSpire Health, Inc., Long-

mont, CO, USA).22 Six-minute walk test (6MWT)

was performed according to ATS guidelines21; a prac-

tice walk was not completed. HRQL was assessed

with the St. George’s Respiratory Questionnaire Total

Score (SGRQ-TS).23 Scores range from 0 to 100 with

lower scores indicating better HRQL. Dyspnea was

assessed with the Modified Medical Research Council

(MMRC) scale24 and depression with the Beck

Depression Inventory-II (BDI-II).25 BDI-II items are

rated on a four-point scale ranging from 0 to 3 based

on severity of each item. The maximum total score is

63. Total score of 0–13 is considered minimal range,

14–19 is mild, 20–28 is moderate, and 29–63 is

severe. In this study, participants with a BDI-II total

score >14, with the patient’s permission, had their

primary health-care providers informed of the results,

with the suggestion that they consider evaluation and/

or treatment of depression.

Statistical analysis

Descriptive results are reported as mean + standard

deviation (SD) or frequency (percentage). Two-

sample t tests or Wilcoxon rank sum tests, as appro-

priate, compared baseline characteristics between

those with an event versus those with no event. The

MCID was calculated using anchor-based

approaches.15 Daily step count was examined in two

ways: (1) the difference in step count at the end of

study compared to baseline and (2) averaged over the

15, 31, or 61 days centered on the anchor date. Gen-

eralized linear regression models (PROC GLM, SAS

9.4; SAS Institute, Cary, North Carolina, USA)

assessed daily step count in those who had a medical

event compared to those who did not have an event,

adjusting for baseline variables that were significantly

different between groups. Distribution-based esti-

mates, including empirical rule effect size, effect size,

and 0.5 times SD, were also calculated.13–15 Analyses

were conducted separately in the pedometer plus web-

site and the pedometer alone groups.

Results

Subject characteristics

Figure 1 shows the CONSORT for participants ana-

lyzed for this secondary analysis compared to the
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participants randomized in the primary study.17 Forty-

six participants had a medical event and sufficient

step-count data for analyses. Forty-seven persons

reported no medical event and had sufficient step-

count data. Thus, 93 persons were included in the

analyses, 50 of whom were in the pedometer plus

website group (30 of whom had an event and 20 had

no event), and 43 were in the pedometer alone group

(16 of whom had an event and 27 had no event).

Baseline subject characteristics for those randomized

and analyzed were no different from those rando-

mized but not analyzed (see Online Supplementary

Table S1).

For the cohort, mean age was 69 + 8 years and

mean FEV1 1.86 + 0.6 L, 63 + 22% predicted.

Table 1 shows that those with an event had a signif-

icantly higher BDI-II depression score than those with

no event, p ¼ 0.03. There were no baseline differ-

ences between those with or without events with

respect to baseline daily step count, age, FEV1% pre-

dicted, 6MWT distance, SGRQ-TS, MMRC dyspnea

score, and season of enrollment. There was no differ-

ence between those with or without events in terms of

number of participants who had an AE or any cause

hospitalization in the year prior to enrollment

(Table 1). There was no difference in baseline char-

acteristics between those assigned to the pedometer

plus website group versus pedometer alone group (see

Online Supplementary Table S2).

Clinically significant medical events

There was a total of 46 events, 33 (72%) of which

were pulmonary ones (Table 2). Thirty-two (70%) of

Figure 1. CONSORT.
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the 46 events were confirmed with medical records,

including 18 of the 25 (72%) with worsened breath-

ing, 8 of the 13 (62%) ER visits, and 2 of the 2 (100%)

hospitalizations. Over the 3-month study, 16, 17, and

13 events occurred in month 1, 2, and 3, respectively.

The first reported event was used for all but five par-

ticipants, in whom insufficient step-count data were

available before and after the first event, so a subse-

quent event served as the anchor date. For those with

no events, the date of the month-2 phone call was used

as the anchor date for 41 participants, and the date of

the month-1 phone call was used for 6 participants in

whom insufficient step-count data were available at

month 2.

Daily step count: MCID for clinically significant
medical event

Generalized linear regression models, adjusted for

BDI-II depression score which differed significantly

Table 1. Baseline subject characteristics.a

Characteristic Total (N ¼ 93) Event (N ¼ 46) No event (N ¼ 47)
Between group

(p valueb)

Age (years) 69 + 8 70 + 10 69 + 6 0.49
Male (sex) 91 (97.9) 45 (97.8) 46 (97.9) 0.99c

Race (White) 85 (91.4) 42 (91.3) 43 (91.5) 1.0c

BMI (kg/m2) 29 + 5.3 28.5 + 4.7 29.5 + 5.9 0.33
Pack-years 61.5 + 40.9 60.8 + 42 62.2 + 40.3 0.73d

Current smoker 33 (35.5) 18 (39.1) 15 (31.9) 0.47
Current oxygen use 22 (23.7) 8 (17.4) 14 (29.8) 0.16
Prior pulmonary rehabilitation 11 (11.8) 4 (8.7) 7 (14.9) 0.52c

Baseline daily step count 3127 + 1830 3437 + 1995 2824 + 1618 0.13d

FEV1 (L) 1.86 + 0.6 1.8 + 0.6 1.9 + 0.7 0.34d

FEV1% predicted 62.7 + 22.3 61.9 + 20.8 63.4 + 24 0.88d

GOLD stage 0.55c

I 18 (19.4) 10 (21.7) 8 (17.0)
II 50 (53.8) 25 (54.4) 25 (53.2)
III 19 (20.4) 7 (15.2) 12 (25.5)
IV 6 (6.5) 4 (8.7) 2 (4.3)

Comorbidities
CAD 19 (20.4) 11 (23.9) 8 (17) 0.41
Hypertension 51 (54.8) 24 (52.2) 27 (57.5) 0.61
CHF 5 (5.4) 1 (2.2) 4 (8.5) 0.36c

Arthritis 36 (38.7) 14 (30.4) 22 (46.8) 0.105
Diabetes 22 (23.7) 8 (17.4) 14 (29.8) 0.16
Depression 34 (36.6) 19 (41.3) 15 (31.9) 0.35
Back pain 38 (40.9) 22 (47.8) 16 (34) 0.18

6MWT distance (m) 390 + 82 384 + 86 396 + 77 0.49
SGRQ-TS 34 + 16 37 + 16 31 + 16 0.05
MMRC dyspnea score 0.21

0–2 70 (75.3) 32 (69.6) 38 (80.9)
3–4 23 (24.7) 14 (30.4) 9 (19.2)

BDI-II depression score 8.9 + 9.3 10.7 + 9.6 7.2 + 8.8 0.03d

AE in the past year 15 (16.1) 11 (23.9) 4 (8.5) 0.05c

Hospitalized for any reason in past year 10 (10.8) 6 (13) 4 (8.5) 0.52c

BMI: body mass index; FEV1: forced expiratory volume in one second; GOLD: global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease; CAD: coronary artery disease; CHF: congestive heart failure; 6MWT: 6-minute
walk test; SGRQ-TS: St. George’s Respiratory Questionnaire-Total Score; MMRC: Modified Medical Research Council; AE: acute
exacerbation; SD: standard deviation.
aValues are means + SD or frequency (percentages).
bUnpaired t-test for continuous and w2 test for categorical variables, unless otherwise noted.
cFisher’s exact test.
dWilcoxon rank-sum test.
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at baseline between those with an event and those

with no event, showed that participants in the ped-

ometer plus website group who had an event had a

decrease of 1086 (95% confidence interval (CI):

�2124 to �48) steps/day at the end of study, com-

pared to those with no events (Table 3). Similarly,

those in the pedometer alone group with an event had

a decrease of 887 (95% CI: �2030 to 257) steps/day

compared to those with no event (Table 3).

Examining daily step counts averaged over the

15 days around the anchor date in the pedometer plus

website group, generalized linear regression models

showed that those with an event walked on average

983 fewer (95% CI:�1898 to�67) steps per day than

those with no event, adjusting for baseline step count

and BDI-II depression score (Table 4). Similar

declines of �973 (95% CI: �1794 to �153) and

�882 (95% CI: �1697 to �67) were observed when

daily step count was averaged over 31 and 61 days,

respectively, around the anchor date. Results in the

pedometer alone group comparing those with an event

to those with no event showed decreases in step count

by 351–495 (p values ¼ 0.41, 0.44, and 0.54) steps/

day (Table 4).

Distribution-based methods provided estimates to

support the anchor-based calculations (Table 5). At

baseline in participants with an event, daily step count

in the pedometer plus website group versus the ped-

ometer alone group was 2992 + 1684 and 4272 +
2306, respectively. Using these SD values, in the ped-

ometer plus website group, the MCID estimates ran-

ged from 842 steps/day to 906 steps/day. In the

pedometer alone group, the MCID estimates ranged

from 939 steps/day to 1153 steps/day.

Discussion

Persons with COPD who have a clinically significant

medical event experience a decrease in PA in the

range of 350 steps/day to 1100 steps/day compared

to persons with no events.

To the best of our knowledge, these results repre-

sent the first estimates of the MCID of PA using an

anchor-based approach, with clear deteriorations in

clinical status and a comparison group of persons who

did not experience a medical event. Since anchor-

based methods are recommended as the primary

means to obtain clinically meaningful estimates of the

MCID,15 our results significantly extend the current

literature. Daily step count was examined in two

ways—as the difference at the end of study compared

to baseline and over three different time intervals

around the anchor date of the medical event—both

of which provided similar estimates. Although esti-

mates of the MCID are not defined by statistical sig-

nificance, our values in the pedometer plus website

group were also statistically significant.

Using distribution-based methods, our values fur-

ther support the range of MCID estimates obtained by

an anchor-based method. Our values from both meth-

ods are strikingly similar to the range for the minimal

important difference in PA from 599 steps/day to

1131 steps/day reported by Demeyer et al. using

distribution-based approaches in a population under-

going pulmonary rehabilitation.14 Taken together,

these results support that the MCID of daily step

count defined by a clinical deterioration is very sim-

ilar to that defined by an improvement in health sta-

tus. It is a strength that we have examined MCID

Table 2. Characteristics of clinically significant medical
events.a

Type of medical event
Total

(N ¼ 46)

Pedometer
plus

website
(N ¼ 30)

Pedometer
alone

(N ¼ 16)

Self-reported
worsened breathing

25 19 6

Required new
medications for
breathing

3 1 2

Required antibiotic
and/or systemic
corticosteroid

3 1 2

ER visit for non-
pulmonary reasonb

10 6 4

ER visit for a breathing
problem

3 2 1

Hospitalization for
non-pulmonary
reasonb

1 0 1

Hospitalization for a
breathing problem

1 1 0

Study month of
occurrence

Month 1 16 10 6
Month 2 17 11 6
Month 3 13 9 4

ER: emergency room.
aValues in cells are Ns.
bNon-pulmonary reasons include back pain, car accident, knee
pain, fever and viral illness, growth near eye, neck pain, thumb
trauma, atrial fibrillation, urinary tract infection, earache, and
external iliac artery stent placement.
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during clinical deterioration, providing a complemen-

tary and corroborating result that extends the

Demeyer et al. findings. To be robust in the estimates,

the MCID should be evaluated from both perspec-

tives of clinically significant improvements and sig-

nificant decrements.26 It should not be assumed that

they are the same. Our current results contribute to

the interpretation of PA and support its use as a

clinical and research outcome in COPD. Our esti-

mated MCID can aid power calculations when

designing research studies and interpretation of

changes in PA in clinical settings.

Strengths of the current study include the ability to

directly monitor PA before the occurrence of a med-

ical event and the use of a comparison group of per-

sons with no events. It has been shown that 86% of

AEs recover to baseline symptoms within 35 days, but

there is a wide range in recovery time20 using 7-, 15-,

and 30-day time windows around the date of events

in our study provide accurate and detailed PA

Table 4. Multivariate analysis of the effect of having an event on daily step counts averaged over different time windows
around the anchor date.

Pedometer plus website Pedometer alone

Outcome Na
Effect on daily
step countb 95% CI p Value Na

Effect on daily
step countb 95% CI p Value

15 days around datec 47 �983 �1898 to �67 0.04 42 �351 �1490 to 789 0.54
31 days around datec 46 �973 �1794 to �153 0.02 41 �468 �1683 to 747 0.44
61 days around datec 44 �882 �1697 to �67 0.03 39 �495 �1692 to 702 0.41

BDI-II: Beck Depression Inventory-II; CI: confidence interval.
aEvents were included if step-count data were available for more than half the days before and for more than half the days after the
anchor date. Ns vary because not every event met this criterion.

bEffects on daily step count are the model coefficients as determined by generalized linear regression models, adjusted for baseline daily
step count and BDI-II depression score. Event/no event is the independent variable (reference group ¼ no event). Daily step count
averaged 15, 31, or 61 days around the anchor date is the dependent variable.

cAnchor date of medical event or month-2 telephone call.

Table 5. Distribution-based estimates of the MCID.

Method MCID calculation
MCID estimate (steps/day);
pedometer plus websitea

MCID estimate (steps/day);
pedometer aloneb

Empirical rule effect size 0.08 � 6 � SDD 869 939
Effect size 0.5 � SDbaseline 842 1153
0.5 times SD 0.5 � SDD 906 979

MCID: minimal clinically important difference; SD: standard deviation.
aSDD of 1811 and SDbaseline of 1684 were used in calculations.
bSDD of 1957 and SDbaseline of 2306 were used in calculations.

Table 3. Multivariate analysis of the effect of having an event on change in daily step count.

Pedometer plus website (N ¼ 50)a Pedometer alone (N ¼ 41)a

Effect on change
in daily step countb 95% CI p Value

Effect on change
in daily step countb 95% CI p Value

Event �1086 �2124 to �48 0.04 �887 �2030 to 257 0.12

BDI-II: Beck Depression Inventory-II; CI: confidence interval.
aNs do not sum to 93 because step-count data at the end of study were not available for two subjects.
bEffects on change in daily step count are the model coefficients as determined by generalized linear regression models, adjusted for
BDI-II depression score. Event/no event is the independent variable (reference group ¼ no event). Change in daily step count (3-
month minus baseline values) is the dependent variable.
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assessments at baseline, during deterioration, and

recovery from an event. In the current study, the eval-

uation of two groups undergoing active PA promo-

tion, that is, pedometer plus website or pedometer

alone, is a strength since our results demonstrate

changes in daily step count during a medical event

at a time when patients are encouraged to increase

PA. Thus, our estimates likely reflect the “minimum”

change in daily step count that can be regarded as

important and are unlikely to overestimate the

MCID.15

Our study has several limitations. This is a single

center study in a cohort of predominantly White male

participants. Only 70% of the self-reported events

were confirmed by medical records, but it is specifi-

cally patient report that identifies the changes in med-

ical status needed for MCID calculations.15 We

acknowledge that the various types of medical events

assessed may have different impacts on PA, but all

events were meaningful to the patient, and the overall

sample size limited analyses by subtype of medical

event. There may have been a Hawthorne effect as all

participants received a pedometer. Since they

received the pedometer at study entry, it is unlikely

that they changed walking behavior because of the

pedometer at the time of an event during the study.

Participants were enrolled and monitored in an

ongoing walking study so their perception of clinical

change was not influenced by the initiation of PA

monitoring at the immediate time of an event. We

believe that the nonsignificant finding in the ped-

ometer alone group is related to the small sample

size, and larger studies are needed to corroborate

our findings. Although not statistically significant,

the change in step counts is clinically relevant.

The confidence intervals around the MCID esti-

mates are wide demonstrating the difficulty of pro-

ducing an MCID for such a varied outcome measure

as daily step count. We considered combining the

participants into one cohort, but the two groups

received very different interventions that most likely

differentially impacted the change of daily step

counts around the occurrence of medical events. Par-

ticipants were instructed to wear the pedometer upon

awakening and to remove it upon going to bed.

Although we excluded days with < 200 steps and <

8 hours of wear time, we did not objectively assess

and adjust for actual hours of wear time.

In conclusion, persons with COPD who have

a clinically significant adverse medical event experi-

ence a decrease in PA in the range of 350 steps/day

to 1100 steps/day compared to persons with no

events, providing an anchor-based estimate for the

MCID. Additional evidence using different clinical

anchors is needed to strengthen confidence in these

MCID values.
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