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Abstract 

To evaluate whether changes in regular physical activity (PA) affect health-related 

quality of life (HRQoL) among patients with chronic obstructive pulmonary disease 

(COPD). 

 

611 patients (mean age 67.2 ± 8.4; FEV1 49.7 ± 14.6) completed the Saint George's 

Respiratory Questionnaire (SGRQ), the Chronic Respiratory Questionnaire (CRQ), 

and the Medical Outcomes Study Short Form (SF-36) questionnaire. Physical 

activity, defined as patients' self-reported regular walking times, was classified as 

low, moderate, and high. After 5 years, 391 survivors again completed these 

instruments. 

 

After adjustment for relevant confounders, patients who reported low PA at baseline 

and who increased their PA over the study period improved their SGRQ and CRQ 

scores by 15.9 and 8.7 points respectively. Patients who moved from moderate to 

high PA improved their SGRQ scores by 18.4 and their CRQ scores by 14.8. Slightly 

smaller increases were observed for patients who maintained a high level of PA 

throughout the study period. Maintaining a low level of PA or decreasing PA over the 

study period was associated with a significant HRQoL decline. 

 

Among COPD patients, a reduction in time spent engaging in PA or maintaining a 

low level may impair HRQoL, whereas an increase in PA can improve HRQoL 

parameters. 
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INTRODUCTION 

Regular physical activity (PA) has been shown to be beneficial in the general 

population for the primary and secondary prevention of cardiovascular disease, 

hypertension, type 2 diabetes mellitus, obesity, osteoporosis, and some kinds of 

cancer [1]. Physical activity is associated with reduced mortality [2] .These benefits 

apply to men and women, young and old [3]. Extreme levels of fitness are not 

required�engaging in a moderate-intensity physical activity on most days of the 

week is generally sufficient [4]. Walking, an activity that most people can do, has 

been associated with virtually all of the benefits of regular physical activity [5]. 

 

Chronic obstructive pulmonary disease (COPD) is characterized by chronic airway 

obstruction that worsens over time. Although its primary impact is on the lungs, it also 

produces biochemical, structural, and functional alterations throughout the body [6,7]. 

These respiratory and systemic changes cause a progressive decline in health [8]. 

 

Quality of life is an important measure of health, particularly for older people and 

those suffering from a chronic disease. It is thus important to use health-related 

quality of life (HRQoL) tools that can evaluate the repercussions of a disease such as 

COPD on the entire patient. In patients with COPD, poor HRQoL has been 

associated with an increased likelihood of hospitalization [9], hospital readmission 

[10], and mortality [11]. 

 

Data from cross-sectional studies show a direct association between HRQoL and PA 

in general population, but the data are scarce and incomplete [12]. Even less 

information is available about this relationship among patients with COPD. As 

suggested by a population-based study, regular physical activity may counter the 
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decline in HRQoL in part by reducing COPD-related hospital admissions and 

mortality and slowing the decline in FEV1 [13, 14]. 

 

We designed this study to determine the impact of changes in the level of PA, 

primarily low-intensity walking during leisure time, on HRQoL in a cohort of patients 

with COPD over a 5-year period. 
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METHODS 

Subjects 

We recruited patients being treated for COPD at the outpatient clinics of Hospital 

Galdakao-Usansolo between February 1998 and February 1999. Hospital Galdakao-

Usansolo is a 400-bed teaching hospital in the Basque Country (northern Spain) that 

serves a population of 300,000 inhabitants. It belongs to the network of public 

hospitals of the Basque Health Care Service, which provides free unrestricted care to 

nearly 100% of the population. A respiratory rehabilitation program was instituted in 

January 2008. 

 

Consecutive patients were included in the study if they had been diagnosed with 

COPD for at least six months and had been receiving medical care at one of the 

hospital's outpatient facilities for at least six months. COPD had to be stable (no 

increase in respiratory symptoms or changes in treatment) for six weeks prior to 

enrollment. Other inclusion criteria were forced expiratory volume in one second 

(FEV1) <80% of the predicted value, FEV1/forced vital capacity (FVC) quotient <70%, 

and a negative bronchodilation test with FEV1 change <200 mL and under 15% of the 

baseline value. The functional parameters used were those obtained following 

bronchodilation. Patients were not eligible for the study if they had been diagnosed 

with asthma, had extensive pulmonary tuberculosis or neoplastic processes, were 

suffering from psychiatric or neurological problems that might prevent effective 

collaboration, or had hearing or other problems that impeded accurate 

communication. Patients were also excluded if they had participated in a respiratory 

rehabilitation program. Each patient was given detailed information about the study 

and provided verbal informed consent to take part in it. The study protocol was 

approved by the research committee of the Hospital Galdakao-Usansolo. 
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Study protocol 

Patients who fulfilled the selection criteria were interviewed and underwent physical 

examination soon after recruitment. Spirometry was conducted following criteria from 

the Spanish Pneumology and Thoracic Surgery Society (SEPAR) [15] with a Master-

Scope-PC spirometer (Erich Jaeger GmbH & Co, KG, Wuerzburg, Germany). 

Theoretical values were those established by the European Community for Steel and 

Coal [16]. 

 

HRQoL was assessed at baseline using 3 instruments: the generic 36-item Medical 

Outcomes Study Short Form (SF-36), including its physical component summary 

scale (PCSS) and mental component summary scale (MCSS) [17], and 2 disease-

specific questionnaires�the St. George's Respiratory Questionnaire (SGRQ) [18] 

and the Chronic Respiratory Questionnaire (CRQ) [19]. We used versions of all three 

instruments that have been validated in Spanish populations [20-22]. 

 

Normalized SF-36 values can be estimated to provide a reference value from the 

general population. To do this, each SF-36 component score is first standardized by 

using the mean and standard deviations (SD) obtained from a Spanish population of 

men over age 45 years and then transformed to norm-based (mean=50, SD=10) 

scoring [23]. 

 

At the baseline personal interview, patients were asked about the kinds of physical 

activities they did. Special emphasis was placed on walking, with questions about 

time spent walking and distance covered, as has been done in previous studies [24]. 

The level of physical activity was defined as the time patients spent walking during 



 7

their leisure time, and was classified into three categories: low (engaging in light 

physical activity such as walking for less than 2 hours/week), moderate (engaging in 

light physical activity such as walking for 2-4 hours/week), and high (engaging in light 

physical activity such as walking for more than 4 hours/week), again as was done in 

previous studies [13,25-27]. Comorbidities were determined by reviewing patients' 

medical records for their clinical histories. 

 

Patients were followed for up to 5 years. During this period, they continued to meet 

with their primary care physicians and respiratory specialists, and followed the 

recommendations and prescribed treatments. As is standard practice in our COPD 

clinics, all patients were urged to stop smoking, if necessary, and to engage in 

regular physical activity. Primary care physicians, respiratory specialists, and other 

health-care providers did not provide any interventions related to this study, and the 

research team did not intervene in patients' routine treatment or in the treatment of 

exacerbations. 

 

Five years after enrollment, the survivors were again interviewed, underwent 

spirometry, and completed the 3 HRQoL questionnaires. As before, each was asked 

about the average time and distance they walked per day. Follow-up interviews were 

scheduled at outpatient clinics of our hospital during times when patients were 

clinically stable. Patients who developed a disease that could alter HRQoL or prevent 

them from completing the HRQoL questionnaires (cancer, Alzheimer's disease, etc.), 

and those who could not be interviewed personally, as well as those who were 

enrolled in a pulmonary rehabilitation program during the follow-up period, were 

excluded from the study. 
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Vital status was determined by reviewing medical reports and examining the hospital 

database and public death registries. Deaths were considered confirmed if the record 

matched the subject on name, sex, and date of birth. The cause of death in all cases 

was based on hospital reports and public death registries. For deaths that occurred 

out of the hospital, the researchers telephoned relatives and the primary care 

physician. The research team analyzed all data and established the causes of death. 

 

Statistical analysis 

We present means and standard deviations for continuous variables and frequencies 

and percentages for categorical variables. 

 

For the comparison of survivors and nonsurvivors, we used the Chi-square and 

Fisher's exact tests to evaluate associations among categorical variables, and the 

Student t test for continuous variables. Non-parametric test were used when 

appropriate. 

 

To evaluate possible correlations between the three levels of physical activity at 

baseline and sociodemographic and clinical variables and the SF-36, SGRQ, and 

CRQ, we used the analysis of variance (ANOVA) test with the Scheffeé test for 

multiple comparisons and the non-parametric Kruskal-Wallis test. The same test was 

used to check for correlations among the changes in PA over the 5-year study. 

 

We also present graphically the changes in PA over the study period, taking as a 

reference the normative data of the general population of the same age and gender. 
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We performed multivariate analysis by means of two generalized linear models. The 

dependent variables were, respectively, the change in SGRQ scores over the study 

period and the change in CRQ scores. The main independent variable was the 

change in PA during the study (PA categories at 5 years vs PA categories at basal 

time) adjusted by age, FEV1, previous hospital admissions, level of dyspnea, 

comorbidities, and mental health status (measured by the SF-36 MCSS) at baseline, 

and by baseline HRQoL as measured by SGRQ or CRQ scores, respectively, in each 

corresponding model. 

 

All effects were considered significant at p<0.05 unless otherwise noted. All statistical 

analyses were performed using SAS for Windows statistical software, version 8.2 

(SAS Institute, Inc., Carey, NC).
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RESULTS 

A total of 611 patients fulfilled the study criteria and completed the baseline 

questionnaires. 

 

After 5 years of follow-up, 445 patients (72.8%) were still alive. Causes of death 

included exacerbations of COPD (81), other respiratory causes (16), cardiovascular 

or cerebrovascular disease (40), and other causes (26), mainly various neoplasms; 

no clear cause of death was recorded for 3 patients (sudden death). Differences 

between survivors and those who died are shown in Table 1. 

 

Among the 445 survivors, 54 patients were not included in the final analysis: 25 had 

active neoplasms, 19 had moved out of the area, 7 had developed psychiatric 

disorders or Alzheimer's disease, 1 became blind, and 2 could not be located. The 

characteristics of these 54 patients were not different in level of PA or FEV1%, 

dyspnea, smoking habits, comorbidities, or HRQoL from the 391 survivors. 

 

At baseline, patients who reported lower levels of PA had more dyspnea, were more 

likely to have been admitted to the hospital for an exacerbation of COPD in the 2 

years prior to enrollment, had more comorbidities, and had lower FEV1 than those 

with moderate or high levels of PA. There were no significant differences in the other 

variables between the three PA groups (Table 2). 

 

A number of differences in HRQoL were observed across PA categories. At baseline, 

there were statistically significant differences in SGRQ scores across the three PA 

categories in most areas. Differences in CRQ scores were observed mainly between 

the low PA and high PA groups. With regard to SF-36 scores, differences were 



 11

generally observed between the low PA category and the two higher categories 

(Table 3). Statistically significant differences between the three groups were 

observed in the �Physical Functioning� area. 

 

After 5 years of follow-up, 254 patients reported the same level of PA that they had 

reported at baseline, 75 reported less PA, and 62 reported increased PA. At this 

time, the total SGRQ for the cohort was 38.7 ± 20.8 and the total CRQ was 100.7 ± 

27.4. The distribution of the changes in PA is reflected in Table 4. In general, 

maintaining a low level of PA or decreasing PA over the study period was associated 

with a statistically significant decline in HRQoL, as measured by the SGRQ and 

CRQ, while maintaining a high level of PA or increasing PA was associated with an 

improvement in HRQoL, with greater increases in SGRQ than CRQ scores. In the 

SF-36 PCSS, a decline was observed across all categories of PA, with the largest 

changes among patients who reported a lower PA level after 5 years of follow-up. In 

the MCSS, there was a decline in HRQoL among patients with low PA at baseline 

and after 5 years of follow-up as well as in those who reported a moderate level of 

PA at baseline and a low level after 5 years (Table 4). 

 

Changes in PA over the study period, taking as a reference the normative data of the 

general population of the same age and gender, showed that those who improved 

their PA over the course of the 5-year follow-up period preserved their SF-36 PCSS 

values and slightly improved their MCSS. In general, though, they did not reach the 

levels observed for the general population (Figure 1). 

 

Multivariate analysis of two different models used the total SGRQ score (Model 1) 

and the total CRQ score (Model 2) as separate dependent variables, and changes in 
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the reported level of PA over the 5-year study period as the main independent 

variable (Table 5). Changes in the self-reported level of PA over the course of the 

study were independently associated with changes in HRQoL in the two models. 

Using the patients who reported high levels of PA at baseline and after 5 years 

(High/High) as a reference group, patients who reported low levels of PA at baseline 

and after 5 years (Low/Low) experienced a decline in HRQoL (an increase of 16.9 

units in the total SGRQ score). A similar decline was observed among patients who 

reported a decline in PA after 5 years of follow-up (Moderate/Low and 

High/Moderate-Low). When patients in the lowest category of baseline and 5-year PA 

(Low/Low) were used as a reference group, improvements in HRQoL as measured 

by decreases in SGRQ scores were observed among patients who increased their 

PA from baseline or who maintained moderate or high levels of PA (Table 5). Those 

patients whose changed their PA level from low to moderate/ high had almost 16 less 

points in the SGRQ than those who maintain their PA as low at 5 years. Maintaining 

for 5 years the PA level as moderate improved the SGRQ score in 10 units and 

changing from moderate to high o maintaining at high level improved in more than 16 

unit the total domain of the SGRQ with respects to that patients who stayed at low 

PA level during the study. The magnitude of the improvement in HRQoL was similar 

regardless of the baseline level of PA. Other variables evaluated, such as BMI and 

pack-years of cigarettes, did not influence the change in HRQoL. While the mean 

number of comorbidities increased from 1.7 at baseline to 1.9 after 5 years of follow-

up (p<0.01), this did not have a significant impact in the multivariate analysis. 
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DISCUSSION 

Among patients with COPD who were not participating in a structured respiratory 

rehabilitation program, changes in the level of leisure-time PA as measured by the 

average time spent walking each day was strongly associated with HRQoL. Patients 

who engaged in low levels of PA over the 5-year study period and those whose level 

of PA decreased experienced significant declines in HRQoL. In contrast, HRQoL 

improved in patients who maintained moderate or high levels of PA and those who 

increased their PA. We focused on a specific PA�walking�since it is a very 

common leisure-time activity that can easily be done by older individuals and those 

with medical conditions such as COPD. 

 

In our univariate analysis, patients who engaged in low levels of PA had more 

dyspnea, more comorbidities, more hospital admissions in the 2 previous years, 

lower FEV1, and poorer HRQoL than those with high PA. This corresponds to the 

results of a cross-sectional study that established comorbidities such as diabetes, 

HRQoL, and home oxygen therapy as determinants of low PA [28], and also with 

another study in which patients who had been hospitalized during the previous year 

for an exacerbation of COPD reported lower levels of PA than those who had not 

been hospitalized for a COPD exacerbation [29]. 

 

In a population-based cohort study, Garcia-Aymerich et al. showed that patients with 

even relatively low levels of PA (walking or pedaling for two hours per week) had a 

28% lower risk of hospitalization due to COPD than those with little or no physical 

activity [13]. All-cause and respiratory mortality were also lower. The investigators did 

not, however, observe a dose-related response between level of PA and either 

hospitalizations or respiratory mortality. 
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Although preventing respiratory-related mortality is of utmost importance, improving 

quality of life should not be overlooked. In our study, patients with COPD who 

maintained low levels of PA or who decreased their PA over the study period 

experienced declines in HRQoL, whereas those who increased their PA or 

maintained moderate or high levels of PA demonstrated improvements in HRQoL in 

the specific HRQoL questionnaires and these changes were both statistically and 

clinically significant (increase of more than 4 units in the SGRQ). 

 

To the best of our knowledge, this is the first study to evaluate the impact of changes 

in leisure-time PA on HRQoL among patients with COPD who are not taking part in a 

respiratory rehabilitation program. Respiratory rehabilitation programs have proved 

beneficial in improving health and HRQoL among patients with COPD [30]. However, 

these programs offer multiple features in addition to physical training that likely 

contribute to the benefits. To date, it has not been established which aspects of 

respiratory rehabilitation programs have the greatest impact on health, mortality, and 

HRQoL. 

 

It is likely that PA improves HRQoL among patients with COPD for the same 

multifactorial reasons that it benefits the general population. PA improves cardiac 

function and increases maximum oxygen uptake. It has positive effects on blood 

pressure, lipid profiles, and clotting mechanisms. It is also associated with healthier 

lifestyles. Among patients with COPD, regular PA improves peripheral muscle 

function [31]. It also reduces hospital admissions [13], which have been shown to 

impair HRQoL [32]. 
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Among patients with COPD, HRQoL appears to evolve differently when evaluated 

with a generic questionnaire (SF-36) than when it is evaluated using a disease-

specific questionnaire. At the beginning of our study, patients reporting low levels of 

PA had the lowest HRQoL as measured by PCSS scores. Other investigators have 

observed similar associations among patients with COPD [28]. It has also been 

observed in healthy adults aged 60-89 years [33], where individuals who engaged in 

PA of moderate intensity for more than one hour per week had better HRQoL in 5 

areas of the SF-36, including the 4 physical areas. In our study, the evolution of 

PCSS scores over 5 years of follow-up showed declines in HRQoL at all levels of PA 

compared to both baseline and to the general population. However, the decline in 

HRQoL was greater for patients who maintained low levels of PA or who decreased 

the amount of time engaged in PA. 

 

Among patients with COPD, we are unaware of any study examining the impact of 

changes in PA on HRQoL measured with a generic questionnaire. In a study 

conducted among 3,891 healthy individuals followed for 3 years, higher PA during 

leisure time was associated with an improvement of HRQoL, especially in the mental 

components of SF-36, although the strength of the association was limited and the 

magnitude of the change would be likely to have no clinical significance [34]. In our 

study, patients with higher levels of PA had MCSS scores similar to those in the 

general population. Among patients with low and moderate PA who decreased the 

amount time engaged in PA over the 5-year study period, MCSS scores declined 

from baseline, with an even more striking difference than compared with the general 

population. In our study, the loss of HRQoL embodied in the PCSS likely reflects the 

natural decline in HRQoL with the passing of time. This tends to be especially 

pronounced among populations with a chronic disease such as COPD which has 
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substantial respiratory and systemic consequences. This corresponds to the overall 

trend toward declining HRQoL over time measured with a generic instrument such as 

the SF-36. Such changes are more pronounced in older age groups, and in the 

physical domains [35]. 

 

The strengths of our study include the large size of the cohort (611 patients), the fact 

that patients were recruited from general outpatient clinics, the long follow-up (5 

years), and the use of 3 different questionnaires�2 of which are designed 

specifically for patients with COPD. Another strength of our study is that the patients 

did not receive any special study-related treatments or interventions such as a 

rehabilitation program during the follow-up period. Instead, they continued to follow 

the controls and treatments prescribed by their health-care providers, none of whom 

received any direction regarding treatment from the study authors. In addition to 

comparing levels of PA with HRQoL, we tracked changes in HRQoL over time and 

compared these to changes in a general population. We conducted statistical 

adjustments in an effort to prevent confounding factor from biasing the results. 

 

Limitations of the study must also be noted. Since confounding and reverse 

causation are possible in this study, no causality or directionality of the findings can 

be inferred.  We used a questionnaire to establish the level of PA rather than a direct 

measure such as an accelerometer or pedometer. At the time this study was 

performed, the use of more objective measures of assessment of PA such as triaxial  

accelerometers was not common, but they will become the new standard for PA 

measurements even in studies with larger samples [36]. Valid, questionnaires that 

measure PA may be useful as a group estimate, but their lack of accuracy and large 

individual variability indicate that relying on them on an individual basis is not 
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recommended [37]. Self-reports by study subjects may overestimate or 

underestimate PA. However, the scale we used, apart from having been validated 

and used in other studies of patients with COPD [13, 25], established differences 

between the 3 levels of PA in the �Physical Functioning� domain of the SF-36, which 

would support the discriminatory capacity of this instrument.  

We also focused on walking as a measure of physical activity, and did not include 

other activities such as time spent doing domestic chores. While it is possible that 

other types of PA may influence HRQoL, in our environment walking is the most 

common form of leisure time PA. Another limitation of our study is the small sample 

size in some of the categories of PA change during the follow-up period. Although we 

were able to detect statistical and clinically significant changes in some of these 

categories, due to the small sample size those results should be interpreted 

cautiously. As expected, patients who died during the follow-up period had poorer 

physical activity and HRQoL at baseline than those who survived. This biases the 

results, which are based on survival, since we were not able to examine the changes 

in physical activity and HRQoL among those who died. Some  non-studied factors 

may also play a role in the interaction between  physical activity and quality of life in 

COPD. 

The patient population was almost entirely comprised of men (97%). Similar gender 

distributions have been observed in other studies performed in Spain [38]. However 

this gender distribution could be different as have been shown in a recent 

epidemiological study [39].  Generalizing our results to the female population could 

not be appropriate.  

 

In conclusion, we found that patients with COPD who maintained a low level of PA or 

who engaged in less PA over time were more likely to experience a significant 
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impairment in HRQoL. Patients who increased their levels of PA or maintained them 

at a higher level, in a low intensity activity such as walking for at least 2 hours per 

week, improved or maintained their HRQoL levels regardless of the baseline level of 

PA. This suggests that patients with COPD could significantly improve their HRQoL 

with only a minor increment in their leisure-time PA and without any special 

supervision. In addition to including patients with COPD in respiratory rehabilitation 

programs, interventions that increase PA, such as daily walking, could yield important 

improvements in HRQoL among patients with COPD. Future studies should 

incorporate more objective measures of PA, such as data from multiaxial 

accelerometers and evaluation of exercise capacity, include larger sample sizes of 

different PA categories, and provide longer follow-up. 
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Figure 1. Evolution of SF-36 summary scales in relation with changes in Physical Activity. 
Compared to normalized SF-36 values from the general population of similar age and gender. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evolution of SF-36 summary scales scores from the beginning to 5 years for each category of 
physical activity.  
50 points is the reference value of general population of similar age and gender as the 
patients� sample included. 
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Referred changes in physical activity from basal time to 5 years afterwards: L/L: from Low to 
Low physical activity; L/M-H: from Low to Moderate or High physical activity     ; M/L: 
from Moderate to Low physical activity; M/M: from Moderate to Moderate physical activity; 
M/H: from Moderate to High physical activity; H/L-M: from High to Low or Moderate 
physical activity; H/H: from High to High physical activity.   
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Evolution of SF-36 physical component summary scale in relation with changes in 
Physical Activity 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evolution of SF-36 mental component summary scale (MCSS) in relation with changes in 
Physical Activity. 
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Table 1. Baseline characteristics of study participants by survival status over a 
5-year follow-up period. 
 
 Survivors 

445 (72.8%) 
Non-survivors 
166 (27.2%) 

P value 

Age (years) 65.5 (8.6) 70.1 (7.0) <.0001 

FEV1 (L) 1.45 (0.46) 1.13 (0.38) <.0001 

FEV1% 52 (14) 43.6 (14) <.0001 

FEV1/VC (%) 51.1 (10.2) 47.3 (10.1) <.0001 

BMI (kg/m2) 27.9 (4.3) 27.5 (4.3) 0.28 

Pack/years 44.9 (27.9) 55.6 (29.4) <.0001 

Current smokers 101 (22.7%) 29 (17.5%) 0.26 

Dyspnea   <.0001 

I 43 (9.7%) 1 (0.6%)  

II 243 (54.6%) 63 (37.9%)  

III 147 (33.0%) 86 (51.8%)  

IV-V 12 (2.7%) 16 (9.6%)  

COPD severity, n (%)   <.0001 

GOLD staging II 249 (56%) 55 (33.1%)  

GOLD staging III 182 (40.9%) 85 (51.2%)  

GOLD staging IV-V 14 (3.15%) 26 (15.7%)  

Level of Physical Activity   <.0001 

Low 50 (11.2%) 45 (27.1%)  

Moderate 231 (51.9%) 98 (59.0%)  

High 164 (36.8%) 23 (13.9%)  

St. George Respiratory Questionnaire (SGRQ) 

Activity 50.4 (21.1) 62.0 (18.6) <.0001 

Impact 30.4 (19.5) 38.9 (17.5) <.0001 

Symptoms 40.5 (20.9) 47.0 (20.7) 0.0005 

Total SGRQ 38.2 (18.2) 47.3 (16.1) <.0001 

Hospitalizations in the 2 years prior to baseline, n (%)     <.0001 

0 309 (69.4%) 78 (47%)  
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1-2 115 (25.8%) 62 (37.3%)  

>3 21 (4.7%) 26 (15.6%)  

Comorbidities, n (SD) 1.6 (1.25) 1.5 (1.20) 0.37 
 
Data are presented as mean (SD) or number (%). 
BMI: body mass index; COPD: chronic obstructive pulmonary disease; FEV1: forced 
expiratory volume in 1 second; FEV1%: FEV1 as a percentage of the predicted value; 
GOLD: Stages of the disease by Global Initiative for Chronic Obstructive Lung 
Disease; SGRQ: Saint George's Respiratory Questionnaire; VC: vital capacity. 



 31

Table 2: Baseline characteristics of the 391 survivors who completed the three 

HRQoL instruments after 5 years of follow-up. 

Level of Physical Activity Low a 

(41) 

Moderate b 

(207) 

High c 

(143) 

p-value 

Age 65.8 ± 8.6 c 67.3 ± 7.1 c 61.9  ± 9.7 ab <.0001 

FEV1 (L) 1.36 ± 0.50 1.43 ±  0.44c 1.56 ± 0.48  b 0.01 

FEV1% 51.4 ± 16.3 bc 51.9 ± 13.6 ac 53.3 ± 13.7 ab <.0001 

BMI 28.2 ±  6.7 27.9 ± 3.9 28.0 ±  4.1 0.94 

Pack-year smoking habit 46.4 ± 28.2 43.7 ± 30.2 44.0 ± 25.1 0.85 

Comorbidities 2.2 ± 1.4 bc 1.7 ± 1.2 a 1.5 ± 1.2 a 0.003 

Dyspnea    <.0001 

I 0 7        (3.4) 32    (22.4)  

II 11 (26.8) 117   (56.5) 85   (59.4)  

III 26 (63.4) 80   (38.6) 25   (17.5)  

IV-V 4 (9.8) 3     (1.5) 1    (0.7)  

GOLD staging    0.90 

I 21 (51.2) 117 (56.5) 85  (59.4)  

II 19 (46.3) 84 (40.6) 54 (37.8)  

III-IV 1 (2.4) 6 (2.9) 4 (2.8)  

Smoking status    0.30 

Current smoker 7 (17.7) 39 (18.8) 39 (27.3)  

Ex-smoker 31 (75.6) 158 (76.3) 99 (69.2)  

Never smoker 3  (7.3) 10 (4.8) 5  (3.5)  

Hospitalizations for COPD 

exacerbation in the 2 years 

prior to enrollment 

   0.001 

0 22  (53.6) 136  (65.7) 117 (81.8)  

1 11 (26.8) 46   (22.2) 19 (13.3)  

≥ 2 8 (19.5) 25 (12.1) 7 (4.9)  

Chi-square tests for the comparison of proportions among the three physical activity 
categories. BMI: body mass index; COPD: chronic obstructive pulmonary disease; 
FEV1: forced expiratory volume in 1 second; FEV1%: FEV1 as a percentage of the 
predicted value; GOLD: Stages of the disease by Global Initiative for Chronic 
Obstructive Lung Disease 
Superscript letters indicated differences among the three physical activity categories 
by Scheffé test for multiple comparisons for continuous variables at p<0.05. 
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Table 3. Baseline HRQoL across PA categories as measured by two disease-specific 

and one generic instrument. 

Physical Activity Low a 

(n=41) 

Moderate b 

(n=207) 

High c 

(n=143) 

p-value 

St. George Respiratory 
Questionnaire (SGRQ) 

    

Activity 64.1 ± 18.9 bc 52.2 ± 20.7 ac 43.5 ± 20.5 ab <.0001 

Impact 40.3  ± 21.1 bc 31.2 ± 19.0 ac 25.9 ± 17.6 ab <.0001 

Symptoms 45.5 ± 25.7 c 42.4 ± 20.0 c 35.8 ± 20.4 ab 0.004 

Total SGRQ 48.4 ± 19.3 bc 39.4 ± 17.7 ac 32.9 ± 16.8 ab <.0001 

Chronic Respiratory 
Questionnaire (CRQ) 

    

Mastery 18.8 ± 6.8 c 20.2 ± 5.6 c 21.9 ± 5.6 ab 0.002 

Dyspnea 22.1 ± 9.0 c 25.2 ± 8.2 26.4 ± 7.9 a 0.01 

Fatigue 15.9 ± 5.8 bc 18.7 ± 5.5 a 19.5 ± 5.4 a 0.001 

Emotional function 33.6 ± 10.8 35.5 ± 9.9 36.9 ± 8.7 0.1 

Total CRQ 90.3 ± 27.8 c 99.5 ± 25.0 104.8 ± 23.3 a 0.003 

Medical Outcomes Study 
Short Form (SF-36) 

    

Physical component 

summary score (PCSS) 

40.6 ± 8.1 bc 45.7 ± 7.4 a 47.3 ± 7.8 a <.0001 

Mental component 

summary score (MCSS) 

46.5 ± 15.1 c 49.6 ± 11.0 51.4 ± 9.3 a 0.03 

Physical Functioning 44.7 ± 23.4 bc 64.0 ± 20.2 ac 72.7 ± 18.9 ab <.0001 

Role Physical 62.2 ± 41.9 bc 80.5 ± 33.8 a 81.8 ± 33.1 a 0.004 

Bodily Pain 62.1 ± 31.7 71.8 ± 27.4 73.4 ± 25.4 0.06 

General Health 42.0 ± 24.9 c 47.0 ± 21.4 51.6 ± 22.0 a 0.02 

Vitality 51.6 ± 24.9 bc 62.0 ± 22.4 a 67.8 ± 23.7 a 0.0003 

Social Functioning 76.8 ± 26.4 c 83.4 ± 21.4 87.3 ± 20.3 a 0.01 

Role Emotional 65.0 ± 44.7 bc 83.1 ± 34.9 a 87.6 ± 30.0 a 0.001 

Mental Health 70.7 ± 26.6 c 75.9 ± 21.9 80.1 ± 18.7 a 0.02 

 
Data are presented as mean (SD) 
Superscript letters indicated differences among the three physical activity categories 
by Scheffé test for multiple comparisons for continuous variables at p<0.05. 
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Table 5. Multivariate analysis of physical activity changes and HRQoL changes from 

basal time to 5 year follow-up adjusted by relevant variables. 

Level of PA Model 1: Total 

SGRQ score 

 Model 2: Total 

CRQ score 

 

Baseline/5 years β estimate p value β estimate p value 

Low/Low Reference  Reference  

Low/Moderate-High 15.9 0.0005 8.7 0.05 

Moderate/Low -0.7 0.87 2.6 0.56 

Moderate/Moderate 10.2 0.007 10.3 0.005 

Moderate/High 18.4 <.0001 14.8 0.0004 

High/Moderate-Low 8 0.05 10.7 0.005 

High/High 16.9 <.0001 13.6 0.0003 

 

Positive values indicate an improvement in HRQoL, negative values a decline in 
HRQoL. SGRQ score improvements has been changed to positive values and 
impairment has been changed to negative values. 
 
Multivariate models where the dependent variables were the change in the total 
SGRQ score (Model 1) and the total CRQ score (Model 2) from baseline to 5 years. 
The main independent variable in Model 1 was the change in physical activity over 
the 5-year period, adjusted by age, dyspnea, FEV1%, hospital admissions for COPD 
exacerbations in the 2 years prior to enrollment, comorbidities, and mental health 
status (measured by the SF-36 MCS1) all at baseline, as well as by baseline HRQoL 
measured by the total SGRQ score. The main independent variable in Model 2 was 
the change in physical activity over the 5-year study period adjusted by hospital 
admissions for COPD exacerbations in the 2 years prior to enrollment and baseline 
mental health status (measured by the SF-36 MCS1) as well as by the baseline 
HRQoL levels at the beginning of the study measured by the total CRQ score. 
Reference group for comparison in both models: those who had low level of physical 
activity at the beginning and also at 5 years of follow-up. 
 


