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ABSTRACT	

Maintenance of physical activity following pulmonary rehabilitation remains a challenge for 

patients with chronic obstructive pulmonary disease (COPD).  The objectives of this study were 

to identify patterns of endurance activity after completion of pulmonary rehabilitation and to 

characterize people who succeed and those who have difficulty maintaining endurance activity. 

 

In a longitudinal study embedded within a randomized clinical trial, 206 individuals with COPD 

underwent a 3-month pulmonary rehabilitation program.  Weekly duration of endurance activity 

was assessed at 4, 6, 8 and 12 months after rehabilitation start.  Trajectory modeling was used to 

determine the most common patterns of activity during the post-rehabilitation phase from 4-12 

months.   

 

Three distinct patterns were identified, two of which indicated difficulty in maintaining 

endurance activity: 61 individuals reported a high activity level at 4 months (2.7 hours/week) and 

stayed high, 114 individuals started at a low activity level (mean 1.0 hour/week) and stayed low, 

and 31 individuals started high (3.0 hours/week) and declined.   

 

The low activity group was characterized by more severe disease and greater respiratory 

impairment.  The high/decline group had less severe disease and respiratory impairment, but 

reported greater barriers to exercise.  Pulmonary rehabilitation may need to include behavioral 

interventions aimed at minimizing barriers.   

Word Count: 199 
Keywords: Behavioral Medicine; Exercise: Pulmonary disease, chronic obstructive; 

Rehabilitation.
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INTRODUCTION 

The short-term effectiveness of pulmonary rehabilitation in improving exercise capacity and 

health status is well-established [1], however sustained long-term physical activity remains a 

challenge for patients with chronic obstructive pulmonary disease (COPD) [2].  Although several 

studies have reported attendance during the initial program [3-5] or organized maintenance 

sessions [3, 4], few have documented in detail physical activity during the post-program or 

maintenance phase when patients must exercise on their own.  In a randomized controlled trial 

[6] that evaluated a telephone follow-up intervention after rehabilitation, approximately 70% 

(intervention group) and 90% (control group) of patients reported doing regular home exercise at 

3 months after rehabilitation start, and these values dropped to about 50% by 12 months.   While 

physical activity following rehabilitation appears insufficient overall, there is likely 

heterogeneity among COPD patients, with some maintaining activity better than others. 

 

Patients with COPD who maintain activity have less dyspnea during daily activity, better health-

related quality of life [7], and enhanced long-term functional [8], physiological and 

psychological outcomes [9]. In order to develop and implement clinically- and cost-effective 

physical activity maintenance interventions, however, more information is needed on the 

sociodemographic and disease-related characteristics of individuals with differing patterns of 

physical activity following rehabilitation.  The contribution of behavioral characteristics such as 

past exercise habits [10, 11], self-efficacy for exercise [10, 12], and perceived barriers to exercise 

[11, 13] should also be considered, as these variables have been significantly associated with 

physical activity maintenance among elderly [10] and chronic disease populations [11-13]. 
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Information on patient characteristics, associated with physical activity maintenance, can guide 

clinicians in identifying early in the rehabilitation process people who may have difficulty in 

maintaining physical activity, and the specific areas on which to focus interventions. In this 

study, we operationalized physical activity as the weekly duration of endurance activities, as 

guidelines for adults with chronic disease emphasize that greater amounts of endurance activity 

result in additional health benefits and higher levels of cardiovascular fitness [14].  Objectives of 

this study were (i) to identify patterns of endurance activity following pulmonary rehabilitation, 

and (ii) to characterize people who succeed and those who have difficulty maintaining endurance 

activity.   

 

METHODS 

Study Design 

We carried out a two-phase longitudinal observational study.  The first phase consisted of a 3-

month pulmonary rehabilitation program (0-3 months), and the second phase covered the post-

rehabilitation follow-up phase (4 months-1 year).  Both phases of the longitudinal study were 

embedded within a randomized clinical trial comparing the effectiveness of outpatient hospital-

based versus self-monitored home-based exercise training.  All subjects participated in 4 weeks 

of hospital-based self-management education, after which they were randomized to 8 weeks of 

either hospital- or home-based exercise training scheduled 3 times per week (3-month pulmonary 

rehabilitation program).  At the end of the program, participants in both groups were instructed 

to continue exercising on their own at least 3 times per week, for 30-45 minutes per session, and 

were encouraged to join a community exercise facility or to purchase exercise equipment for 

home use.  Following completion of the program, subjects were contacted by telephone every 2 
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months by a nurse case manager to reinforce the importance of continued exercise.  Patients were 

also encouraged to phone the case manager and exercise specialist with questions that arose 

following the rehabilitation program.  The trial intervention and results have been previously 

reported [15]. In the current manuscript, we are reporting specifically on the post-rehabilitation 

follow-up phase of the longitudinal study, as little is known about the maintenance aspect of 

pulmonary rehabilitation.  Results are based on the following measures:  baseline subject 

characteristics, exacerbations recorded during the entire study period, and endurance activity 

assessed at 4, 6, 8 and 12 months after the start of rehabilitation (maintenance phase).  

 

Subjects 

Individuals with a diagnosis of COPD were recruited from 10 participating centres across 

Canada and were included if they were community-dwelling, able to ambulate more than 110 

meters in 6 minutes, had fixed airway obstruction and no serious comorbidity.  Ethical approval 

was obtained from participating centres and subjects gave written informed consent.  Of 252 

individuals participating in the randomized trial, 206 subjects underwent assessment of 

endurance activity from 4 months to 1 year. Therefore the sample on which we are reporting in 

this manuscript consisted of 206 subjects.   

Assessment of Baseline Subject Characteristics 

Sociodemographic information, body mass index, oxygen use, smoking, and comorbid 

conditions were recorded.  Forced expiratory volume in one second (FEV1) was measured by 

spirometry using reference values from Knudson [16].  The Modified Medical Research Council 

(MMRC) dyspnea scale [17], 6-minute walk test [18] (best of two trials), St. George’s 

Respiratory Questionnaire [19], and Geriatric Depression Scale [20] were also administered.   
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Exercise habits during the 3 months prior to starting rehabilitation were evaluated as: no 

exercise, sporadic exercise (1-3 times per month, any duration), exercise at least once per week 

for < 20 minutes/session, or exercise at least once per week for > 20 minutes/session.  Self-

efficacy was measured using 5 items that assessed a person’s confidence in performing 

endurance activity of progressively longer session duration (range 5-40 minutes).  Each item was 

scored on a scale from 0% (not at all confident) to 100% (highly confident), and an average score 

was calculated [21].  Perceived barriers to exercise were evaluated using the barriers section of 

the Exercise Benefits/Barriers Scale [22].  This instrument lists 13 common barriers to exercise.  

A barrier was considered to be endorsed if subjects responded ‘agree’ or ‘strongly agree.’ 

 

Disease Exacerbations 

Disease exacerbations were recorded by monthly telephone interviews at the end of months 4-11, 

and at the 1-year visit, based on daily completion of a diary card for symptoms.  An exacerbation 

was defined as a worsening of at least one respiratory symptom (dyspnea, sputum production, 

sputum colour) for a period of 24 hours or more.  Exacerbations were classifed as mild, moderate 

or severe, according to the definitions of Wedzicha and Seemungal [23]. 

 

Outcome Assessment 

Endurance activities were assessed using a one-week exercise log administered by semi-

structured telephone (4, 6, 8 months) or face to face (1 year) interview.  The log was based on the 

7-Day Physical Activity Recall questionnaire, which has demonstrated reliability and validity in 

a variety of populations [24] and is feasible for telephone administration [25].  To minimize 

response burden and difficulty with recall, data were collected for the week preceding the 
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interview, as a sample of the subject’s typical endurance activity over the previous months.  

Subjects were also asked if the past week had been typical with respect to activity; if the week 

was not typical (more or less activity than usual), the reason was documented.  Data were 

collected for the following activities: stationary or regular bicycling, treadmill or overground 

walking, stairmaster or stair climbing, or any other type of endurance activity.  Subjects reported 

on which days (over the past 7 days) each activity was carried out and the activity duration.   

Values were then summed to yield total weekly duration of endurance activity.  

 

Statistical Analysis 

Due to skewed distribution, weekly duration of endurance activity was categorized as 0, 1-60, 

61-120, 121-180, and >180 minutes per week, corresponding to 1-hour increments in activity and 

labelled as categories 0 through 4. Category of endurance activity (0-4) was treated as a 

continuous variable and its trajectory was modelled over 4 time points (4, 6, 8, and 12 months) 

using latent class growth analysis [26].  Trajectory modeling identifies sub-groups (classes) of 

individuals with similar patterns over time and estimates a mean growth curve for each class, 

with intercept and slope variances specified as zero within each class.  Model selection was 

based on indices of model fit (Bayesian information criterion, Lo-Mendell Rubin likelihood ratio 

test).  

 

Baseline subject characteristics and the initial rehabilitation setting (home or hospital) were 

compared among trajectory classes, using ANOVA and chi-square tests for continuous and 

categorical variables, respectively.  For continuous variables, specific comparisons can be done 

through ANOVA to determine which of the sub-groups were significantly different.  For 
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categorical variables, this type of comparison would require multiple post-hoc tests, thereby 

increasing the likelihood of a type I statistical error (probability of finding a difference when 

none exists).  Statistical comparisons were therefore carried out conservatively to yield overall 

differences among the 3 classes.  Stepwise multivariate discriminant analysis was also carried 

out to verify the findings from univariate comparisons.  The decision to compare subject 

characteristics measured at baseline, rather than post-rehabilitation or pre-post change values, 

was based on two main considerations: (i) sociodemographic characteristics, FEV1 and dyspnea 

classification did not change appreciably over time, and (ii) baseline values are useful indicators 

as they can be used to identify early in the rehabilitation process patients at risk for poor 

maintenance of endurance activity and implement appropriate monitoring and follow-up 

strategies. 

 

Mplus software Version 4.2 was used for trajectory modeling [27], with simulation studies 

suggesting that simple trajectory models can be estimated with as few as 20 subjects. Therefore 

the sample of over 200 subjects was sufficient. Other analyses were carried out using SAS 

Version 9.1.  

	

RESULTS	

Of 252 subjects participating in the randomized trial, 37 (15%) were not included in the 

longitudinal study due to missing information.  This group was similar to the remaining subjects 

(n=215) on baseline sociodemographic characteristics, lung function and health status.  Of the 

215 remaining subjects, 9 dropped out during the follow-up phase and did not contribute data on 

physical activity.  The 46 individuals (37 plus 9), not included in the longitudinal study, had a 
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higher proportion reporting severe dyspnea, compared with the 206 subjects comprising the 

study sample (41% versus 24%), but were similar on all other baseline characteristics.   

Baseline characteristics are presented in Table 1.  Participants were older adults, slightly over 

half were male, and the majority had a body mass index normal or overweight.  Mean forced 

expiratory volume in one second indicated severe airflow obstruction [28], almost a quarter 

reported severe dyspnea with activity, and over half reported having at least 1 comorbid 

condition. 

 

Table 2 presents a descriptive summary of the median duration of endurance activity (inter-

quartile range) and the number (percent) of individuals in each category, at each evaluation time 

point.  Overall, the weekly time of endurance activity declined following completion of a 3-

month rehabilitation program.  

 

Trajectory Models 

Two-, three-, and four-class trajectory models are summarized in Table 3, with respect to subject 

classification and model fit. The 3-class model was selected based on the best combination of fit 

indices (lower Bayesian information criterion, significant Lo-Mendell-Rubin test).   The three 

trajectory classes were labelled ‘high’ (average 2.7 hours/week endurance activity at 4 months, 

3.2 hours per week at 12 months), ‘low’ (1.0 hour/week at 4 months, 0.7 hour/week at 12 

months), and ‘high/decline’ (3.0 hours/week at 4 months, 0.8 hour/week at 12 months).  These 

trajectory classes describe the level and pattern of activity, and comprised 30%, 55% and 15% of 

the sample, respectively.  The 3-class model is illustrated in Figure 1. 
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Comparison of Subject Characteristics across Trajectory Classes 

Selected subject characteristics are summarized, by trajectory class, in Table 4.  No significant 

differences among classes were observed for age, sex or health status.  Subjects in the low group 

had more severe disease and dyspnea, shorter 6-minute walk distance at baseline, were less likely 

to have exercised in the past, were less likely to have high baseline self-efficacy, and were more 

likely to have had an exacerbation during follow-up.  Higher proportions of smokers and 

individuals with comorbidity were observed in the low group, however differences were not 

statistically significant.   

 

The high/decline group had a lower proportion of subjects with severe or very severe disease, 

and with severe dyspnea.  Sixty-five percent of subjects reported 3 or more barriers to exercise at 

baseline, compared with 55% and 31% in low and high groups, respectively.  Barriers frequently 

endorsed within the high/decline group were: ‘exercise is tiring’ by 77% (versus 68% low group/ 

57% high group), ‘costs too much to exercise’ (35% versus 18% / 13%), ‘family-related barrier’ 

(19% versus 11% / 10%), ‘places to exercise too far away’ (26% versus 19% / 16%). The 

high/decline group also had the highest proportion of individuals working full-time, part-time or 

as a homemaker, although the difference across groups was not statistically significant.   

 

Stepwise multivariate discriminant analysis yielded three variables that discriminated 

significantly between trajectory classes (p<0.05): past exercise habits, 6-minute walk distance 

and barriers to exercise.  The interpretation of this analysis is that, among all variables entered in 

the model, these three variables discriminated most strongly between trajectory groups.  The 

multivariate results therefore confirm those obtained in univariate comparisons. 
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Of the total responses for weekly physical activity (all time points), 13% of responses were 

qualified as occurring during an atypical activity week.  Several significant differences were 

detected between groups and are reported here to provide complementary information to the 4-12 

month activity trajectories.  At 4 months, 18.4% of individuals in the low group reported a 

medical reason for doing less activity than usual (versus 6.7% in high group and 3.3% in 

high/decline group, p<0.05), and the majority of reasons were COPD-related.  At 8 months, 

12.9% in the high/decline group cited a major life event such as moving or a family illness/death 

(versus 3.9% in low and 1.7 in high, p<0.05).  At 12 months, 20.7% in the high/decline group 

reported a medical reason (versus 2.9% in low and 0% in high, p<0.0001), however the majority 

were unrelated to COPD. 

	

DISCUSSION	

For individuals with COPD, time spent in endurance activities showed an overall decline 

following completion of a 3-month pulmonary rehabilitation program.   There was heterogeneity 

within the study sample, however, as 3 distinct trajectories (classes) of activity were identified: 

individuals who started at a high level and stayed high, individuals who started low and stayed 

low, and individuals who started high and declined.  The low activity group was characterized by 

more severe disease and greater impairments in respiratory and functional status.  The 

high/decline group had less severe disease and respiratory impairment, but reported greater 

barriers to exercise. 
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Physical activity recommendations have been published for older adults ( 65 years) and adults 

50-65 years with chronic health conditions [14].  For aerobic activity, the recommendation is to 

perform moderate-intensity endurance activities for at least 30 minutes on 5 days each week, or 

vigorous-intensity activity for at least 20 minutes on 3 days each week.  If 120 minutes per week 

(30 minutes on 4 days) is considered a minimal acceptable amount of activity, only 36% of 

subjects in our study met this standard at 4 months, and the proportion declined to 26% at 12 

months.  This finding of overall insufficient activity is consistent with a previous cross-sectional 

study [29], in which COPD patients spent significantly less time per day than healthy individuals  

in walking and standing, and more time in sitting and lying positions.  A different picture 

emerges, however, if each trajectory class is considered separately.  Individuals in the high 

trajectory reported approximately 3 hours of weekly endurance activity throughout the post-

rehabilitation phase up to 1 year, thereby meeting recommendations for adults with chronic 

conditions.  This was not the case for individuals in the low trajectory who reported 1 hour or 

less of weekly activity.  Individuals in the high/decline group met activity recommendations 

shortly after completion of rehabilitation at 4 months, and then declined to a level similar to the 

low group at 12 months.    

 

We considered subjects classified in the low and high/decline trajectories to be those with 

difficulty maintaining endurance activity, accounting for 70% of the sample.  The low group was 

characterized by more severe airway obstruction, dyspnea, lower 6-minute walk distance, poor 

past exercise habits, worse self-efficacy for exercise, and being more prone to disease 

exacerbations.  These individuals were also more likely to cite a medical reason related to COPD 

for doing less activity than usual at 4 months, and this lower level of activity persisted 
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throughout the study period.  Therefore in this sub-group, difficulty maintaining endurance 

activity was influenced largely by COPD-related symptoms and functional limitations.  In 

contrast, individuals in the high/decline group had less severe airway obstruction and dyspnea, 

but were more likely to report barriers to exercise related to cost, family and exercise facilities, 

and included a higher percentage who were working.  Individuals in this group were also more 

likely to cite a life event at 8 months and a medical condition unrelated to COPD at 12 months, 

as reasons for doing less activity than usual.  Overall, in the high/decline group, practical 

barriers, life events and general health issues appeared to hinder endurance activity to a greater 

extent than did COPD-related factors. 

 

Baseline disease severity (based on FEV1) and six-minute walk distance differed among 

trajectory classes.  These findings are consistent with previous cross-sectional studies in which 

physical activity, measured by an activity monitor, was strongly associated with 6-minute walk 

distance (r=0.60 [30] and 0.76 [29]), and was moderately associated with FEV1 (r=0.37 [30] and 

0.28 [29]).  Kaplan et al. [12] previously showed that changes in self-efficacy for walking 

mediated compliance with a 3-month walking program in individuals with COPD.  Our findings 

further support the importance of self-efficacy, which differed significantly among classes (chi-

square, p<0.05).  The majority of individuals in the low trajectory reported at baseline no past 

exercise habits and 3 or more barriers to exercise.  These findings concur with both health 

behavior theory [31] and studies in healthy elderly [10, 32] and cardiac [33, 34] populations, in 

which past habits and barriers were strong predictors of future physical activity.  Interventions 

that specifically target self-efficacy and barriers may be beneficial both during and following 

completion of rehabilitation. 
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In our longitudinal study, rehabilitation setting did not differ significantly between activity 

trajectory classes.  In the companion randomized trial comparing home and hospital outpatient 

rehabilitation, baseline to 1 year changes in dyspnea, exercise tolerance, and health status were 

similar in both experimental groups [15]. These results suggest that the initial rehabilitation 

setting does not influence longer-term activity patterns (longitudinal study) or clinical outcomes 

(RCT).  In a small randomized trial (n=45) [35], it was reported that improvements in exercise 

capacity were better maintained at 18 months in the home group than hospital-based program.  

More work is needed, however, to better understand the specific components of home or hospital 

exercise training and how they may optimize or hinder longer-term maintenance of physical 

activity. 

 

Exacerbations and endurance activity were measured concurrently during the 4-12 month period, 

and therefore the temporal relationship between these variables is unclear.  Results from class 

comparisons suggest that individuals who are more prone to exacerbations also have difficulty in 

maintaining endurance activity (chi-square, p<0.05).  This finding is consistent with a 1-year 

follow-up study [6] where the most commonly self-reported reason for not exercising, following 

completion of rehabilitation, was a chest infection.  The importance of exercise barriers, 

observed in our study, points to an area often overlooked in pulmonary rehabilitation and that 

requires further investigation.  Our results suggest that barriers are particularly relevant for 

individuals with characteristics consistent with the high/decline group.  Health professionals 

should guide patients’ in identifying barriers and in developing strategies to minimize the 

potential effect of these barriers on physical activity.   
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A study limitation was the use of a self-report measure to assess physical activity however this 

limitation was mitigated by several factors. Although self-report measures can overestimate 

physical activity [36] under certain conditions, this is not the case when subjects are familiar 

with the activity protocol and when the timing and type of activity are self-chosen [37], as was 

the situation in our study.  Also, in longer-term studies, assessment tools such as patient-

completed diaries or activity monitors worn on the subject’s body serve as reminders and may 

cause behavior change. This phenomenon is called reactivity, a change in behavior resulting 

from study procedures [38].  The interviewer-administered log used in the current study was 

non-intrusive, an important benefit given the observational design and long duration of follow-

up. 

 

Strengths of this study included the large sample size, longitudinal design necessary to observe 

behavior patterns that change over time, and trajectory modeling to capture this change and 

identify sub-groups within a heterogeneous study sample.   

	

In conclusion, weekly time spent in endurance activity showed an overall decline following 

participation in a 3-month pulmonary rehabilitation program. Three distinct patterns were 

identified through trajectory modeling, two of which indicated difficulty in maintaining 

endurance activity.  By identifying individuals with barriers to exercise and implementing 

appropriate interventions during and after the rehabilitation program, it may be possible to 

promote better long-term involvement in physical activity.  Future research should evaluate the 

effect of behavioral interventions aimed at minimizing these barriers.   
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TABLE 1.  BASELINE CHARACTERISTICS OF SUBJECTS 
Characteristic Mean (SD) No. (%) 

Age (years)   66 (8) 

Sex   Male 
   Female 

116 (56) 
90 (44) 

Body mass index*  Underweight 
   Normal 
   Overweight 
   Obese 

9   (4) 
66 (32) 
72 (35) 
59 (29) 

Supplemental oxygen use for exercise 13  (6) 

Smoking status Non-smoker† 
   Ex-smoker 
   Current smoker 

 
1  (0.5) 

169 (82.0) 
36 (17.5) 

Comorbid conditions 0 / 1 / 2-3 90 (44) / 87 (42) / 29 (14) 

Marital status  Single, separated, divorced, or widowed 
   Married or common law 

94 (46) 
112 (54) 

FEV1 (L)   1.1  (0.4) 

FEV1 (% predicted) 44.4 (13.0) 

Disease Severity‡ II  - Moderate 
(GOLD classification) III - Severe 
       IV- Very severe 

71 (34) 
107 (52) 

28 (14) 

Dyspnea§  Mild-Moderate  
   Severe  

157 (76) 
49 (24) 

Six-minute walk distance** (m) 369 (86) 

Health status †† (%)   46 (15) 

Depression‡‡  None  
   Possible / Probable 

153 (75) 
51 (25) 

* Body mass index categorized as underweight (<18.5 kg/m2), normal (18.5-24.9 kg/m2), overweight (25-29.9 
kg/m2), obese (30 kg/m2). 

† One subject reported being a non-smoker, but had spirometry values characteristic of fixed airway obstruction 
and was therefore retained in the study sample. 

‡ Disease severity classified according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
guidelines[28]: Stage I, mild (FEV1  80% of predicted normal value); Stage II, moderate (FEV1 50-79%); Stage 
III, severe (FEV1 30-49%); Stage IV, very severe (FEV1 <30%). 

§ Dyspnea measured using Modified Medical Research Council dyspnea scale: mild-moderate dyspnea (grade 1-
3), severe dyspnea (grade 4-5). 

** Six-minute walk distance: n=205. 
†† Health status measured using St. George’s Respiratory Questionnaire total score, where higher score represents 

worse health status. 
‡‡ Depression measured using Geriatric Depression Scale: 0-5 no depression, 6-10 possible depression, 11-15 

probable depression, n=204. 
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TABLE 2.  REPORTED TIME SPENT IN ENDURANCE ACTIVITIES DURING 
PREVIOUS WEEK, AT 4 TIME POINTS DURING YEAR 

 Month 

 4* 6† 8‡ 12§ 

Median (interquartile range), 
minutes / week 

80 (20-150) 75 (0-150) 70 (0-125) 50 (0-125) 

Category Minutes/week No. (%)** 

0 0 46 (23) 49 (26) 65 (34) 63 (34) 

1 1-60 34 (17) 30 (16) 30 (16) 38 (20) 

2 61-120 49 (25)  40 (21) 44 (23) 38 (20) 

3 121-180 33 (17) 41 (22) 32 (17) 24 (13) 

4 > 180 37 (19) 30 (16) 22 (11) 25 (13) 

  * n=199; † n=190; ‡ n=193; § n=188. 
** Sum of percent values may not equal 100 due to rounding. 
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TABLE 3.  SUMMARY OF TRAJECTORY MODELS 

Model 
Description of 
Trajectories 

No. (%) of 
Subjects* 

Bayesian 
Information 
Criterion† 

Lo-Mendell- 
Rubin Test‡ 

 

2-class High 
Low 

  64 (31) 
 142 (69) 

2614 p=0.03  

3-class High 
Low 
High/decline 

   61 (30) 
 114 (55) 
 31 (15) 

2603 p=0.02  

4-class High 
Low 
High/decline 
Low/improve 

 34 (17) 
 82 (40) 
 41 (20) 
 49 (24) 

2573 p=0.06  

* A subject’s trajectory class was the one to which he/she had the highest probability of belonging. 
† For the Bayesian information criterion, a lower value indicates better model fit. 
‡ Lo-Mendell-Rubin test is a likelihood ratio test of model fit.  The p-value represents the probability that the data 

have been generated by a model with one less class.  A low p-value (<0.05) indicates that the model with one 
less class is rejected in favour of the estimated model. 

TABLE 4.  SUBJECT CHARACTERISTICS BY TRAJECTORY CLASS 

 

% in Trajectory Class: 

Low 
(n=114) 

High 
(n=61) 

High/Decline 
(n=31) 

Baseline Characteristic    

Age, mean (SD) 67 (8) 65 (9) 63 (7) 

Female sex 44 43 45 

Work (full-time, part-time, 
homemaker) 

18 16 26 

Current smoker 21 11 16 

Comorbid conditions (1 or more) 65 48 42 

Disease severity (GOLD)* 
 II  - Moderate 
 III - Severe 
 IV - Very severe 

 
    27** 

54 
19 

 
   39** 

53 
 8 

 
   52** 

45 
 3 

Severe dyspnea†     31**    20**    6** 

6-minute walk (m), mean (SD)‡ 347 (91)‡‡ 399 (71)‡‡ 390 (78)‡‡ 

Health status, mean (SD) § 47 (14) 44 (14) 44 (16) 

Past exercise habits (any)  45 †† 77 †† 61 †† 
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High self-efficacy 44** 66** 48** 

Barriers to exercise (≥ 3)  55 †† 31 †† 65 †† 

Home rehabilitation setting 50 48 58 

Exacerbation during Follow-up (4-12 mths)    

Exacerbation of any severity    66**     43**    52** 

Moderate or severe exacerbation    51**    28**    35** 

* Disease severity classified according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
guidelines[28]: Stage I, mild (FEV1  80% of predicted normal value); Stage II, moderate (FEV1 50-79%); Stage 
III, severe (FEV1 30-49%); Stage IV, very severe (FEV1<30%). 

† Dyspnea measured using Modified Medical Research Council dyspnea scale: mild-moderate dyspnea  (grade 1-
3), severe dyspnea (grade 4-5). 

‡ Six-minute walk distance: n=205. 
§ Health status measured using St. George’s Respiratory Questionnaire total score, where higher score represents 

worse health status. 
** p<0.05; ††p<0.01; ‡‡ p<0.001.  Between-class difference was statistically significant, using 1-way ANOVA for 

continuous variables and chi-square test for categorical variables. 
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FIGURE 1.  3-CLASS MODEL: MEAN OBSERVED AND ESTIMATED 
TRAJECTORIES 
 

 
 
Figure legend: 
Weekly duration of endurance activity plotted against time for high, high/decline and low 
trajectory groups.  Solid lines represent mean estimated trajectories, and dashed lines represent 
mean observed trajectories.  Gray box indicates the 3-month pulmonary rehabilitation program. 
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