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Objectives: The aims of this paper were (1) to describe
objectively confirmed physical activity patterns across 3
chronic cardiopulmonary conditions, and (2) to examine the
relationship between selected physical activity dimensions with
disease severity, self-reported physical and emotional function-
ing, and exercise performance.

Design: Cross-sectional study.
Setting: Participants’ home environment.
Participants: Patients with cardiopulmonary illnesses: chronic

obstructive pulmonary disease (COPD) (n�63), heart failure
(n�60), and patients with implantable cardioverter defibrillator
(n�60).

Interventions: Not applicable.
Main Outcome Measures: Seven ambulatory physical activity

dimensions (total steps, percent time active, percent time am-
bulating at low, medium, and high intensity, maximum cadence
for 30 continuous minutes, and peak performance) were mea-
sured with an accelerometer.

Results: Subjects with COPD had the lowest amount of
ambulatory physical activity compared with subjects with heart
failure and cardiac dysrhythmias (all 7 activity dimensions,
P�.05); total step counts were: 5319 versus 7464 versus 9570,
respectively. Six-minute walk distance was correlated (r�.44–
.65, P�.01) with all physical activity dimensions in the COPD
sample, the strongest correlations being with total steps and
peak performance. In subjects with cardiac impairment, max-
imal oxygen consumption had only small to moderate correla-
tions with 5 of the physical activity dimensions (r�.22–.40,
P�.05). In contrast, correlations between 6-minute walk test
distance and physical activity were higher (r�.48–.61, P�.01)
albeit in a smaller sample of only patients with heart failure.
For all 3 samples, self-reported physical and mental health
functioning, age, body mass index, airflow obstruction, and
ejection fraction had either relatively small or nonsignificant
correlations with physical activity.

Conclusions: All 7 dimensions of ambulatory physical activ-
ity discriminated between subjects with COPD, heart failure,
and cardiac dysrhythmias. Depending on the research or clin-
ical goal, use of 1 dimension, such as total steps, may be
sufficient. Although physical activity had high correlations
with performance on a 6-minute walk test relative to other
variables, accelerometry-based physical activity monitoring
provides unique, important information about real-world be-
havior in patients with cardiopulmonary illness not already
captured with existing measures.
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CARDIOPULMONARY DISEASES are the leading cause
of morbidity and mortality worldwide.1 Epidemiologic

studies based on self-reported physical activity show that
higher levels of activity are associated with lower risk of
incident chronic obstructive pulmonary disease (COPD) in
smokers and in patients with COPD, decreased risk of hospital
admissions, exacerbations, and mortality.2-4 A recent 4-year
prospective study of 170 patients with COPD showed that
objectively measured physical activity was the best predictor of
all-cause mortality when compared with a broad range of other
prognostic factors including airflow obstruction, exercise per-
formance, cardiovascular status, nutritional and muscular sta-
tus, systemic inflammation, health status, depressive symp-
toms, and dyspnea. Each increase of 1845 steps per day was
associated with a 51% lower risk of death (hazard ratio, .49;
95% confidence interval, .35–.69).5 The physiologic processes
underlying the relationship between physical activity and sur-
vival are complex and only incompletely understood. However,
it has been hypothesized that inactivity leads to cellular and
molecular dysregulation, which directly contributes to the de-
velopment of multiple chronic conditions.6,7

Similarly, associations have been found for self-reported
physical activity with the primary and secondary prevention of
cardiovascular diseases in a number of epidemiologic stud-
ies.6-9 However, far fewer studies have been published on
objectively measured physical activity in select cardiac popu-
lations, such as heart failure,10-12 severe cardiac dysrhythmias,
or coronary artery disease, to provide useful benchmarks of

From the Department of Biobehavioral Nursing and Health System, University of
Washington (Nguyen, Dougherty, Burr); Health Services Research and Development,
Veteran’s Administration Puget Sound Health Care System (Steele, Dougherty),
Seattle, WA.

Supported by the National Institutes of Health (grant nos. 1KL2RR025015-01, R01
NR008938, R01 HL 084550) and Veteran’s Administration (grant no. HSR&D NRI
04-242). The study sponsor played no role in the study design, data collection,
analysis and interpretation of data, and writing of the manuscript.

No commercial party having a direct financial interest in the results of the research
supporting this article has or will confer a benefit on the authors or on any organi-
zation with which the authors are associated.

Clinical Trials Registration Nos.: NCT00373932; NCT00522340, NCT00467298.
Correspondence to Huong Q. Nguyen, PhD, RN, University of Washington, Box

357266, Seattle, WA 98195, e-mail: hqn@uw.edu. Reprints are not available from the
author.

In-press corrected proof published online on Sep 6, 2012, at www.archives-pmr.org.

0003-9993/12/9312-00231$36.00/0
http://dx.doi.org/10.1016/j.apmr.2012.06.022

List of Abbreviations

ATS American Thoracic Society
COPD chronic obstructive pulmonary disease
EF ejection fraction
FEV1 forced expiratory volume in 1 second
SAM StepWatch 3 Activity Monitor
6MWT 6-minute walk test
V̇O2max maximal oxygen consumption
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physical activity levels for comparisons across studies. Activity
monitoring based on accelerometry can more precisely capture
what patients actually do in their daily lives instead of what
they report or what they are capable of with laboratory exercise
testing.13 While the pathophysiologic processes in the devel-
opment of COPD, heart failure, and cardiac rhythm disorders
differ, we posit that decreased physical activity is a common
pathway to impaired functioning and disability in these and
other chronic conditions14 and that objective assessment of
physical activity provides a unique but universal metric for
comparison across diseases and studies. Therefore, the aims of
this article are (1) to describe objectively confirmed physical
activity patterns across 3 chronic cardiopulmonary conditions,
and (2) to examine the relationship between selected physical
activity dimensions with disease severity, self-reported physi-
cal and emotional functioning, and exercise performance.

METHODS

Participants
Between 2007 and 2010, a combined convenience sample of

183 outpatients at a Veterans Administration and university
medical center were selected for study from the combined
databases of 3 similar outpatient studies of activity patterns in
cardiopulmonary illness.15,16 All subjects had either a diagno-
sis of COPD, a history of life-threatening cardiac arrhythmias,
or heart failure and had been clinically stable for at least 1
month and under optimal medical management. All subjects
were able to read, speak, and write English and were not
carrying out more than 2 days of supervised exercise per week.
Subjects were excluded if they had less than 1 year to live,
active malignancy, hypoxia with exertion (oxygen saturation
�86% during exercise testing), significant psychiatric illness or
recent drug abuse that would impair participation, and neuromus-
cular disease that limited daily activity. In addition, subjects were
excluded if they evidenced disease exacerbation, uncontrolled
cardiac dysrhythmias, unstable angina, recent myocardial infarc-
tion, or cardiothoracic surgery within the past 3 months.

COPD sample (n�63). The COPD subjects had to have at
least mild COPD (Global Initiative for Obstructive Lung Dis-
ease stage I), defined as a postbronchodilator forced expiratory
volume in 1 second (FEV1)/forced vital capacity ratio �.70
with FEV1�80% predicted with daily activities limited by
dyspnea.

Heart failure sample (n�60). In addition to the general
inclusion and exclusion criteria described earlier, heart failure
subjects had to have an ejection fraction (EF) of �.3517,18 and
daily activities limited by dyspnea or fatigue.

Cardiac dysrhythmia sample (n�60). In addition to the
general inclusion and exclusion criteria, the cardiac dysrhyth-
mia sample had a history of life-threatening dysrhythmia that
required the placement of an implantable cardioverter defibril-
lator for secondary prevention of sudden cardiac arrest. These
subjects were also on beta blockers.

Measurements
Demographics. Data included self-reported age, sex, edu-

cation, and marital status.
Health status. Health status included self-report of chronic

conditions (Charlson comorbidity index), EF obtained from
medical records, and spirometry, which was performed accord-
ing to American Thoracic Society (ATS) standards using a
Koko spirometer.a Postbronchodilator values were used.

Exercise performance. Performance was assessed using
the 6-minute walk test (6MWT)19 and a modified Balke tread-
mill symptom-limited test protocol.20 Participants performed
two 6MWTs according to ATS guidelines, and the longer of
the 2 tests was used for analysis. Maximal oxygen consumption
(V̇O2max) was measured during the cardiopulmonary exercise
test session in an exercise laboratory and determined as the
average value observed over the last 10 seconds of exercise
(Viasys VMax series 229b).

Ambulatory physical activity. This was measured using a
pager-sized, lightweight, StepWatch 3 Activity Monitor (SAM)c

fastened above the right ankle. The SAM is a dual-axis acceler-
ometer linked to a microprocessor sensor that directly and

Table 1: Subject Characteristics

Characteristics
COPD Heart Failure Cardiac Dysrhythmias Total ANOVA*
(n�63) (n�60) (n�60) (N�183) (P)

Age 67.0�9.3 60.5�10.8 55.4�11.6 61.1�11.6 �.001†‡§

Sex (male) 58 (91) 57 (95) 44 (72) 159 (86) �.001‡§

Ethnicity (white) 53 (83) 48 (80) 58 (95) 159 (86) .040†‡§

Education (at least some college) 31 (48) 41 (73) 44 (72) 119 (64) .006†‡

Body mass index 29.7�7.0 30.5�7.0 29.0�6.0 29.7�6.7 .460
Charlson comorbidity index 1.6�1.2 2.3�1.3 1.0�0.9 1.6�1.2 �.001†‡§

EF 55�8 27�7 49�11 41�15 �.001†§

Spirometry
FEV1 (% predicted) 36�15 72�20 85�15 64�27 �.001†‡§

FVC (% predicted) 57�16 73�17 85�14 72�20 �.001†‡§

FEV1/FVC 0.46�0.16 0.73�0.11 0.73�0.08 0.64�0.17 �.001†‡

Health-related quality of life
SF-36 physical component score 30.7�7.7 42.7�11.8 51.2�9.0 41.4�12.8 �.001†‡§

SF-36 mental component score 45.3�13.0 43.4�8.6 40.7�6.3 43.1�9.9 .035
Exercise performance

6MWT (m) 340.2�113.1 385.2�104.4 (n�24) NA 353.6�112.0 .094
V̇O2max (mL·min-1·kg-1) NA 20.3�5.3 (n�36) 24.4�6.1 22.8�6.1 .001

NOTE. Values shown are mean � SD or count (%).
Abbreviations: ANOVA, analysis of variance; FVC, forced vital capacity; NA, not applicable; SF-36, Medical Outcomes Study 36-Item
Short-Form Health Survey.
*Overall group comparison; pairwise comparisons with Bonferroni corrections: P�.05, †COPD versus heart failure, ‡COPD versus cardiac
dysrhythmias, and §heart failure versus cardiac dysrhythmias.
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