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ABSTRACT 

Endurance and strength training may both lead to improvements in physical 

function and health-related quality of life (HRQL) in chronic obstructive pulmonary 

disease (COPD) patients. The few studies that have compared endurance training (ET) to 

strength training (ST) have produced conflicting results. PURPOSE: To compare changes 

in physical function, HRQL, and lean mass in COPD patients completing both an ET and 

ST program. METHODS: Eleven mildly diseased patients completed an ET program, and 

subsequently, a ST program. RESULTS: Pulmonary function remained stable over the 

five year period. ET and ST increased six-minute walk distance. ET, but not ST, 

increased self-reported physical function, chair rise time, SF-36 physical component 

score, and Chronic Respiratory Disease Questionnaire (CRDQ) fatigue score. ST, but not 

ET, increased stair climb time. ET and ST failed to change SF-36 mental component 

score; CRDQ dyspnea, emotion, or mastery scores; and arm or leg lean mass. 

CONCLUSION: Both training methods will improve objective measures of physical 

function. However, an ET program results in significant improvements in self-reported 

physical function and HRQL, whereas ST does not. 
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INTRODUCTION 

Chronic Obstructive Pulmonary Disease (COPD), describes progressive long term 

lung diseases, including emphysema and chronic bronchitis, in which an airflow 

obstruction makes it difficult to move air into and out of the lungs.1 COPD is a leading 

cause of both morbidity and mortality worldwide.  

Due to the negative and debilitating pathophysiologic consequences associated 

with the disease, COPD patients often experience shortness of breath or dyspnea with 

exertion. Because of their increased difficulty breathing, those with COPD typically 

engage in less physical activity than healthy age-matched individuals and consequently 

experience cardiovascular deconditioning and muscular impairments.2 This in turn leads 

to increased dyspnea with even lower levels of exertion and further physical inactivity. 

Unless this downward spiral of dyspnea and physical inactivity can be interrupted, COPD 

patients will experience further exercise intolerance, greater declines in fitness, and an 

eventual loss of physical function.  

Traditionally, pulmonary rehabilitation exercise programs have utilized endurance 

training to interrupt the dyspnea spiral in those with COPD. It is well established that 

endurance training improves physical function, health-related quality of life (HRQL), the 

perception of dyspnea, and exercise endurance in COPD patients.3 However, other forms 

of training may also improve these outcomes in COPD patients. In addition to lung 

impairments, those with COPD also experience skeletal muscle dysfunction. COPD 

patients typically have a reduced muscle mass as a result of having a reduction in the 

number of type I fibers and atrophy of both type I and II fibers and a concomitant loss of 
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muscle strength.4,5 As such, strength training has been increasingly advocated for the 

rehabilitation of COPD patients.6,7  

Studies examining the efficacy of strength training have produced varied results. 

While strength training has been shown to increase strength in COPD patients, it is 

unclear as to whether strength training provides additional benefits beyond those of a 

traditional pulmonary rehabilitation exercise program. Part of the confusion may be due 

to the differences that exist among the designs of current research studies. For example, 

the type of intervention groups and comparisons between the groups differ among various 

studies. There are several possibilities of intervention groups including strength training, 

endurance training, combined endurance and strength training, non-exercise control, 

upper extremity training, and lower extremity training. Additionally, the subjects 

themselves differ among studies in regards to their disease severity. For example, some 

studies only consist of mild to moderate disease severity patients, whereas other studies 

include all classes of COPD disease severity patients. Furthermore, differences may exist 

among individual patient responses to the training program which can lead to 

inconsistencies in the results. Lastly, the design and the quality of the study, i.e. a proper 

randomized controlled trial, can affect the accuracy of the conclusions when comparing 

different types of exercise interventions.   

This study sought to control for two variables that could potentially affect the 

results of exercise training studies - differences in levels of disease severity between 

intervention groups and individual patient responses to different modes of training. This 

was accomplished by having patients with a stable disease complete a traditional exercise 

training intervention that emphasized lower extremity endurance training, and 
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approximately five years later, complete a strength training program. More specifically, 

the purpose of this study was to compare changes in physical function, HRQL, and lean 

mass in COPD patients who completed both an endurance training program, and 

subsequently, a strength training program.   
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REVIEW OF LITERATURE 

Chronic Obstructive Pulmonary Disease  

According to the American Thoracic Society and the European Respiratory 

Society, COPD is defined as “a preventable and treatable disease state characterized by 

airflow limitation that is not fully reversible.”8 This is due to either damage to the lungs 

themselves, specifically the alveoli (defined as emphysema), or narrowing of the airways, 

or bronchioles, of the lungs (defined as bronchitis).2 Although emphysema and bronchitis 

are two distinct diseases, COPD patients often present with varying degrees of both. 

Cigarette or tobacco smoking is the primary cause of COPD in developed 

countries; eighty percent of individuals with COPD are current or former smokers. In the 

developing world, COPD often occurs among people exposed to fumes from either 

burning fuel for cooking or for heating in poorly ventilated homes. Other causes of 

COPD include cigar or pipe smoke; secondhand smoke; air pollution; and workplace 

exposure to dust, smoke, fumes, or flour (bakers). In about one percent of people with 

COPD, the disease results from a genetic disorder that causes low levels of the protein 

alpha-1 antitrypsin (A1At).9,10 Alpha-1 antitrypsin is produced in the liver and secreted 

into the bloodstream to help protect the lungs. One of the primary functions of A1At is to 

inhibit neutrophil elastase. When there is a deficiency of A1At, the body’s A1At is 

unable to inhibit all of the neutrophil elastase, and therefore the neutrophil elastase is able 

to break down elastin, the protein that contributes to the elasticity of the lungs. This 

disease results in an increased ratio of degradation to resynthesis of lung tissue. Thus, a 

deficiency of A1At results in diseases of the respiratory system.10,11  
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Symptoms of COPD include a chronic cough with mucus, dyspnea, and 

wheezing.2 Diagnosis of COPD is made through pulmonary function testing using 

spirometry and should be performed in those exhibiting symptoms of COPD or those 

who have undergone chronic exposure to the risk factors associated with COPD. The 

presence of an airflow limitation that is not fully reversible is defined by a post-

bronchodilator ratio of forced expiratory volume in one second (FEV1) over a forced vital 

capacity (FVC) of less than 0.70 percent.8 

Once the establishment of an FEV1/FVC < 0.70 percent is made, disease severity 

of COPD can be further classified into one of four stages according to the Global 

Initiative for Chronic Obstructive Lung Disease (GOLD) based on FEV1 percent of 

predicted.12,13 Mild (stage I) COPD consists of FEV1 > 80% of predicted, moderate (stage 

II) COPD ranges from FEV1 > 50% and < 80% of predicted, severe (stage III) COPD 

ranges from FEV1 > 30% and < 50% of predicted, and very severe (stage IV) COPD 

includes either FEV1 < 30% of predicted or FEV1 < 50% of predicted with respiratory 

failure.8,13  

Symptoms of COPD can arise many years before the development of a significant 

airflow limitation. Conversely, an airflow limitation may develop before the occurrence 

of any symptoms.12 Additionally, some current or former smokers have pulmonary 

function values that are considered to be normal, yet they still suffer from respiratory 

symptoms and exacerbations and may be using respiratory medications.14  

In the United States, for those 25 to 75 years old, the estimated prevalence of mild 

COPD is 6.9 percent and of moderate COPD is 6.6 percent, according to the third 

National Health and Nutrition Examination Survey.15 In addition, 15 million Americans 



 

6 
 

report that they have a clinical diagnosis of COPD.16 However, many adults with poor 

pulmonary function are unaware that they actually have COPD and have not been 

diagnosed by a doctor; therefore, the prevalence of COPD may be higher.17 Given the 

number of individuals with unrecognized poor pulmonary function and the number of 

former smokers presenting with symptoms of COPD, the burden of this disease may be 

greater than presently predicted. 

Consequences of Physical Inactivity 

It has been shown that COPD patients typically have low levels of physical 

activity, and their frequency and intensity of physical activity continue to decrease with 

increased severity of disease. Troosters et al evaluated physical activity levels in 70 

COPD patients whose severity of disease ranged across all stages. Results showed that 

with increasing GOLD stage of COPD disease severity, the number of steps walked and 

time spent at moderate physical activity decreased. Also, when compared to age-matched 

healthy controls, these outcomes were significantly reduced in all but mildly diseased 

COPD patients. This study concluded that those with COPD become inactive early in the 

disease process, specifically GOLD stage II, and physical activity continues to 

progressively decline throughout the disease stages.18 

COPD patients have been shown to be less active than not only healthy people, 

but also when compared to other disease populations. A study by Arne et al examining 

chronic disease patients found that not only was health-related quality of life (HRQL) 

reduced and anxiety/depression more common in COPD patients compared to rheumatoid 

arthritis and diabetes mellitus patients, but physical activity levels were lower.19  
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The reduced frequency and intensity of physical activity seen in COPD patients is 

likely due to exacerbations of the disease as well as increased dyspnea with exertion 

associated with the disease. This in turn results in COPD patients engaging in even less 

exercise as they find it is too difficult to breathe. Thus, they become further intolerant to 

exercise and short of breath with even lower levels of physical exertion. 

In both healthy subjects and diseased populations, low levels of physical activity 

contribute to poorer mental and physical health. Various research studies have shown that 

in COPD patients, physical inactivity is associated with reduced lung function 

(specifically FEV1), increased dyspnea, increased exacerbations/hospitalizations, lower 

exercise capacity, reduced muscle function, and lower HRQL.20 Furthermore, as physical 

activity can diminish metabolic and cardiovascular risk factors, COPD patients who are 

inactive are at greater risk of developing various comorbidities such as diabetes and 

hypertension.20  

It is essential for this downward spiral of dyspnea and physical inactivity to be 

interrupted. Otherwise, COPD patients will experience greater declines in fitness, 

exercise tolerance, and HRQL; and an eventual loss of physical function.    

Over the past few decades, new quantitative methods and measures of assessing 

levels of wellness, or quality of life measures, have been developed. These measures are 

primarily used to evaluate health status in patients with medical disorders that impair 

everyday function or cause symptoms, and thus are typically referred to as HRQL 

measures. HRQL measures are useful in determining the impact of a condition, 

comparing the consequences of one disease to another, evaluating change over the course 

of a disease, and determining the cost effectiveness of an intervention. 21  
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Skeletal Muscle Dysfunction 

In addition to abnormal lung function, skeletal muscle dysfunction also 

contributes to the exercise intolerance and low levels of physical activity that is prevalent 

among COPD patients. Skeletal muscle dysfunction occurring in COPD patients is 

characterized by reduced endurance and muscle weakness.22 Saey et al evaluated 

contractile leg fatigue after constant work-rate cycling up to exhaustion in 18 COPD 

patients. Each patient completed two cycle tests, one after nebulization of a placebo, and 

the other after ipratropium bromide, a bronchodilator. Nine of the patients did not fatigue 

after placebo cycling, and improved their endurance time post ipratropium. Interestingly, 

the other nine patients experienced contractile fatigue after placebo cycling (or reduction 

in quadriceps twitch force of more than fifteen percent of resting value), and did not 

improve endurance time post ipratropium, even with an 11 percent increase in FEV1. This 

study shows that contractile fatigue of the quadriceps occurs after cycling in patients with 

COPD, despite improvements in FEV1, and also potentially explains why bronchodilation 

does not always improve exercise tolerance in COPD patients. These results suggest that 

skeletal muscle, and not the pulmonary system, may be a limiting factor in exercise for 

these patients.23 

In a systematic review of 21 studies including 728 COPD patients and 440 

healthy controls, Evans et al reported that in COPD patients, quadriceps endurance was 

reduced compared with controls. This study also showed that quadriceps endurance in 

COPD patients was reduced when compared to healthy controls independent of high or 

low intensity tasks or non-volitional and volitional techniques. This demonstrates that 
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when compared to controls, quadriceps endurance is reduced in COPD patients, 

regardless of the type of task completed.24 

There are numerous pathophysiological changes that may alter the skeletal muscle 

in COPD patients. Furthermore, there are certain structural alterations that take place in 

the skeletal muscle of COPD patients. Firstly, multiple studies have shown alterations in 

body composition including decreases in fat-free mass in COPD patients.4, 25, 26, 27 

Bernard et al found that the strength of three muscle groups (quadriceps, pectoralis major 

muscles, and latissimus dorsi) and the right thigh muscle cross sectional area, as 

evaluated by computed tomography, were reduced in COPD patients compared to normal 

subjects of similar age. Furthermore, muscle strength and cross sectional area were 

positively correlated with FEV1 percent of predicted.4 

These reductions in muscle mass are due to alterations in muscle fiber types and 

size, including atrophy of both type I and II fibers. Also, unlike healthy older adults who 

have a reduction in type II fibers, COPD patients have a reduction in the number of type I 

fibers.5, 28 This muscle atrophy and reduction in type I fibers contributes to an overall 

reduced peripheral muscle strength.  

Additionally, it has been documented that altered capillarity is a structural 

variation of skeletal muscle in COPD patients. Jobin et al found that COPD patients have 

a much lower capillary density and capillaries/fiber ratio in limb muscles as compared to 

age-matched healthy subjects.5 Therefore, COPD patients experience a reduced capacity 

for gas exchange at the cellular level which also contributes to the reduction in skeletal 

muscle endurance.   
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While physical inactivity plays a role in the progression of limb muscle 

dysfunction in COPD patients, it is unclear exactly what pathophysiologic factors 

negatively affect the skeletal muscle in those with COPD. Inflammation, oxidative stress, 

chronic hypoxia, hypercapnia, and chronic malnutrition are possible mechanisms 

responsible for the skeletal muscle abnormalities.22,29 It is unknown the degree to which 

skeletal muscle dysfunction seen in COPD patients results from years of chronic physical 

inactivity or from myopathy and cellular alterations.30 Inflammation, both local and 

systemic, is prevalent in COPD patients and may lead to the development of muscle 

atrophy.31,32 Hypoxia has been shown to increase inflammation, predispose muscles to 

fatigue, and decrease muscle mass.26 Unbalanced oxidative stress, also characteristic of 

COPD, is affected by inflammation. Chronic hypercapnia, or increased cellular carbon 

dioxide content, is prevalent in COPD patients suffering from acute or chronic respiratory 

insufficiency.22 Lastly, it is well documented that prolonged malnutrition is associated 

with muscle weakness and peripheral skeletal muscle dysfunction.29 Furthermore, COPD 

patients frequently have comorbid conditions such as electrolyte imbalances, diabetes, 

cardiac failure, and hypertension.29 It is unknown whether these conditions affect skeletal 

muscle differently in COPD patients than in other patients. 

Traditional Exercise Training Program 

Pulmonary rehabilitation programs, of which endurance exercise training is a 

primary component, aim to minimize symptoms, increase physical activity, and improve 

physical function. These goals can be measured by using functional outcomes such as 

six-minute walk distance (6MWD) or exercise capacity. In addition, patient reported 

outcomes such as HRQL are increasingly recognized as important outcomes.33,34 The 
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most common form of exercise training used for COPD patients in a pulmonary 

rehabilitation program is endurance training of the lower extremities consisting of 

walking on a track or treadmill, or use of a stationary leg cycle ergometer.35 Some 

programs also include upper extremity training with the intent of improving endurance of 

the upper body muscles, as it has been shown that certain muscles used for respiration are 

also used in various activities of daily living. Training modalities for the upper 

extremities may include the use of elastic resistance bands, light free weights, or an arm 

ergometer.36 

Historically, even as recent as the 1950s, COPD patients were advised to not 

exercise so as to avoid dyspnea. It was not until the 1960s that research began 

investigating the effects of exercise on COPD patients. The work of Alvan Barch, 

followed later by William Miller and Thomas Petty, portrayed the benefits of exercise for 

COPD patients.37 Early studies investigating the use of exercise with COPD patients were 

poorly designed, in that very few included a control group, and there were none that 

followed the fundamentals of a well-designed randomized controlled trial. Also, primary 

outcomes of initial studies with COPD patients typically consisted of only measures of 

physical function or physiological outcomes. In the 1990s, pulmonary rehabilitation 

programs with an emphasis on endurance exercise began to examine patient reported 

outcomes, such as HRQL, in addition to measures of exercise capacity and physical 

function.38 

A study by Ries et al was one of the first well-designed randomized controlled 

trials examining both physiological, functional, and patient reported outcomes as a result 

of a pulmonary rehabilitation program. One hundred and nineteen moderate to severe 
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COPD patients were randomly assigned to either a pulmonary rehabilitation program 

emphasizing endurance exercise or to a no exercise education program. The pulmonary 

rehabilitation group, as compared to the education group, had significantly greater 

improvements in maximal oxygen uptake, exercise endurance, symptoms of 

breathlessness, and self-efficacy for walking. However, measures of lung function, 

depression, and general HRQL did not vary between the two groups.39 

Bendstrup et al conducted one of the earliest randomized controlled trials 

examining a pulmonary rehabilitation program utilizing exercise as a primary component 

on both patient reported and functional outcomes in COPD patients. This study evaluated 

the effects of a program consisting of mainly endurance exercise training in moderate to 

severe COPD patients on numerous outcomes including 6MWD and HRQL, as measured 

by the York Quality of Life Questionnaire (YQLQ) and the Chronic Respiratory Disease 

Questionnaire (CRDQ). Thirty-two COPD patients were randomized to either the 

intervention group or the control group. All participants were evaluated at the beginning 

of the intervention (baseline), halfway through the intervention (six weeks), at the end of 

the exercise phase of the study (12 weeks), and at follow-up (24 weeks). The CRDQ 

scores in the treatment group showed a trend towards improvement over the course of the 

study and were significantly different from the control group at 12 weeks and 24 weeks 

follow-up. From baseline to 24 weeks follow-up, YQLQ scores improved only in the 

intervention group. Six-minute walk distance improved at all evaluations in both the 

treatment group and the control group, but the improvements in the treatment group were 

significantly greater than in the control group. The results from this study show extended 
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improvements from pulmonary rehabilitation are possible for both HRQL and physical 

function in COPD patients.40  

A study by Berry et al examined whether disease stage of COPD has an effect on 

improvements in physical function and HRQL, as a result of a predominantly endurance 

training program. Six-minute walk distance increased significantly in COPD stage I, II, 

and III disease severity patients. None of the measures of general HRQL improved in any 

of the groups; however participants in all disease stages improved in the disease specific 

CRDQ domains of dyspnea and fatigue. This study concluded that all disease severity 

COPD patients benefit from endurance training.41 

Mador et al examined the effects of a primarily endurance training program in 20 

COPD patients compared with eight healthy controls of similar ages. The exercise 

sessions were three times a week for eight weeks and consisted of endurance training on 

a cycle ergometer and treadmill. Although improvements in 6MWD and maximal 

exercise capacity were seen in both groups, there were greater absolute improvements in 

the control group. However, when expressed as a percent of baseline levels, there were 

no significant differences between groups.42 

In a study of 130 COPD patients, Wootton et al found that a two to three times per 

week walking training program improved HRQL and endurance exercise capacity. 

Compared to a control group receiving usual medical care, the COPD group had greater 

improvements in the St George's Respiratory Questionnaire total score, CRDQ total 

score, and endurance shuttle walk test time.43 

In summary, these well designed randomized clinical trials demonstrate that 

participation in a pulmonary rehabilitation program consisting primarily of endurance 
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training is beneficial for COPD patients. As a result of participating in such an exercise 

intervention, COPD patients can improve physical function, as measured by outcomes 

such as 6MWD, and HRQL. 

Strength Training  

As it is now well accepted that COPD patients experience reductions in muscle 

mass and skeletal muscle strength, strength training has become increasingly advocated 

for COPD patients.22,29 Although the majority of studies with COPD patients examining 

endurance training have shown no improvements in pulmonary function and mixed 

results with regards to cardiovascular functioning, they have shown improvements in 

physical functioning. These results suggest that it is the improvements in skeletal muscle 

that leads to the improvements in physical function. As such, it is possible that these 

improvements could be further enhanced by a strength training program.  

Studies examining the efficacy of strength training have utilized a variety of 

research designs and produced varied results. A number of studies have examined the 

effects of adding strength training to an endurance training program, or a combined 

training program, as compared to an endurance training program alone. Fewer studies 

have compared a combined endurance and strength training program to a strength only 

training program. An even smaller number of studies have compared an endurance only 

training program versus a strength only training program. 

Combined Training versus Endurance Training 

A study by Bernard et al consisting of 36 moderate to severe COPD patients 

examined whether or not strength training provides additional benefits to endurance 

training alone. The 12 week intervention consisted of an endurance only training group 
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and a combined endurance and strength training group. Endurance training involved 30 

min on a stationary bike. Strength training consisted of three sets of eight to ten 

repetitions of two upper body and two lower body strength training exercises. Three days 

per week, the endurance only training group completed 30 minutes of cycling followed 

by 45 minutes of relaxation and breathing exercises. The combined training group 

exercised three days per week and did 30 minutes of endurance training followed by 45 

minutes of strength training. Results from this study showed that quadriceps femoris 

strength increased significantly in both groups, but the improvement was larger in the 

combined training group. Only in the combined training group did the thigh muscle 

cross-sectional area and strength of the pectoralis major muscle improve significantly. 

Changes in latissimus dorsi muscle strength, peak exercise work rate, 6MWD, and HRQL 

(as measured by CRDQ) were similar between the two groups. Thus, this study 

demonstrated that the addition of strength training to endurance training leads to greater 

improvements in muscle strength and mass, but not exercise capacity or HRQL.44    

A 12 week study by Ortega et al compared three different training modalities, a 

strength only training group, endurance only training group, and a combined strength and 

endurance training group. Strength training included four sets of six to eight repetitions of 

five exercises (three upper body and two lower body) at 70 to 85 percent of one repetition 

maximum (1RM). Adjustments to the intensity were made every two weeks. Endurance 

training was comprised of cycling for 40 minutes on a cycle ergometer at 70 percent of 

peak work rate. Combined training consisted of the same strength training exercises, but 

only two sets of six to eight repetitions, and only 20 minutes of cycling. All groups 

exercised three times per week. In regards to the results from the combined and 
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endurance only training groups, both groups significantly increased submaximal 

endurance cycling test time by a similar amount from pre training to the end of training, 

and from pre training to 12 weeks after completion of training (12 week follow-up). 

Strength of all five muscle groups significantly improved at the end of training and at 12 

week follow-up in both groups. However, from pre training to the end of training, the 

combined training group experienced significantly higher improvements in strength 

measures than the endurance only training group. Both groups significantly improved the 

breathlessness score and dyspnea domain of the CRDQ, and these improvements 

remained throughout 12 week follow-up. Thus, a combined endurance and strength 

training program is optimal for those with COPD, as this program resulted in 

improvements in both strength and submaximal endurance cycling duration.6 

 A similar intervention by Mador et al included 11 patients in a combined 

endurance and strength training group and 13 patients in an endurance only training 

group. Endurance training consisted of using a cycle ergometer at 50 percent of maximal 

exercise capacity and a treadmill at 1.1-2.0 miles per hour and zero percent elevation. 

Intensity was increased for both modalities when the patient could exercise without 

intolerable dyspnea. Strength training included two upper body and two lower body 

exercises initially for one set of ten repetitions at 60 percent of 1RM. Intensity was 

increased by adding up to three sets of ten repetitions, and then lastly the weight was 

increased by five pounds. The combined training group experienced significant 

improvements in muscle strength, whereas the endurance only training group did not. 

Six-minute walk distance, endurance exercise time, and HRQL (as measured by CRDQ) 

significantly improved in both intervention groups, with no difference between the 
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groups. Improvements in quadriceps fatigability, as assessed by measuring quadriceps 

twitch force during supramaximal magnetic stimulation of the femoral nerve before and 

after endurance cycle exercise, were not significantly different between groups. Similar 

to the results of Bernard et al, this study also demonstrated that the addition of strength 

training to endurance training leads to greater improvements in measures of strength; 

however, it does not lead to greater improvements in other measures of physical 

function.45 

Liao et al conducted a systematic review and meta-analysis of randomized 

controlled trials that compared combined strength and endurance training to endurance 

training alone. In regards to skeletal muscle strength, this analysis showed that combined 

strength and endurance training programs significantly improved leg press strength and 

pectoral muscle strength compared to endurance only training. Combined strength and 

endurance training programs favored improvements in HRQL, as measured by St 

George’s Respiratory Questionnaire. Of three studies reviewed, two reported 

improvements in HRQL46,47, and one failed to find improvements.48 There were no 

significant differences between the combined strength and endurance training programs 

and endurance only training programs when examining 6MWD, maximum exercise work 

load, and maximum oxygen consumption. Liao et al concluded that strength training is 

beneficial with or without the addition of endurance training.49   

Most studies show that when compared to an endurance only training program, a 

combined endurance and strength training program results in improvements in skeletal 

muscle strength. However, most results do not show that the addition of strength training 
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leads to further improvements in maximal exercise capacity, physical function, HRQL, or 

the performance of activities of daily living, as compared to endurance only training.  

Combined Training versus Strength Training 

A number of studies have compared a combined endurance and strength training 

program to a strength only training program. As previously mentioned, it is unclear 

whether or not the addition of strength training leads to more improvements than 

endurance training alone. It is also unclear the extent to which strength only training has 

an effect on outcomes other than strength. Even though strength training has been shown 

to increase muscle strength and size, there is conflicting evidence regarding 

improvements in physical function and HRQL.7,50  

In reference to the previous study mentioned by Ortega et al, this study showed 

that the shuttle-walking distance test significantly improved only in the strength only 

training group, and not in the combined training group. Both groups significantly 

increased submaximal endurance cycling test time from pre training to the end of 

training, but the combined training group experienced significantly greater improvements 

than the strength only training group. Also, both groups continued to significantly 

improve from pre training to 12 weeks after completion of training (12 week follow-up). 

Both groups significantly improved all measures of strength, as well as the breathlessness 

score and dyspnea domain of the CRDQ, at the end of training and at 12 week follow-up. 

This study concluded that a combined endurance and strength training program is 

beneficial for those with COPD.6 

In an eight week intervention including moderate to severe COPD patients, 

Arnardóttir et al compared a combined endurance and strength training group to a 



 

19 
 

strength only training group. Endurance training consisted of interval training on a cycle 

ergometer for approximately 35 minutes. Strength training included 30 minutes of 

resistance exercises for the upper body, lower body, and abdominal muscles, and was 

also accompanied by 15 minutes of calisthenics targeting the upper body and core. The 

combined group completed endurance training twice a week and strength training once a 

week. The strength only group trained twice a week. Peak exercise capacity and 12 

minute walk distance (12MWD) significantly improved only in the combined group, 

while the strength only group did not change. At one year follow-up, 12MWD declined to 

baseline values in the combined group, and below baseline values in the strength only 

group. Neither group reported improvements in HRQL. These results suggest that 

strength training alone is not enough to improve exercise capacity or HRQL.51 

Endurance Training versus Strength Training 

Few studies have examined endurance only training versus strength only training, 

and those doing so have yielded conflicting results. When comparing strength only 

training to endurance only training, studies show that strength training improves muscle 

strength, but results are inconsistent when comparing the effects of strength training on 

maximum exercise capacity, physical function, HRQL, and the performance of activities 

of daily living as compared to endurance training.7,50  

In regards to the aforementioned study by Ortega et al, results from this study 

showed that the shuttle-walking distance test significantly improved only in the strength 

only training group, and not in the endurance only training group. Both groups 

significantly increased submaximal endurance cycling test time from pre training to the 

end of training, and from pre training to 12 weeks after completion of training (12 week 



 

20 
 

follow-up). Although, from pre training to the end of training, the endurance only training 

group experienced significantly greater improvements in submaximal endurance cycling 

test time than the strength only training group. Strength of all five muscle groups 

significantly improved at the end of training and at 12 week follow-up in both groups. 

However, from pre training to the end of training, the strength only training group 

experienced significantly higher improvements in strength measures than the endurance 

only training group. Both groups significantly improved the breathlessness score and 

dyspnea domain of the CRDQ, and these improvements remained throughout 12 week 

follow-up. Therefore, strength training is most beneficial if the goal is to improve 

strength, while endurance training is recommended if the goal is to improve submaximal 

exercise tolerance.6 

In a 12 week intervention of 48 moderate to severe COPD patients with peripheral 

muscle weakness, Spruit et al compared strength only training to endurance only training. 

The strength only training group performed three sets of eight repetitions of upper and 

lower body exercises at 70 percent of the initial 1RM. Intensity was increased by five 

percent of 1RM every week. The endurance training only group completed three 

exercises: ergometry cycling with the goal of increasing to 75 percent of peak watts for 

25 minutes by week 12, treadmill walking aiming for 25 minutes at 60 percent of average 

speed obtained from 6MWD, and arm cranking reaching nine minutes by week 12. Both 

groups exercised for 90 minutes three times a week and also did six minutes of stair 

climbing by week 12. In both groups, all of the following variables significantly 

increased: 6MWD (strength 38 + 50%, p < 0.01; endurance 41 + 43%, p < 0.002), 

maximum workload (measured by maximal incremental cycling exercise test) (strength 
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15 + 16 watts, p < 0.01; endurance 14 + 13 watts, p < 0.001), and HRQL (measured by 

the Chronic Respiratory Disease Questionnaire) (strength 16 + 25 points, p < 0.05; 

endurance 16 + 15 points, p < 0.001). Maximal shoulder abduction and knee extension 

force increased significantly only in the strength only training group. Isometric knee 

extensor torque, maximal knee flexion force, and maximal elbow flexion force increased 

significantly in both groups. However, no significant differences were between the two 

training groups when comparing improvements, except for the change in isometric knee 

extensor peak torque, which favored endurance only training. This study’s findings imply 

that there are crossover training effects as resistance training improved peak workload 

and 6MWD, and endurance training improved peripheral muscle force. Therefore, both 

training modalities are beneficial in improving multiple outcomes.52 

Skumlien et al evaluated 12 weeks of strength only training versus endurance only 

training after completion of a four week in-patient pulmonary rehabilitation program 

(IPR). The strength only training group performed two sets of 12 repetitions at 50 percent 

of training workload of two upper body exercises, two lower body exercises, and one 

abdominal exercise. Intensity was increased every three weeks, and, if this was not 

possible, sets were increased to three instead. The endurance only training group used a 

treadmill for a targeted duration of 30 continuous minutes at 70 percent of peak work rate 

twice per week. Once the patient could successfully complete the full 30 minutes, the 

speed and grade were increased. Both groups were scheduled for 24 training sessions 

over the 12 week intervention. The results of this study show that when examining 

changes from post IPR to 12 week follow-up, both groups experienced significant 

improvements in treadmill endurance time. Six-minute walk distance significantly 
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increased only after endurance training. Functional status, as measured by the Glittre 

Activities of Daily Living-test and Hyrim Physical Activity Questionnaire, did not 

change in either group. Health-related quality of life, as measured by St George’s 

Respiratory Questionnaire, showed a trend towards improvement as result of the 12 week 

intervention in the strength only training group, but not in the endurance only training 

group. Additionally, HRQL did significantly improve from pre-IPR levels to one year 

follow-up in the strength only training group, but not in the endurance only training 

group. The difference between the improvements of the groups was not statistically 

significant. The researchers concluded that there are no major differences between the 

two training modalities, and, as such, the choice of one modality over another should be 

based upon the patient’s needs and individual preferences.53 

A 12 week study by Dourado et al randomized COPD patients to either a strength 

only training group, a low-intensity endurance training group, or a combined training 

group. Strength training consisted of three sets of 12 repetitions at 50 to 80 percent of 

1RM of seven exercises using weight training machines. The endurance training group 

walked 30 minutes at a self-determined intensity and also did 30 minutes of low-intensity 

resistance training with free weights. The combined training included the strength 

training component, with two sets of exercises performed instead of three, as well as the 

low-intensity endurance training, but half the duration. All groups exercised for one hour 

three times per week. In regards to the results of the endurance and strength training 

groups, similar, yet non-significant improvements, were seen for both training modalities 

for HRQL (as measured by St George's Respiratory Questionnaire), baseline dyspnea, 

6MWD, and treadmill endurance test. All 1RM values significantly improved only in the 
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strength only training group, and these values were significantly higher than in the 

endurance training group, other than bench press. This study reinforces the idea that both 

training modalities result in improvements in measures of HRQL and physical function, 

yet strength training is superior at improving strength..54 

Vonbank et al randomized COPD patients to one of three training groups for 12 

weeks: endurance only training, strength only training, and combined endurance and 

strength training. The endurance only training group exercised two times per week and 

began with 20 minutes on a cycle ergometer, increasing to 60 minutes by the end of the 

study. The strength only training group exercised twice a week and started with one set at 

minimal weight, gradually increasing intensity and sets to four sets by the end of the 

study. Strength training consisted of eight exercises for all major muscle groups. The 

combined training group completed endurance training and strength training as 

previously described two times per week. When examining results from the strength and 

endurance training groups, exercise capacity and HRQL (as measured by St George’s 

Respiratory Questionnaire) increased significantly in both training groups. While both 

groups improved peak oxygen consumption, this change was significant only in the 

endurance only training group. Even though muscle strength improved in all three 

training groups, the strength only training group had significantly greater improvements 

compared to the endurance only training group. Thus, endurance only training is most 

effective to improve measures of exercise capacity, while strength  only training is 

optimal to improve muscle strength.47 

In a systematic review by Iepsen et al comparing strength only training to 

endurance only training in eight randomized controlled trials, no clinically important 
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differences were found between the two training modalities. However, it should be noted 

that these conclusions are based on moderate- to very low-quality evidence.55 Hence, it is 

unclear whether one training method, endurance only training versus strength only 

training, is superior to the other. It is not well documented which method is better at 

improving certain outcomes, such as HRQL, physical function, performance of activities 

of daily living, and maximum exercise capacity, over the other.  

 While numerous studies exist comparing strength only training, endurance only 

training, and/or combined strength and endurance training, it is unclear which training 

program is most beneficial for COPD patients when examining outcomes such as 

performance of activities of daily living, HRQL, physical function, and maximal exercise 

capacity. The variations and conflicting results from prior studies may be due to the 

differences that exist among the current research. Study populations differ in regards to 

the severity of COPD patients included in the samples. Also, subjects may respond to the 

training program differently than one another and this can affect the results. In addition, a 

study’s design and quality can affect the results. Therefore, the purpose of this study was 

to compare changes in physical function, HRQL, and lean mass in COPD patients who 

completed both a traditional exercise training program emphasizing endurance training of 

the lower extremities, and subsequently, a strength training program. 
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METHODS 

Design 

 Subjects in the present investigation previously participated in a randomized 

clinical trial that compared the effectiveness of an endurance based traditional three 

month center-based exercise program to a behavioral lifestyle exercise program, the 

REACT II study.56,57 Approximately five years later, 11 of the subjects from that 

randomized clinical trial volunteered to participate in a three month strength based 

training study, the REACT III study. In the time between the two interventions, none of 

the subjects regularly exercised or participated in any type of structured physical activity. 

Before both interventions, subjects were screened for eligibility. If eligible, baseline 

assessments of subjects were made, subjects then exercised three days per week for three 

months, and then underwent follow-up assessments.  

Subjects 

 The 11 males (two African Americans) that completed both studies had a 

diagnoses of COPD as determined by an expiratory airflow limitation corresponding to 

FEV1/FVC <70% and FEV1 >20% of predicted and a diagnoses from their personal 

physician. Prior to participation in each of the exercise training programs, subjects signed 

an informed consent approved by the Institutional Review Board at Wake Forest 

University (see Appendices A and B). In addition, subjects had to report difficulty in 

performing at least one of the following activities due to dyspnea: walking a city block, 

grocery shopping, doing household chores, lifting objects chest height or higher, walking 

up stairs, and getting out of a chair. In order to determine if subjects had a medical health 

problems that would prevent them from participating in the study, a medical history, 
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physical exam, and graded exercise test were performed. Subjects were excluded from 

the interventions if they had severe cardiovascular or peripheral vascular disease, were 

undergoing active treatment for cancer, had uncontrolled hypertension or diabetes, or if 

they had participated in a pulmonary rehabilitation program or exercise program within 

the preceding three months. The adherence of each intervention was calculated as the 

percent of possible exercise sessions (36) completed.  

Exercise Programs 

Endurance Training Program 

The randomized clinical trial that compared the effectiveness of a three month 

center-based exercise program to a behavioral lifestyle exercise was based on a 

traditional exercise training program that emphasized lower extremity endurance training. 

The exercise program consisted of three one hour exercise sessions per week for twelve 

weeks. Each session included a brief warm-up, 30–35 min of walking at a rating of 

perceived dyspnea of three to five (moderate to somewhat hard) on the Borg categorical 

scale, ten to 15 minutes of low intensity upper extremity training using elastic resistance 

bands, and a brief cool-down. The resistance bands exercises included biceps curls, 

triceps extensions, shoulder flexion, shoulder abduction, and shoulder elevation, and 

consisted of two sets of eight to 12 repetitions. Both the center-based exercise and 

behavioral lifestyle exercise programs received identical exercise therapy and bimonthly 

education classes at the clinic site during the first three months of the study. The 

difference between the two groups was that in the lifestyle exercise program the center-

based training sessions were gradually replaced with home-based training sessions, after 
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the subjects had been instructed on behavior change procedures that encouraged them to 

exercise on their own.  

Strength Training Program 

The strength training program was a center-based program and also consisted of 

one hour exercise sessions three times per week for twelve weeks. This program began 

with a brief warm-up, followed by upper and lower extremity, high-intensity progressive 

strength training, and then a brief cool-down. Strength training exercises were done for 

the following major muscle groups: abductors (overhead press) and horizontal adductors 

(bench press) of the shoulders; elbow flexors (bicep curl) and extensors (triceps 

extensions); trunk flexors; hip extensors; and the extensors and flexors of the knee. The 

one repetition maximum (1RM) test was performed according to American College of 

Sports Medicine (ACSM) guidelines and includes the following: The subject first 

completed a warm up consisting of submaximal repetitions of the specific exercise being 

tested. Then, an initial weight was selected that was within 50-70 percent of the subject’s 

perceived capacity. Next, resistance was progressively increased by 2.5 to 20 kilograms 

until the subject was unable to complete the repetition with proper speed and range of 

motion. Thus, the final weight successfully lifted was considered to be the absolute 1RM. 

Ideally, the 1RM was determined within four trials with three to five minutes of rest in 

between trials.13 The progression of intensity of the strength training exercises for weeks 

one through 16 is shown in Table I. Once subjects reached 80 percent of 1RM, 

progression of intensity for each of the strength training exercises was also based on the 

ACSM guidelines, which specify that once subjects successfully complete three sets of 

eight repetitions for each exercise at 80 percent of 1RM, the intensity, or weight, was 
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then increased by ten percent.13 The 1RM was assessed at the end of weeks two and 

seven so that additional adjustments to the intensity could be made. Progression of 

intensity according to these guidelines has been shown to significantly increase muscle 

strength in older adults.58 

 

Table I. Strength Training Progression 

Week Intensity 

(% of 1RM) 

# of Sets 

(8 reps/set) 

1 40-50 1 

2 40-50 2 

3 60-70 2 

4-7 60-70 3 

8-16 70-80 3 

 

 

Outcomes 

Pulmonary Function Testing 

 Pulmonary function tests, including spirometry measurements, were completed 

using a Medical Graphics Corporation 1085D. The subjects completed a forced vital 

capacity (FVC) maneuver, in which there is a maximal inspiration phase, followed by a 

“blast” of exhalation, ending with a complete exhalation. For each test, reproducibility 

and acceptability criteria were met according to the American Thoracic Society 

recommendations. The initial inspiration, which is done from functional residual 

capacity, should be done as fast as possible, with no more than a one to two second pause 

at full inspiration before exhalation. The patient should then exhale or “blast” the air out 

and continue until there is no air left to exhale. Three FVC maneuvers should be 

performed, and then the data should be analyzed for reproducibility. The two largest 
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values of FVC must be within 0.15 liters of each other and the two largest values of 

forced expiratory volume in one second (FEV1) must be within 0.15 liters of each other. 

A maximum of eight total tests can be performed in order to obtain acceptable 

spirograms.59 

Physical Function 

Physical function was assessed using a variety of objective and subjective tests 

including a six minute walk distance (6MWD) test, timed chair rise, timed stair climb, 

and a self-reported physical function questionnaire. 

The 6MWD test was completed in a in a dedicated gymnasium with a rectangular 

walking track that measured 26 feet by 46 feet and according to the guidelines of the 

American Thoracic Society. The subjects were instructed to walk as far as they possibly 

could in six minutes. Subjects were instructed to begin walking at the command "Go" and 

to continue walking until they heard the command "Stop." Subjects were not allowed to 

carry a watch and were not provided any feedback during the trial. Subjects were allowed 

to stop and rest if needed. Performance was measured as the total distance covered in feet 

during the six minute period. Not only is the 6MWD representative of activities of daily 

living, but it is better suited for those with respiratory disease for whom a longer test is 

too exhausting.60,61  

The chair rise test was performed using a straight-backed chair placed with its 

back against a wall. First, subjects were asked to stand from a sitting position without 

using their arms for assistance. Next, if they were able to perform this task, they were 

then asked to stand up and sit five times as quickly as possible. The time to complete the 

task was recorded.   
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For the stair climb, subjects were asked to ascend two flights of stairs as quickly 

as possible while holding onto the handrail. The first flight of stairs had ten steps, and the 

second flight had 11 steps. Each step had a seven inch rise and a twelve inch run, and the 

total vertical ascent was 12.6 feet. Subjects were allowed to stop and rest if needed. 

Performance was measured as the elapsed time from the floor level to the top of the 

second flight. 

A self-reported measure of physical function was made based on the physical 

function scale of the Medical Outcomes Study 36 Item Short Form (SF-36-PFS). The SF-

36 is generalizable to any population and is very brief as it only includes 36 questions. It 

includes an eight-scale profile of functional health and well-being scores. The physical 

function scale assesses patient perceptions regarding their ability to perform vigorous and 

moderate activities, lifting and carrying groceries, climbing one to several flights of 

stairs, bending and kneeling, walking one block to several blocks to a mile, and bathing 

and dressing.61 

Health-Related Quality of Life 

 Health-related quality of life was measured using a general health instrument, the 

Medical Outcomes Study 36 Item Short Form (SF-36) (see Appendix C), and a disease 

specific instrument, the Chronic Respiratory Disease Questionnaire (CRDQ) (see 

Appendix D). From the SF-36, the physical and mental component scores were 

examined. These scores give a summary measure of psychometrically-based physical and 

mental health. The physical component score includes the following four scales: physical 

functioning, role-physical, bodily pain, and general health. The mental component score 

consists of the following four scales: vitality, social functioning, role-emotional, and 
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mental health.62 The CRDQ assesses four domains of health which include mastery, 

fatigue, dyspnea, and emotion. Not only is the CRDQ one of the most widely used 

respiratory disease specific questionnaires, but changes in CRDQ dyspnea scores have 

been shown to have a higher correlation with changes in spirometry, walk test score, 

dyspnea after a walk test, and global ratings of dyspnea than other dyspnea 

questionnaires. Thus, it is one of the most responsive and valid measures of physical 

function for clinical trials in chronic lung disease.63 

Lean Mass 

Arm and leg lean masses were obtained using dual-energy x-ray absorptiometry. 

All manufacturer’s (Hologic, Delphi A) recommendations for patient positioning, scan 

protocols, and scan analysis were followed.  Lean mass was calculated as the sum of lean 

soft-tissue mass and bone mineral content.64 Scans were performed by an International 

Society for Clinical Densitometry certified technician and reviewed by a board certified 

radiologist. 

Data Analyses 

For both the endurance training program and strength training program, 

differences between baseline and three month follow-up scores were assessed using 

dependent t-tests. Additionally, effect sizes were calculated. Then, change scores (three 

month follow-up minus baseline) were calculated for each patient. Differences in change 

scores between the traditional pulmonary rehabilitation training program and strength 

training program were assessed using Analysis of Covariance with baseline scores as the 

covariate for any of the outcomes shown to significantly improve from baseline to three 

months. Significance was set a p value < 0.05.  
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RESULTS 

Patient demographics (means ± standard error of mean (SEM)) of the 11 

participants prior to the start of the endurance based and strength based training programs 

are shown in Table II. As expected, age increased significantly by approximately five 

years. Weight and body mass index (BMI) did not change over the approximately five 

years from the start of the endurance based training program to the start of the strength 

based training program. In addition, pulmonary function, i.e. disease severity, remained 

relatively stable over the five year period. There were no significant decreases in forced 

expiratory volume in one second (FEV1), FEV1 as a percent of predicted, or the ratio of 

FEV1 to forced vital capacity (FVC) (FEV1/FVC) over the five year period. Patients 

attended 85.4 ± 9.7 percent of the endurance training sessions and 94.2 ± 10.1 percent of 

the strength training sessions (p = 0.03).  

 

Table II. Patient Characteristics Prior to the Start of the Endurance Training 
and the Strength Training Programs 

 Endurance Strength Difference 

 Mean ± SEM Mean ± SEM P 

Age, yr 65.0 ± 2.6 70.0 ± 2.7 < 0.001 

Weight, kg 93.5 ± 7.3 92.3 ± 9.2 0.691 

BMI, kg/m2 30.4 ± 2.0 31.5 ± 2.7 0.256 

FEV1, L 1.9 ± 0.2 1.4 ± 0.5 0.289 

FEV1, % predicted 61.1 ± 5.9 60.0 ± 10.3 0.894 

FEV1/FVC, % 57.4 ± 3.5 52.4 ± 7.1 0.417 
BMI – body mass index.  FEV1 – forced expiratory volume in one second.  
FVC – forced vital capacity. 
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Physical function results by training program, endurance based and strength 

based, at baseline and three month follow-up, are presented in Table III. Six-minute walk 

distance (6MWD) significantly increased from baseline to three month follow-up with 

both training programs. When controlling for baseline scores, change scores 

(improvements) from baseline to three month follow-up were not significantly different 

between the endurance and strength training programs.    

Chair rise time significantly decreased from baseline to three month follow-up 

with endurance based training, but not with strength training. When controlling for 

baseline scores, change scores from baseline to three month follow-up were not 

significantly different between the endurance and strength training programs.    

Stair climb time significantly decreased from baseline to three month follow-up with 

strength training, but not with endurance training. When controlling for baseline scores, 

change scores from baseline to three month follow-up were not significantly different 

between the endurance training and strength training programs.    

Self-reported physical function, as measured by the Physical Function Scale of 

Medical Outcomes Study 36 Item Short Form (SF-36-PFS), significantly increased from 

baseline to three month follow-up with endurance training, but not with strength training. 

When controlling for baseline scores, change scores from baseline to three month follow-

up were not significantly different between the endurance training and strength training. 
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Table III Physical Function by Training Program at Baseline and Three Month Follow-up 

  
  P* 

Effect 

Size 

Change 

Score 
P† 

Six-Minute 

Walk Distance 

(feet) 

Endurance 
Baseline 1219.9 ± 156.6 

0.008 0.23 158.2 ± 36.7 

0.473 
3 Month 1380.1 ± 188.1 

Strength 
Baseline 1155.8 ± 186.2 

0.001 0.26 130.7 ± 32.3 
3 Month 1293.0 ± 191.0 

 

Chair Rise 

(sec) 

Endurance 
Baseline 11.9 ± 1.1 

0.001 1.68 -4.8 ± 0.7 

0.238 
3 Month 7.4 ± 0.6 

Strength 
Baseline 11.1 ± 0.7 

0.056 0.59 -1.3 ± 1.2 
3 Month 9.5 ± 9.5 

 

Stair Climb 

(sec) 

Endurance 
Baseline 14.0 ± 2.1 

0.133 0.23 1.1 ± 0.3 

0.259 
3 Month 12.8 ± 2.4 

Strength 
Baseline 13.9 ± 1.6 

0.002 0.20 1.4 ± 0.8 
3 Month 12.7 ± 1.7 

 

SF-36-PFS 

Endurance 
Baseline 43.9 ± 1.2 

0.041 1.00 3.8 ± 0.7 

0.223 
3 Month 47.2 ± 1.0 

Strength 
Baseline 44.0 ± 1.4 

0.700 0.11 0.5 ± 1.2 
3 Month 44.4 ± 1.2 

All values are means ± SEM.  * This P value is from the comparison between the baseline and 3 

month follow-up score within each intervention group.  † This P value is from the comparison of 

change scores (baseline – 3 month) from each intervention group.  Change scores are estimated 

marginal means. 
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Health-related quality of life results by each training program, endurance based 

and strength based, at baseline and three month follow-up, are presented in Table IV. The 

physical component score of the Medical Outcomes Study 36 Item Short Form (SF-36) 

significantly increased from baseline to three month follow-up with endurance training, 

but not with strength training. When controlling for baseline scores, change scores 

(improvements) from baseline to three month follow-up were not significantly different 

between endurance and strength training. The mental component score of the SF-36 did 

not change significantly from baseline to three month follow-up with either training 

program. 

The Chronic Respiratory Disease Questionnaire (CRDQ) dyspnea, emotion, and 

mastery scores did not change significantly from baseline to three month follow-up with 

either training program. The CRDQ fatigue score significantly improved from baseline to 

three month follow-up with endurance training, but not with strength training. When 

controlling for baseline scores, change scores from baseline to three month follow-up 

were not significantly different between the endurance and strength training programs. 
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Table IV. Health-Related Quality of Life by Training Program at Baseline and Three 
Month Follow-up 

  
  P* 

Effect 

Size 

Change 

Score 
P† 

SF-36 

Physical 

Component 

Score 

Endurance 
Baseline 35.1 ± 3.2 

0.049 0.66 6.5 ± 2.4 

0.910 
3 Month 40.8 ± 2.2 

Strength 
Baseline 33.4 ± 2.3 

0.822 0.09 1.2 ± 3.6 
3 Month 34.1 ± 2.5 

 

SF-36 

Mental 

Component 

Score 

Endurance 
Baseline 57.7 ± 1.5 

0.224 0.29 NA 

NA 
3 Month 59.3 ± 1.9 

Strength 
Baseline 56.6 ± 3.4 

0.190 0.34 NA 
3 Month 60.2 ± 1.9 

 

CRDQ 

Dyspnea 

Endurance 
Baseline 4.6 ± 0.4 

0.125 0.54 NA 

NA 
3 Month 5.1 ± 0.3 

Strength 
Baseline 4.3 ± 0.2 

0.114 0.81 NA 
3 Month 5.0 ± 0.3 

 

CRDQ 

Emotion 

Endurance 
Baseline 5.6 ± 0.2 

0.066 0.57 NA 

NA 
3 Month 6.0 ± 0.2 

Strength 
Baseline 5.4 ± 0.4 

0.171 0.41 NA 
3 Month 5.9 ± 0.2 

 

CRDQ 

Mastery 

Endurance 
Baseline 5.1 ± 0.4 

0.199 0.48 NA 

NA 
3 Month 5.7 ± 0.4 

Strength 
Baseline 5.6 ± 0.4 

0.301 0.34 NA 
3 Month 5.9 ± 0.3 

 

CRDQ 

Fatigue 

Endurance 
Baseline 4.1 ± 0.3 

0.023 0.90 0.8 ± 0.3 

0.843 
3 Month 5.0 ± 0.3 

Strength 
Baseline 3.9 ± 0.4 

0.073 0.73 0.9 ± 0.4 
3 Month 4.8 ± 0.3 

All values are means ± SEM.  * This P value is from the comparison between the 

baseline and 3 month follow-up score within each intervention group.  † This P value 

is from the comparison of change scores (baseline – 3 month) from each intervention 

group. NA – Not applicable to calculate change scores or to compare change scores, 

since they did not change significantly from baseline to 3 months.  Change scores are 

estimated marginal means. 
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Lean mass results by each group, endurance based and strength based training, at 

baseline and three month follow-up, are presented in Table V. Neither arm nor leg lean 

mass changed from baseline to three month follow-up with either training program. 

 

Table V. Lean Mass by Training Program at Baseline and Three Month Follow-up 
  

  P* Effect 

Size 

Change 

Score P† 

Arm 

Lean 

Mass 
(kg) 

Endurance 
Baseline 7.5 ± 0.5 

0.157 0.11 NA 
NA 

3 Month 7.3 ± 0.5 

Strength 
Baseline 7.1 ± 0.6 

0.347 0.05 NA 
3 Month 7.0 ± 0.6 

 

Leg 

Lean 

Mass 
(kg) 

Endurance 
Baseline 18.8 ± 1.2 

0.052 0.11 NA 
NA 

3 Month 18.3 ± 1.2 

Strength 
Baseline 17.3 ± 1.2 

0.998 0 NA 
3 Month 17.3 ± 1.2 

All values are means ± SEM.  * This P value is from the comparison between the 

baseline and 3 month follow-up score within each intervention group.  † This P 

value is from the comparison of change scores (baseline – 3 month) from each 

intervention group.  NA – Not applicable to calculate change scores or to compare 

change scores, since they did not change significantly from baseline to 3 months.  

Change scores are estimated marginal means. 
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DISCUSSION 

The purpose of this study was to compare changes in physical function, health-

related quality of life (HRQL), and lean mass in COPD patients who completed both a 

traditional exercise training program that emphasized lower extremity endurance training, 

and subsequently, a strength based training program approximately five years later. 

Results from this study show that both endurance training and strength training result in 

improvements in objective measures of physical function; whereas, an endurance training 

program also results in significant improvements in self-reported physical function. 

Additionally, when examining HRQL, it appears that an endurance training program may 

result in greater improvements in both general and disease specific measures. Body 

composition is not affected by either training modality. 

In the present investigation, 6MWD was found to significantly improve following 

either an endurance training or strength training program. In prior studies examining 

6MWD as an outcome measure, both endurance training and strength training have been 

found to significantly increase 6MWD. There is an abundance of evidence showing 

improvements in 6MWD in COPD patients following participation in an endurance based 

exercise program. 40,41,44,45,65,66,67,68. A meta-analysis by Iepsen at al concluded that 

6MWD improves after an endurance training program.55 Borges et al69, Ramos et al70, 

and Zambom-Ferraresi et al71 found significant improvements in 6MWD after a strength 

training program. When comparing improvements in 6MWD following either an 

endurance training or strength training program in a single study, the results are less 

conclusive. Dourado et al found improvements in 6MWD after a strength training 

program, but not after an endurance training program.54 Conversely, Skumlien et al53 and 
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Wurtemberger et al66 found that 6MWD improves after an endurance training program, 

but not after a strength training program. Yet, Spruit et al found similar improvements in 

6MWD following both strength training and endurance training.52 

  The findings of Spruit et al are similar to those of this study in which both the 

endurance and strength training programs significantly increased 6MWD, with no 

differences in the improvements between the two training programs. Moreover, the 

minimally clinically important difference (MCID) for 6MWD has been reported to range 

from 35 to 54 meters. Originally reported as 54 meters, a recent analysis by Puhan et al 

suggests that 35 meters is the standard for a MCID.72 Thus, in this study, both the 

improvements in the endurance training group (160.2 ft = 48.8m) and strength training 

group (137.2 ft = 41.8m) exceeded the MCID. A change can be significant, and yet not 

have clinical significance. A MCID is defined as the smallest difference in the domain of 

interest in which the patient perceives the change as beneficial and results in change to 

the patient’s management.73,74 

While the 6MWD test is one of the most commonly used tests of physical 

function with COPD patients, studies have examined other outcomes of physical 

function, such as chair rise time and stair climb time. Results from the present 

investigation show significant improvements in chair rise time following endurance 

training, and a trend for an improvement following strength training. Endurance training 

exceeded the standards for the five-repetition sit-to-stand test MCID of 1.7 seconds, as 

determined by Jones et al75 (endurance training = 4.5 seconds), whereas strength training 

was very close (strength training = 1.6 seconds). Previous studies have examined similar 

measures of physical function, such as a 30 second or one minute sit-to-stand test and a 
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timed up and go test. Zanini et al compared a traditional pulmonary rehabilitation 

exercise program to a similar program with strength training added and showed that both 

groups improved 30 second sit-to-stand test, while the group with added strength training 

also improved one minute sit-to-stand test.65  Beauchamp et al found improvements in a 

test resembling the chair rise test, the timed up and go test, after completion of a 

traditional pulmonary rehabilitation exercise program emphasizing endurance exercise.76  

Results from the present investigation show that both endurance and strength training 

result in a decrease in stair climb time; however, it is only significant following strength 

training. Similar to the results of this study, Konsgaard et al found improvements in a 13 

stair climb after a strength training program.77 On the other hand, Berry et al found 

improvements in a two flight (ten steps in each flight) stair climb time test following 

endurance training.41 To date, there are no established standards for a MCID for stair 

climb time as there is such variability among tests.  

In addition to objective measures of physical function, subjective measures are 

often included such as the Physical Function Scale of the Medical Outcomes Study 36 

Item Short Form (SF-36-PFS). Benton and Wagner compared a traditional pulmonary 

rehabilitation exercise program to one with resistance training added, and found both 

groups improved SF-36-PFS scores post intervention.78 In the present investigation, SF-

36-PFS scores only improved after endurance training, and not after strength training. 

This improvement was both significant and surpassed a MCID of one point according to 

standards set by Wyrwich et al.79 Strength training did not reach these standards for a 

MCID.  
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Health-related quality of life outcomes examined in this study included the 

Medical Outcomes Study 36 Item Short Form (SF-36), specifically looking at the 

physical and mental component scores, and the Chronic Respiratory Disease 

Questionnaire (CRDQ), specifically examining the four domains of mastery, fatigue, 

dyspnea, and emotion. After endurance training, only the physical component score of 

the SF-36 and the fatigue domain of the CRDQ significantly improved. Neither 

component of the SF-36, nor any domain of the CRDQ significantly changed following 

strength training. After both endurance training and strength training, improvements in 

the fatigue domain of the CRDQ surpassed a MCID of 0.5. The CRDQ domain of 

dyspnea exceeded the MCID of 0.6 after strength training, and endurance training was 

only a tenth of a point too low. The CRDQ domains of emotion and mastery did not reach 

the standards for a MCID (emotion = 0.71, mastery = 0.75).79 Studies have also found 

improvements in general measures of HRQL, such as the SF-36, in COPD patients 

following endurance training. Boueri et al showed that a pulmonary rehabilitation 

training program including endurance exercise improved five of the nine quality-of-life 

subscales of the SF-36.80 A study by von Leupoldt et al found all SF-36 subscales to 

improve following pulmonary rehabilition.81 In a group of pulmonary rehabilitation 

participants consisting of primarily COPD patients, Nugent et al found the SF-36 

physical component score to improve, but the mental component score did not change.82  

After completion of pulmonary rehabilitation, Benzo et al found COPD patients to 

improve in almost all dimensions of the SF-36 and in both the physical and mental 

component scores.83 
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A vast amount of studies show improvements in COPD patients in CRDQ scores 

after endurance training41,43,44,45, and some show improvements specifically in the CRDQ 

domain of dyspnea.41 Additionally, other studies have found improvements among COPD 

patients in CRDQ scores after a strength training program47,71,77,78, also specifically in the 

domain of dyspnea.6 When examining studies that have included both strength training 

and endurance training, Skumlien et al found HRQL, as measured by St. George's 

Respiratory Questionnaire, to improve following strength training, but not after 

endurance training.53 However, several other studies have compared both strength 

training and endurance training, and have shown both training modalities to be 

advantageous in improving CRDQ scores6,52, also specifically the domain of dyspnea.6   

Improvements in lean mass have been found after both strength training and 

endurance training in COPD patients. Panton et al found increases in lean mass, as 

measured by dual energy x-ray absorptiometry (DXA), after an endurance training 

program.84 Alternatively, Covey et al found increases in arm lean mass, as measured by 

DXA, after a strength training program of the upper body.85 Additionally, Menon et al 

found increases in thigh lean mass, as measured by ultrasound and DXA, following 

bilateral high intensity isokinetic knee extensor strength training.86 However, the present 

investigation did not find improvements in arm or leg lean mass, as determined by DXA 

measurements, following either strength training or endurance training. It has been 

suggested that nutritional or pharmacological interventions may be necessary in addition 

to exercise training in order to see changes in lean mass. As men with COPD have low 

testosterone levels, Casaburi et al examined the effects of testosterone supplementation 

with or without strength training on men with COPD. The placebo injection group and 
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the placebo injection combined with strength training group saw no changes in lean mass, 

whereas the testosterone injection group and the testosterone injection combined with 

strength training group saw improvements in lean mass. Changes in lean mass tended to 

be larger in the testosterone injection combined with strength training group than the 

testosterone injection group, but did not reach statistical significance.87 Additionally, 

nutritional interventions may be necessary to increase lean mass.88 On the other hand, 

some severe disease stage COPD patients often suffer from cachexia and require an 

increase in lean mass as well. Sugawara et al examined the effects of nutritional 

supplementation combined with low-intensity exercise for 12 weeks and found lean mass 

to increase in COPD patients.89 Thus, if the present investigation included a nutritional 

aspect or pharmacological intervention, changes in lean mass may have been seen.   

A primary and unique strength of this study is that the same subjects were in the 

strength training program as well as the endurance training program. This makes it 

possible to control for the effect of individual differences among both patients and 

differences in their disease severity. Additionally, the present intervention only included 

exercise training; therefore, it is possible to determine the role that exercise may play in a 

comprehensive pulmonary rehabilitation program. Another strength of this study includes 

the extensive outcome measurements: numerous measures of physical function were 

made, general and disease specific questionnaires were used for HRQL, and lean mass 

was determined using the gold-standard for body composition, the DXA.  

On the other hand, limitations of this study include the small sample size, 11 

subjects, and that only men were included. In regards to the design of the study, it was 

not a randomized controlled cross-over trial, and thus the length of time between the two 
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interventions could have affected the results. Additionally, the results may be affected by 

selection bias, specifically volunteer bias. In other words, the individuals that volunteered 

to participate in the strength based training program may be systematically different than 

those who did not volunteer. Also, the effects of exercise may have been greater if the 

duration of the interventions was longer; a twelve week intervention may be too short to 

see significant changes.  

Therefore, future research should conduct much larger and longer follow-up 

randomized controlled trials. Also, studies should include all three major intervention 

groups: endurance training versus strength training versus combined training. 

Researchers should consider the effect of potential phenotypes and genotypes. For 

example, a phenotype, or physical difference, may be that that severely malnourished 

people might respond better to strength training. Also, a genotype may include the impact 

of the ACE gene and that those with a certain variation typically have greater strength. 

In conclusion, the results of this study show that various objective measures of 

physical function improve as a result of participating in either an endurance training or a 

strength training program.  However, an endurance training program also improves 

subjective measures of physical function, as well as leads to larger improvements in both 

general and disease specific measures of HRQL, while neither training program affected 

arm or leg lean mass. Therefore, even though endurance training results in overall more 

favorable changes than strength training, either training modality would be beneficial for 

COPD patients. The preferences of the individual, as well as their likelihood of adhering 

to one training program over the other, should influence their choice of exercise training 

modality.     
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APPENDICES 

Appendix A – CONSENT FORM Exercise and Disability in COPD Patients 

 WAKE FOREST 
 U N I V E R S I T Y  

  School of Medicine   

  Health & Exercise Science 
         Department 

 

WAKE FOREST UNIVERSITY SCHOOL OF MEDICINE 

CONSENT FORM 

 

Exercise and Disability in COPD Patients 

Principal Investigator: Michael Berry, Ph.D. 
 
You are being asked to participate in a research study to determine the effects of two 
different exercise programs on physical activity levels in older adults with shortness of 
breath and chronic lung problems.  Please read this form and ask any questions you may 
have before you agree to be in the study. 
 

Introduction & Background Information. 

 
People with shortness of breath due to chronic lung problems, such as chronic bronchitis 
or emphysema, often lose their ability to perform various activities.  However, physical 
activity may help preserve physical function in people with chronic lung problems.  The 
purpose of this research study is to determine the effects of two different exercise 
programs on physical activity levels in older adults with shortness of breath due to 
chronic lung problems (chronic obstructive pulmonary disease, or COPD). 
 
Both exercise programs consist of walking for approximately 20 to 30 minutes.  If you 
are eligible for the study and choose to participate, you will be randomly assigned (like a 
flip of a coin) to: 
 

1. Exercise three times per week for approximately three months at Wake Forest 
University 

 

OR 
 

2. Exercise three times per week for approximately 12 months either at Wake 
Forest University or at your home or residence.  

 
Both of the programs are similar and both provide the same amount of personal contact 
with the research staff.  The difference between the two programs is that one program 
relies more heavily on exercising at home and includes an educational component 
designed to teach you to exercise at home.  Both programs are supervised, and we believe 
that you will find either program to be beneficial. 
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How the study works. 

 
If you agree to be in this study, you will undergo four screening visits to determine if you 
are eligible for the study and to determine some physical characteristics.  
 
You will come to the Human Performance Lab at Wake Forest University for screening 
visits one, two, and three. You have already completed part of the first screening visit by 
performing the breathing test.  Since you qualify for the study based on the breathing test 
results, you will be asked to complete come questionnaires asking about your educational 
and employment history, general health, ability to perform various activities, physical 
symptoms, and medical history. 
 
During the second visit to the Human Performance Lab you will be asked to answer some 
questionnaires asking about the medications you take and about the social support that is 
available to you.  A doctor will give you a short exam to help us decide if you can safely 
participate in the study.  Lastly, you will perform a walking test on a treadmill.  This 
walking test will require you to walk on a treadmill while breathing through a mouthpiece 
(similar to a scuba diving mouthpiece).  The speed and grade of the treadmill will be 
increased every two minutes until you are unable to continue walking and wish to stop.  
During the test, your heart rate and rhythm will be monitored on a viewing screen (ECG 
monitor), and your blood pressure will be taken every two minutes.  Exercise testing on 
the treadmill is very safe.  The risk of death during or immediately after the test is less 
than 1 in 10,000 (.01%) and the risk of a heart attack during or immediately after the test 
is less than 4 in 10,000 (.04%).  Trained and certified technicians will conduct the test 
under the supervision of a doctor.  If after completing these two screening visits, you are 
still eligible and wish to continue to participate, you will be asked to complete a third 
screening visit. 
  
During the third screening visit to the Human Performance Lab you will answer some 
questionnaires asking about your confidence in your ability to perform certain activities, 
mood, physical activity pattern, and shortness of breath.  Also, we will ask you to 
complete physical performance tests.  These tests include determining how far you can 
walk in six minutes; determining your walking speed by having you walk 15 to 20 yards 
(about 50 feet) two times at your normal walking pace; determining how fast you can 
stand up from and sit down in a chair; and assessing your balance in three positions for 
up to 10 seconds: feet together, the heel of one foot beside the big toe of the other foot, 
and the heel of one foot in front of and touching the toes of the other foot.  If after 
completing these three screening visits, you still wish to continue to participate, you will 
be asked to complete a fourth screening visit. 
 
You will come to the General Clinical Research Center (GCRC) at Wake Forest 
University Baptist Medical Center for the fourth visit.  During this visit, approximately 
three tablespoons of blood will be taken from your arm after an overnight fast (not eating 
for at least 10 hours).  The blood will be used to measure cytokines, which are markers of 
inflammation, and to obtain DNA.  DNA is the genetic material contained in all cells of 
your body including blood cells.  It is this genetic material that can affect such things as 
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your physical features.  As with all information, results of these genetic tests will be kept 
confidential.  Your DNA will be stored in a freezer for up to 10 years in the lab at the 
Medical School and will be analyzed for the purpose of identifying genes for COPD and 
its related health problems.  Your DNA sample may be used to provide information about 
other diseases or conditions.  Because the samples are stored in such a way that does not 
link your identity with your sample, results of the DNA tests will be available only for 
research purposes and only in a form that does not identify you.  However, the blood 
samples removed from you during the course of the study may be valuable for scientific 
research or for the development of a new product that may be distributed commercially.  
These samples may be shared with our collaborators for Institutional Review Board-
approved research purposes.  Findings of this research may result in future development 
of products of commercial value.  If this occurs, you will not share in any profits obtained 
from such commercial development.  You authorize the Wake Forest University/Baptist 
Medical Center and members of its professional staff to use your cells, blood or other 
specimens for these purposes, without identifying information.  If you wish to have your 
samples withdrawn from future research, you can contact Dr. Berry at 336-758-5847 to 
have them destroyed.  You may request that your samples be destroyed at any time up to 
the point that we know which sample is yours.  You will be given the opportunity to 
refuse to have your DNA samples taken.  If you refuse, this will not prevent you from 
participating in this study nor any care you may receive as a participant. 
 
You will also have your body composition, or the amount of fat and muscle in your body, 
determined during this visit.  This will be done using a procedure known as dual energy 
x-ray absorptiometry (DEXA).  This procedure is painless and is similar to an x-ray but 
involves much less radiation exposure.  Radiation exposure information can be found in 
the risks’ section of this document.  You will also perform a handgrip strength test by 
squeezing the handles of a special handheld device that measures the amount of force you 
can produce. Lastly, the strength of the muscles in your upper leg will be measured using 
a small device, called a transducer, that measures force.  From a seated position, with 
your knee bent and the heel of your foot resting on the ground, you will be asked to 
straighten your lower leg.  A trained technician will hold the force transducer against the 
front of your lower leg, between the knee and ankle, and provide resistance against which 
you will "push".  The force transducer will record your strength when you push against 
the resistance provided by the technician.  The strength of both legs will be measured. 
 
After the fourth screening visit, you will be randomly selected to participate in one of the 
two exercise programs previously described.  Sometime within the first two months of 
starting the exercise program, you will be asked to take home a hand held devise that is 
used to monitor the oxygen levels in your blood.  This devise has a clip that fits over your 
finger.  You will be asked to wear the finger clip overnight so that we can monitor your 
oxygen levels while you sleep.  The device will monitor and record your blood oxygen 
and heart rate levels overnight.  After three months in the exercise program, you will be 
asked to return for testing similar to that completed during the screening visits at the 
Human Performance Lab and the General Clinical Research Center.  In addition, you will 
be asked to return to Wake Forest for testing six months and 12 months after your initial 
screening visits. 
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The testing schedule is outlined below: 
 
 
 
 
 
 
 
        10-14 days                                 3 months                        6 months                     12 months 
                            after randomization     after randomization    after randomization 
                                                                            (end of study) 

 
 
The schedule of assessments you will be asked to complete during the visits to the 
Human Performance Lab at Wake Forest and the General Clinical Research Center is 
outlined below: 
 
 Screening 

visits 
 3 

month 
visits 

 6 
month 
visits 

 12 
month 
visits 

Measure 1 2 3 4  1 2 3 4  1 2   1 2 3 4 

                   

Informed consent X                  

Breathing test X     X     X    X    

Background information X                  

Employment/education X                  

General health X     X     X    X    

Physical functioning X     X     X    X    

Medical history X                  

Brief medical exam  X                 

Social support  X     X     X    X   

Treadmill test  X     X         X   

Confidence   X     X    X     X  

Mood   X     X    X     X  

Physical activity patterns   X     X    X     X  

Shortness of breath   X     X    X     X  

Physical performance tests   X     X    X     X  

Blood draw for cytokines & DNA (GCRC)    X     X         X 

DEXA body composition scan (GCRC)    X     X         X 

 
 

 

 

 

 

 

 

 

 

 

Screening visits Randomization 3 month retest 6 month retest 12 month retest 
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Risks and discomfort. 

 
The risks associated with any of the testing you will undergo are very small.  The testing 
procedures will be explained to you in detail by the staff before you participate in any 
aspect of the study.  If you experience any side effects or health problems during your 
participation of this study, you should immediately contact the study coordinator, Mark 
Woodard, at 336-758-4705 or Dr. Berry at 336-758-5847. 
 
There is a small amount of pain sometimes associated with drawing blood.  In addition, 
there is a small risk of bruising and/or infection at the site of the blood draw.  All DNA 
samples are initially coded and personal identifiers maintained securely by the 
investigators.  The results will not be made available to you, your physician, family 
members, or others.  It will not be included in the medical records, or made available to 
anyone other than the investigators.  Once initial testing of the samples for this study has 
been accomplished, your samples will no longer be linked to you personally. 
 
As described previously, there is a very small chance (1 in 10,000) that you could suffer a 
heart attack during the testing procedures or during the exercise intervention.  In addition, 
while performing some of the exercise testing procedures, such as the walking test on the 
treadmill during the second screening visit and the physical performance tests during the 
third screening visit, you may experience increased shortness of breath.  This shortness of 
breath generally is related to physical activity and should resolve (improve) at the end of 
the testing or exercise training session, or with rest.  There is also a small chance that you 
could be injured during the testing or during the exercise intervention.  Examples might 
include injury from falls while walking; muscle soreness; and joint soreness, especially in 
the ankles, knees, or hip. Muscle and joint soreness are common effects of exercise, 
especially when beginning an exercise program. To minimize the potential of such 
symptoms occurring, the exercise program you will participate in is individualized, or 
based on your current fitness level, and progressive increases in exercise intensity 
(walking duration) are made slowly. Also, there will be continual safety monitoring 
throughout the testing and the exercise program at Wake Forest.  Emergency equipment 
and trained personnel will be available to deal with any unusual situation that may arise.  
Testing and exercise programs similar to the one you may participate in are an integral 
part of the treatment of patients with COPD.  Although experience has shown that the 
testing procedures and exercise programs pose minimal risks, even for severely disabled 
patients, there is no guarantee against injury or illness from unforeseen problems. 
 
The radiation doses that you will receive as a result of participating in this study include 
radiation from the DEXA machine.  The amount of radiation you will receive from each 
DEXA scan is 1.5 millirem.  Total radiation you will receive by participating in this study 
over a 12 month period is 4.5 millirem.  This is equal to slightly more than 1%  (1.25%) 
of the amount of natural background radiation that the average person in the United 
States receives each year.  The annual background radiation the average person receives 
each year in the United States is 360 millirem.  The risk of these procedures is small.  
Other than minimal exposure to radiation, there are no risks associated with DEXA scans.  
Please be aware that this radiation exposure is necessary for this research study only and 
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is not essential for your medical care.  The Wake Forest University/Baptist Medical 
Center’s Radiation Safety Committee, a group of experts on radiation matters, has 
reviewed the use of radiation in this research study and has approved this use as being 
necessary to obtain the research information desired. The potential long-term risk from 
these radiation doses is uncertain, but these doses have never been associated with any 
definite adverse effects.  Thus, the risk to you, if any, is estimated to be slight. 
 
If you are pregnant, there are risks and potential harm to the unborn fetus as a result of 
some of the testing procedures you will undergo.  Therefore, you should not participate in 
this study if you think you are pregnant or may get pregnant during the course of the 
study. 
 

Compensation for participating and liability for injury or illness. 

 
You will not be paid for your participation in this research study nor will you or your 
insurance company be charged any costs for your participation in this study.  If an injury 
or illness occurs as a direct result of your participation in this study, to the extent of 
available research insurance coverage maintained by Wake Forest University School of 
Medicine, usual and customary medical fees for reasonable and necessary treatment of 
such injuries or illnesses will be paid up to a maximum of $25,000.  The insurance policy 
for this coverage is provided by Endurance Specialty Insurance Ltd.  It provides a 
maximum of $25,000 for each claim, and is limited to a total of $250,000 for all claims in 
any one year.  Wake Forest University, the Wake Forest University School of Medicine, 
and The North Carolina Baptist Hospitals, Incorporated do not assume responsibility to 
pay for these medical services or to provide any other compensation for such injury or 
illness.  Additional information may be obtained from the Medical Center's Director of 
Risk and Insurance Management, at 336-716-3467. 
 

Possible benefits from participating in the study. 

 
Programs similar to the ones we will be conducting have been shown to reduce hospital 
admissions, reduce the number of days in the hospital, decrease utilization of health care 
resources, reduce symptoms of COPD, and increase activity and independent living in 
some COPD patients.  The exercise program and laboratory studies are free of charge.  At 
your request, we will provide your doctor with a copy of your breathing and treadmill 
tests.  In addition, you will contribute to our knowledge about chronic obstructive 
pulmonary disease, rehabilitation, and disability associated with pulmonary disease.  
Again, there is no cost to you or to your insurance company for participating in this 
study. 
 

Alternative to participation. 

 
Classes and testing procedures similar to those offered in this study are available in the 
community and usually involve a charge to participants.  The alternative is not to 
participate. 
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Inquiries. 

 
Any questions about the purposes or procedures used in this study are welcome.  If you 
have any doubts or questions, please feel free to ask for further explanations.  Questions 
concerning any of the testing procedures before, during, or following testing should be 
addressed to Dr. Michael Berry at 336-758-5847.  For questions regarding research 
subject rights, you may call the Chairman, Institutional Review Board, at 336-716-4542. 

 

Use, disclosure, and confidentiality of health information. 
 

By taking part in this research study, your personal health information, as well as 
information that directly identifies you, may be used and disclosed.  Information that 
identifies you includes, but is not limited to, such things as your name, address, telephone 
number, and date of birth.  Your personal health information includes all information 
about you which is collected or created during the study for research purposes. It also 
includes your personal health information that is related to this study and that is 
maintained in your medical records at Wake Forest University Baptist Medical Center 
and at other places such as other hospitals and clinics where you may have received 
medical care.  Examples of your personal health information include your health history, 
your family health history, how you respond to study activities or procedures, laboratory 
and other test results, medical images, and information from study visits, phone calls, 
surveys, and physical examinations. 
 
Your personal health information and information that identifies you (“your health 
information”) may be given to others during and after the study. This is for reasons such 
as to carry out the study, to determine the results of the study, to make sure the study is 
being done correctly, to provide required reports and to get approval for new products. 
 
Some of the people, agencies and businesses that may receive and use your health 
information are the National Heart, Lung, and Blood Institute (NHLBI) of the National 
Institutes of Health (the study sponsor); representatives of the sponsor assisting with the 
research; central laboratories, reading centers or analysis centers; the Wake Forest 
University Health Sciences institutional review board; representatives of Wake Forest 
University Health Sciences and North Carolina Baptist Hospital; representatives from 
government agencies such as the Department of Health and Human Services (DHHS) and 
the Federal Office of Human Research Protection; the General Clinical Research Center 
and the Claude D. Pepper Older Americans Independence Center of Wake Forest 
University and their designated investigators; and the members of the Data Safety and 
Monitoring Board (DSMB) established for the study. 
 
Some of these people, agencies and businesses may further disclose your health 
information. If disclosed by them, your health information may no longer be covered by 
federal or state privacy regulations.  Your health information may be disclosed if required 
by law. Your health information may be used to create information that does not directly 
identify you. This information may be used by other researchers. You will not be directly 
identified in any publication or presentation that may result from this study. 
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If this research study involves the treatment or diagnosis of a medical condition, then 
information collected or created as part of the study may be placed in your medical 
record and discussed with individuals caring for you who are not part of the study. This 
will help in providing you with appropriate medical care.  In addition, all or part of your 
research related health information may be used or disclosed for treatment, payment, or 
healthcare operations purposes related to providing you with medical care. 
Laboratory test results and other medical reports created as a result of your participation 
in the research study may be entered into the computer systems of Wake Forest 
University Health Sciences and North Carolina Baptist Hospital.  These will be kept 
secure, with access to this information limited to individuals with proper authority, but 
who may not be directly involved with this research study. 
 
When you sign this consent and authorization form you authorize or give permission for 
the use of your health information as described in the consent form. This authorization 
does not have an expiration date. You can revoke or take away your authorization to use 
and disclose your health information at any time. You do this by sending a written notice 
to the investigator in charge of the study at the following address: 
 

Michael J. Berry, Ph.D., Principal Investigator 

PO Box 7868 

Winston-Salem, NC  27109 

 
If you withdraw your authorization you will not be able to be in this study. If you 
withdraw your authorization, no new health information that identifies you will be 
gathered after that date. Your health information that has already been gathered may still 
be used and disclosed to others. This would be done if it were necessary for the research 
to be reliable. You will not have access to your health information that is included in the 
research study records until the end of the study. 
 

Your rights as a research study participant. 

 
Your participation in this research project is voluntary.  You may choose not to take part 
in this study, or withdraw from participating in this study at any time, without prejudice.  
Refusing to participate or leaving the study will not result in any penalty or loss of 
benefits to which you are entitled. If you do not participate in the study or withdraw from 
the study, your future medical care by the staff of the Wake Forest University Baptist 
Medical Center or your opportunities for employment by any branch of Wake Forest 
University will not be affected. 
 
If you decide to leave the study (that is, discontinue in the study group you may be 
randomly assigned to AND refuse all testing procedures), you are encouraged to talk to 
the study investigators or staff first to learn about any potential health or safety 
consequences.  You should notify the study project manager if you decide to stop 
participating in the study, either by telephone, (336) 758-4705, or by written letter 
addressed to: 
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REACT Project Manager 
PO Box 7868 
Reynolda Station 
Winston-Salem, NC  27109 
 
The study investigators also have the right to stop your participation in the study at any 
time.  This could be because it is in your best medical interest, your medical condition(s) 
worsened, new information about the study interventions or testing procedures becomes 
available, or because the entire study has been stopped.  Also, you will be given any new 
information that we become aware of that would affect your willingness to continue to 
participate in the study. 
 

Consent. 

 
I understand that I will be given a signed copy of this consent form. 
 
I agree to take part in this study. I authorize the use and disclosure of my health 
information as described in this consent and authorization form.  If I have not already 
received a copy of the Privacy Notice, I may request one or one will be made available to 
me.  I have had a chance to ask questions about being in this study and have those 
questions answered.   By signing this consent and authorization form, I am not releasing 
or agreeing to release the investigator, the sponsor, the institution or its agents from 
liability for negligence. 
 
Further,  I DO  _____ 
                 
  I DO NOT  _____ 
 
agree to have my blood stored and used for DNA sampling and other IRB approved 
studies authorized by the Principal Investigator. 
  
 
         
Printed Name of Participant     
 
 
             
Signature of Participant      Date 
 
 
             
Signature of Witness       Date 
 
 
             
Signature of Person Administering Consent    Date 
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Appendix B – CONSENT FORM Strength Training and ACE I/D Genotype in Patients 

with Chronic Obstructive Pulmonary Disease 

                                                                            WAKE FOREST 
 U N I V E R S I T Y  

  School of Medicine   

  Health & Exercise Science 
         Department 

 
WAKE FOREST UNIVERSITY SCHOOL OF MEDICINE 

CONSENT FORM 

 

Strength Training and ACE I/D Genotype in Patients with 

Chronic Obstructive Pulmonary Disease 

 
Principal Investigator: Michael Berry, Ph.D. 

Sponsor: National Institute on Aging 
 
You are being invited to participate in a research study to determine the effects of a 
strength training exercise program (weight lifting) in older adults with shortness of breath 
and chronic lung problems.  Please read this form and ask any questions you may have 
before you agree to be in the study.  If there are words you do not understand in this 
form, please ask and the study staff will explain them to you.  If you would like the study 
staff to read this form to you, please ask and they will be happy to do so. 
 

Introduction & Background Information. 

 
People with chronic lung problems, such as chronic bronchitis or emphysema, often lose 
arm and leg muscle mass and are weaker.  The purpose of this research study is to find 
out what effect strength training (weight lifting) has on muscle strength and how easily 
you can do everyday things.   We are also studying certain genes.  Genes are pieces of 
your genetic material that determine many things like your hair color or how tall you are. 
We think genes may determine how you respond to exercise, too.  The gene we are 
studying is the angiotensin converting enzyme (ACE) gene. People have different forms 
of this gene.  Recently there has been some research to suggest that people with one form 
of ACE genes (the DD genotype) may get more benefits from strength training; people 
with another form of ACE genes (the II genotype) may get more benefits from aerobic 
type training (walking, cycling, swimming).  We want to compare the differences in 
muscular strength following a four month strength training exercise program between 
people with COPD with the DD genotype and those with the II genotype. We can tell 
what your genotype is by doing tests on your blood.   
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Number of People Who Will take Part in this Study 

 
A total of 32 people will take part in this study.  The study will take place at the Geriatric 
Research Center (GRC) and the General Clinical Research Center (GCRC) at Wake 
Forest University Health Sciences, the Department of Health and Exercise Science at 
Wake Forest University and at the Clinical Research Center near Wake Forest University. 
 

How the study works. 

 
If you agree to be in this study, you will have four screening visits to find out if you 
qualify to be in the study.  If you do qualify for the study, you will begin the strength 
training exercise program.  After you finish the four months of the strength training 
exercise program, you will come back for three follow-up visits.  
  
This is what you can expect at the screening visits. 

 

Screening Visit 1 at the Sticht Center, Wake Forest University Medical Center: 
 

• You will learn about the study in more detail.  You will be given time to ask 
questions about the study and have them answered.  You will be asked to sign this 
informed consent form if you are interested in participating in the study.   

• You will complete a breathing test where we have you blow into a tube as hard 
and as fast as you can for 10 to 15 seconds.  This is to see if you qualify for the 
study.   

• If you do qualify for the study based on the breathing test, you will complete 
some questionnaires to give us some background information about you.   

• You will have about one tablespoon of blood drawn so we can find out your ACE 
genotype. We will call you in about 1 week to let you know the results of the 
blood test. If you have one of the ACE genotypes we are studying, we will 
schedule Screening Visit 2.  If you do not have one of the ACE genotypes we are 
studying, you cannot be in this study.  If you have had your ACE genotype 
determined before and know your ACE genotype, we will not need to collect 
blood from you at this visit.   

• After the blood draw, you will have a snack.  This visit will take about an hour 
and a half. 

 
Screening Visit 2 at the Human Performance Lab, Wake Forest University: 
   

• You will be asked to complete a questionnaire asking about how easily you can 
do everyday activities and to perform more breathing tests.  

• A doctor will give you a short exam to help us decide if it is safe for you to be in 
the study.   

• You will have a Graded Exercise Test to make sure it is safe for you to be in an 
exercise program.  During this test, you will walk on a treadmill while breathing 
through a mouthpiece (similar to a scuba diving mouthpiece).  You will have 
sticky pads with wires attached to your chest so that we can watch your heart beat. 
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You will wear a blood pressure cuff so that we can take your blood pressure 
during the test. Every two minutes the treadmill will go a little faster and be raised 
(so that you are walking uphill) until you can’t walk anymore and want to stop   

• This visit will take about an hour and a half. 

• If you are still eligible and want to participate, you will be asked to come back for 
a third screening visit. 

 
Screening Visit 3 at the Human Performance Lab, Wake Forest University: 
 

• You will answer some questionnaires asking about your quality of life.   

• We will test the strength of your hands by having you grip and squeeze a device 
called a dynamometer.  We will test the strength of your knee and leg by having 
you sit in a special chair and push and pull against it with your leg.     

• You will also complete some physical performance tests.  

• We will measure how far you can walk in six minutes. 

• We will measure how fast you walk by asking you to walk at your normal pace 
for 15 to 20 yards (about 50 feet).  You will do this test two times.  

• We will measure how fast you can stand up from and sit down in a chair.  

• We will test your balance by asking you to stand with your feet in different 
positions.   

• This visit will take about an hour and a half.  

• If you still want to participate, you will be asked to return for a fourth screening 
visit.   

 
Screening Visit 4 at the Sticht Center, Wake Forest University Medical Center: 
 

• You will come fasting for at least 12 hours (nothing to eat or drink except water). 

• You will have a whole body DEXA (dual energy x-ray absorptiometry) scan. A 
DEXA scan is a painless scan of your body that measures how much bone, fat, 
and muscle you have.  You will lie on a padded table while the scanner moves 
over your body.   

• You will have a CT (computed tomography) scan of your thigh.  A CT is a 
painless scan that will measure the amount of muscle and fat in your thigh.  For 
this scan, you will lie on a table that moves into the scanner. 

• You will have about 3 tablespoons of blood drawn. We will freeze some of your 
blood sample for future research.  

• You will have a muscle sampling procedure.   
o To reduce the chance of bleeding, you cannot take aspirin, certain other pain 

relievers (like ibuprofen, Motrin™, Advil™, Aleve™) or other medications 
that may affect bleeding, platelets, or bruising for 1 week before and for 3 
days after the procedure.  It is OK to use acetaminophen (Tylenol™ or Extra-
strength Tylenol™).   

o You will also be asked to avoid strenuous physical activity for 36 hours before 
and after the procedure.   
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o The skin of one of your thighs will be thoroughly cleaned and a local 
anesthetic (numbing medicine similar to what a dentist uses) will be used to 
numb your skin first and then your thigh muscle. After the numbing medicine 
takes effect, a very small incision (1/4 inch long) will be made in the skin of 
your thigh and a needle inserted to remove a small piece of muscle (about the 
size of a small pea).  Sometimes, the doctor doesn’t get enough muscle tissue 
the first time and will ask if you will allow the needle to be inserted for a 
second try.   

o After the needle is removed, the doctor will apply pressure to your leg to 
prevent bleeding into the tissue and will close the incision with small pieces of 
sterile tape.  This muscle sample will be frozen and stored so that we can later 
study it to measure factors that affect muscle function, strength, endurance, 
and metabolism.   

• You will be given a snack after the sampling and blood draw.  This visit will take 
about 2 hours. 

• You cannot be in the study if you refuse to have this muscle sampling procedure. 
 
After the fourth screening visit, you will participate in a strength training exercise 
program which is described below.   
 
This is what you can expect at the exercise program 

 
Once you have completed all of your screening visits, you will then begin your 16 week 
program of strength exercise training.  You will come to the Clinical Research Center 
located near Wake Forest University 3 days per week for about one hour. This is what 
will happen at each session:  

• Your heart rate and blood pressure will be measured.  

• You will warm-up by walking or cycling on a stationery bicycle for 3 to 5 
minutes at a slow pace.   

• You will do some flexibility (stretching) exercises for about 5 minutes.   

• You will lift weights for about 45 minutes.  During this time you will do weight 
lifting exercises using all parts of your body.  You will do 8 exercises, and each 
exercise will be done 6 to 8 times (repetitions).  At first, you will do each exercise 
6 to 8 times only once (1 set).  As you get stronger, you will be asked to increase 
the number of sets that you do, until you can do 3 sets of 6 to 8 repetitions of each 
exercise.  From time to time we will test your strength on the different exercises 
and change your workout based on how well you do on the tests.  

 
This is what you can expect at the follow-up visits   

 
After you finish the 16 week exercise program you will have follow-up testing done.  
These visits will be done over three days and will be very similar to the screening visits. 
You will answer questionnaires about your activities and perform exercise tests.  You 
will also have another DEXA and CT scan done and another sampling of your leg 
muscle.  
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Risks and discomfort. 

 
The risks of the testing you will have are very small.  Each testing procedure will be 
explained to you in detail by the staff before it happens.  If you have any side effects or 
health problems during your participation of this study, you should immediately contact 
Dr. Berry at 336-758-5847.   
Breathing Tests - You may experience some tightness in your chest or short bouts of 
coughing.  If you do experience this tightness, it usually improves a few minutes after 
completing the test.  Coughing usually is temporary and can be relieved by drinking some 
water. 
 
Blood Draw - There is a small amount of pain sometimes when your blood is drawn.  
There is a small risk of bruising and/or infection at the site of the blood draw.  
Occasionally some people become dizzy, lightheaded or feel faint. Infection may occur 
on rare occasions.  Only trained staff will collect blood samples.  All DNA samples are 
coded and personal information that identifies your sample is kept in a locked file by the 
investigators.  The results will not be given to you, your physician, family members, or 
others.  It will not be included in the medical records, or made available to anyone other 
than the investigators.  Once we have tested your samples for this study as described 
above, your samples will be “de-identified” which means that the link between the code 
on the sample and your personal information will be destroyed. 
 
Treadmill Test, Strength Tests, Physical Function Tests and Exercise Program - There is 
a very small chance (1 in 10,000) that you could suffer a heart attack during the testing 
procedures or during the exercise program.  You may experience increased shortness of 
breath while doing some of the exercise testing procedures, such as the walking test on 
the treadmill and the physical performance tests.  This shortness of breath should improve 
at the end of the testing or exercise training session, or with rest.  There is also a small 
chance that you could be injured during the testing or during the exercise intervention.  
Examples might include injury from falls while walking or doing the balance test, muscle 
soreness, and joint soreness. Muscle and joint soreness are common effects of exercise, 
especially when beginning an exercise program.  To prevent or lessen the muscle and 
joint soreness, the exercise program will be tailored to your current fitness level, and we 
will increase the amount of weight you lift slowly as you get stronger.  Also, our trained 
staff will watch you very carefully during the testing and the exercise program at Wake 
Forest.  Emergency equipment and trained personnel will be available to deal with any 
unusual situation that may arise.  Testing and exercise programs like this one are an 
important part of the treatment of patients with COPD.  Although our experience has 
shown that the testing procedures and exercise programs are low risk, even for severely 
disabled patients, there is no guarantee against injury or illness from problems we can’t 
predict.  During the treadmill test, strength tests, physical function tests and the exercise 
program, there is a chance that the amount of oxygen in your blood may decrease.  
Because of this, we will monitor the amount of oxygen in your blood using a devise that 
has a clip that fits over the top of your finger.  If the amount of oxygen in your blood 
begins to decrease, we will stop the testing and/or the exercise.  You will be advised to 
talk with your personal physician to obtain supplemental oxygen.  If you are already 
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prescribed supplemental oxygen, you will be advised to consult with your personal 
physician to increase the amount you get. 
 
CT and DEXA Scan - This research study involves exposure to radiation from two 
whole-body DEXA scans and two CT scans of the thigh. The risk of these procedures is 
small and is similar to that received from clinical x-ray and nuclear medicine studies. The 
amount of radiation exposure that you will receive from these procedures is equivalent to 
a uniform whole body exposure of 226 millirem. This is equal to 0.75 times the amount 
of background radiation that the average person in the United States receives each year 
(annual background = 300 millirem).  Other than minimal exposure to radiation, there are 
no risks associated with the CT or DEXA scans.  Please be aware that this radiation 
exposure is necessary for this research study only and is not essential for your medical 
care.  The Wake Forest University Baptist Medical Center’s Radiation Safety Committee, 
a group of experts on radiation matters, has reviewed the use of radiation in this research 
study and has approved this use as being necessary to obtain the research information 
desired. The potential long-term risk from these radiation doses is uncertain, but these 
doses have never been associated with any definite adverse effects.  Thus, the risk to you, 
if any, is estimated to be slight.  
 
Muscle Biopsy - The numbing medicine injected into your muscle will reduce the 
discomfort felt during removal of the small muscle sample.  Temporary numbness of the 
skin near the sampling site can rarely occur, and very rarely, this numbness can persist.  
Bruising can occur.  You may feel pain or soreness in the area of the sampling after the 
local anesthetic wears off.  There is a slight risk of bleeding into the tissue and infection 
however, pressure is applied to stop the bleeding and this procedure is done under sterile 
conditions to protect against infection.  You will be given instructions on how to care for 
the incision and treat any pain or discomfort before you leave the clinic.  A very small 
scar (1/4 inch) may develop.  If you are allergic to the local anesthetic, you may 
experience dizziness, anxiousness, numbness of the lips and tightness of the throat.  
Medications to treat your reaction are kept close by if needed.  If you are allergic or 
sensitive to the adhesive tape, you may experience skin irritation or a rash where the tape 
was applied.  These reactions go away within a short time. 
 
Taking part in this research study may mean that you give us information that is 
confidential or private.  We will use a code to identify your research records, keep your 
research records locked up and allow only approved people who are working on this 
research to see your records so that we can keep your information safe. 
 
A Safety Committee, an independent group of experts, will be reviewing safety 
information from this research throughout the study. 
 

Possible benefits from participating in the study. 

 
If you agree to take part in this study, there may or may not be direct benefit to you. We 
hope the information learned from this study will benefit other people in the future.  You 
will receive health and medical screening examinations and the results will be discussed 
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with you.  Programs like this one have been shown to increase strength and the ability to 
perform certain everyday activities in healthy older adults.  The exercise program and all 
testing are free of charge.  At your request, we will provide your doctor with a copy of 
your breathing, treadmill, and DEXA tests.  In addition, you will add to what we know 
about chronic obstructive pulmonary disease, rehabilitation, and disability.  
 

Alternative to participation. 

 
This is not a treatment study. Your alternative is not to participate. 
 

What Are the Costs? 

 
There are no costs to you or your insurance company for taking part in this study. All the 
study costs, including the costs of testing and the exercise program, will be paid for by 
the study. Costs for your regular medical care, which are not related to this study, will be 
your own responsibility.  
 

Who is Sponsoring this Study? 

 
This study is being sponsored by the National Institutes of Health. The sponsor is 
providing money or other support to Wake Forest University Health Sciences to help 
conduct this study. The researchers do not, however, hold a direct financial interest in the 
sponsor. 
 

Compensation for Study Participation 

 
You will be compensated $50 for your time and travel after the completion of each 
muscle sampling.  There will be two muscle samplings, so you will receive a total of 
$100. You will receive your compensation by check that will be mailed to you after each 
procedure.   
 
To receive payment, you must provide your social security number, name and address so 
that we can comply with IRS (Internal Revenue Service) reporting requirements.  When 
payments are reported to the IRS we do not let them know what the payment is for, only 
that you have been paid.  If you do not wish to provide this information you can still take 
part in this study but you will not be paid. 
 

Use and Storage of Blood and Tissue Samples 

 
You will have your blood drawn twice.  The samples will be stored for up to 20 years 
under the supervision of Dr. Barbara Nicklas at the Central Blood Repository at Wake 
Forest University School of Medicine in Winston-Salem, NC.  The samples will be used 
in the future by researchers chosen by the study investigators to better understand how 
factors in your blood relate to physical health, mood, memory and attention, and your 
responses to the group program.  Your name, address, phone number and other personal 
information will not be disclosed to these researchers.   
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By consenting to participate, you authorize the use of your blood and tissue samples for 
the research described above. The results from future tests will only be used for research 
purposes and will not be given to you or to your physician.  It is very unlikely, but, if 
future testing of your stored sample has commercial value, you would not share in any 
profits that occur.  You cannot be in this research study if you don’t agree to long-term 
storage of your blood and tissue samples. 
 

Significant Findings 

 
We will tell you about any important findings that happen during this study that could 
change your mind about participating.   
 

Compensation for research-related injury. 

 
Should you experience a physical injury or illness as a direct result of your participation 
in this study, Wake Forest University School of Medicine maintains limited research 
insurance coverage for the usual and customary medical fees for reasonable and 
necessary treatment of such injuries or illnesses. To the extent research insurance 
coverage is available under this policy the reasonable costs of these necessary medical 
services will be paid, up to a maximum of $25,000. Wake Forest University Baptist 
Medical Center holds the insurance policy for this coverage. It provides a maximum of 
$25,000 coverage for each claim and is limited to a total of $250,000 for all claims in any 
one year. The Wake Forest University School of Medicine, and the North Carolina 
Baptist Hospitals, Incorporated do not assume responsibility to pay for these medical 
services or to provide any other compensation for such injury or illness. Additional 
information may be obtained from the Medical Center’s Director of Risk and Insurance 
Management, at (336) 716-3467. 
 
You do not give up any legal rights as a research participant by signing this consent form. 
For more information on medical treatment for research related injuries or to report a 
study related illness, adverse event, or injury you should call Michael Berry at 336-758-
5847 (days) or 336-946-2098 (evenings).   
 

Questions 

 
Any questions about this study are welcome.  If you have any doubts or questions, please 
feel free to ask for more information.  If you have questions about any of the testing 
procedures before, during, or following testing or the exercise program, you may call Dr. 
Michael Berry at 336-758-5847 (days) or 336-946-2098 (evenings).  For questions 
regarding research subject rights, you may call the Chairman, Institutional Review Board, 
at 336-716-4542. 
 

Use, disclosure, and confidentiality of health information. 

 
By taking part in this research study, your personal health information, as well as 
information that directly identifies you, may be used and disclosed.  Information that 
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identifies you includes, but is not limited to, such things as your name, address, telephone 
number, and date of birth.  Your personal health information includes all information 
about you which is collected or created during the study for research purposes. It also 
includes your personal health information that is related to this study and that is 
maintained in your medical records at this institution and at other places such as other 
hospitals and clinics where you may have received medical care.  Examples of your 
personal health information include your health history, your family health history, how 
you respond to study activities or procedures, laboratory and other test results, medical 
images, photographs/videotapes/audiotapes and information from study visits, phone 
calls, surveys, and physical examinations. 
 
Your personal health information and information that identifies you (“your health 
information”) may be given to others during and after the study. This is for reasons such 
as to carry out the study, to determine the results of the study, to make sure the study is 
being done correctly, to provide required reports and to get approval for new products.   
 
Some of the people, agencies and businesses that may receive and use your health 
information are the National Institute on Aging of the National Institutes of Health which 
funds this project through the Claude D. Pepper Older Americans Independence Center, 
the research sponsor; representatives of the sponsor assisting with the research; 
investigators at other sites who are assisting with the research; central laboratories, 
reading centers or analysis centers; the Institutional Review Board; representatives of 
Wake Forest University Health Sciences and North Carolina Baptist Hospital; the 
General Clinical Research Center of Wake Forest  University and their designated 
investigators; and the members of the Data Safety and Monitoring Board established for 
the study. 
 
Some of these people, agencies and businesses may further disclose your health 
information. If disclosed by them, your health information may no longer be covered by 
federal or state privacy regulations.  Your health information may be disclosed if required 
by law. Your health information may be used to create information that does not directly 
identify you. This information may be used by other researchers. You will not be directly 
identified in any publication or presentation that may result from this study unless there 
are photographs or recorded media which are identifiable. 
 
If this research study involves the treatment or diagnosis of a medical condition, then 
information collected or created as part of the study may be placed in your medical 
record and discussed with individuals caring for you who are not part of the study. This 
will help in providing you with appropriate medical care.  In addition, all or part of your 
research related health information may be used or disclosed for treatment, payment, or 
healthcare operations purposes related to providing you with medical care. 
 
Laboratory test results and other medical reports created as a result of your participation 
in the research study may be entered into the computer systems of Wake Forest 
University Health Sciences and North Carolina Baptist Hospital.  These will be kept 
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secure, with access to this information limited to individuals with proper authority, but 
who may not be directly involved with this research study. 
 
A North Carolina Baptist Hospital (NCBH) medical record will be created for all study 
participants. Information about your participation in the study will be placed in the 
NCBH medical record, along with any routine medical test results that were obtained at 
NCBH as part of this study.  
 
When you sign this consent and authorization form you authorize or give permission for 
the use of your health information as described in the consent form. You can revoke or 
take away your authorization to use and disclose your health information at any time. 
You do this by sending a written notice to the investigator in charge of the study at the 
following address: Michael Berry, Ph.D., Department of Health and Exercise Science, PO 
Box 7868, Wake Forest University, 
Winston-Salem, NC 27109-7868 
 
If you withdraw your authorization you will not be able to be in this study. If you 
withdraw your authorization, no new health information that identifies you will be 
gathered after that date. Your health information that has already been gathered may still 
be used and disclosed to others. This would be done if it were necessary for the research 
to be reliable. You will not have access to your health information that is included in the 
research study records until the end of the study. 
 
This authorization is valid for five years after the completion of the study or a total of six 
years, whichever is longer. 
 

Your rights as a research study participant. 

 
Your participation in this research study is voluntary.  You may choose not to take part in 
this study, or withdraw from participating in this study at any time.  Refusing to 
participate or leaving the study will not result in any penalty or loss of benefits to which 
you are entitled. If you do not participate in the study or withdraw from the study, your 
future medical care by the staff of the Wake Forest University Baptist Medical Center or 
your opportunities for employment by any branch of Wake Forest University will not be 
affected. 
 
If you decide to leave the study, you should talk to the study investigators or staff first to 
make sure there are no safety concerns.  You should tell the study project manager if you 
decide to leave the study, either by telephone, (336) 758-4705, or by written letter 
addressed to: Strength Training and COPD Project Manager, PO Box 7868, Reynolda 
Station, Winston-Salem, NC  27109. 
 
The study staff also has the right to stop your participation in the study at any time.  This 
could be because it is in your best medical interest, your medical condition worsened, we 
find out new information about the study interventions or testing procedures, or because 



 

72 
 

the entire study has been stopped.  Also, if we find out something that might change your 
mind about being in the study, we will tell you about it.   
 

Test Results.  

 
We can send copies of your test results to your personal physician. If you don’t want us 
to send any of your results to your physician, you can still be in this research study.  
 
Do you want us to send important medical findings from your study tests/exams to your 
personal physician?  
 
[   ] Yes [   ] No  ___________ Initials 
 
Consent. 
I will be given a signed copy of this consent form. 
 
I agree to take part in this study. I authorize the use and disclosure of my health 
information as described in this consent and authorization form.  If I have not already 
received a copy of the Privacy Notice, I can ask for one or one will be made available to 
me.  I have had a chance to ask questions about being in this study and have those 
questions answered.   By signing this consent and authorization form, I am not releasing 
or agreeing to release the investigator, the sponsor, the institution or its agents from 
liability for negligence. 
 
         
Printed Name of Participant     
 
 
             
Signature of Participant      Date/Time 
 
 
             
Signature of Person Administering Consent    Date/Time 
 
 
 
 



PID .................................  
 Acrostic: ........................  
 Visit code: .....................  
 Administration date: .....  
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Appendix C – Medical Outcomes Study 36 Item Short Form Questionnaire 

 

Instructions for Completing the Questionnaire       

 

Please answer every question.  Some questions may look like others, but each one is 
different.  Please take the time to read and answer each question carefully by placing a 
check mark or “X” in the box that best represents your response. 
 
EXAMPLE 

 

This is for your review.  Do not answer this question.  The questionnaire begins with the 
section Your Health in General below. 
 
1. How strongly do you agree or disagree with each of the following statements? 
 
                                                   Strongly     Agree      Uncertain     Disagree   Strongly 
  agree                                                             disagree 
 
 a) I enjoy listening to music      

 b) I enjoy reading magazines      

 

Please begin answering the questions now. 

  
 
 
 
1. In general, would you say your health is: 

    Excellent             Very good              Good                   Fair                Poor 
      
 
2. Compared to one year ago, how would you rate your health in general now? 

 Much better       Somewhat better     About the          somewhat      Much worse 
now than one        now than one       same as one     worse now than    now than one 
    year ago               year ago              year ago          one year ago       year ago 
      
 
Please turn the page to continue. 
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3. The following items are about activities you might do during a typical day.  Does 
your health now limit you in these activities?  If so, how much? 
     Yes,         Yes,     No, not 
                                                                                                     limited     limited      limited 
                                                                                                       a lot        a little         at all 

 a) Vigorous activities, such as running, lifting heavy  
  objects, participating in strenuous sports .........................  ..........  ..........  

 b) Moderate activities, such as moving a table, pushing a 
  vacuum cleaner, bowling, or playing golf ........................  ..........  ..........  

 c) Lifting or carrying groceries .............................................  ..........  ..........  

 d) Climbing several flights of stairs ......................................  ..........  ..........  

 e) Climbing one flight of stairs .............................................  ..........  ..........  

 f) Bending, kneeling, or stooping .........................................  ..........  ..........  

 g) Walking more than a mile ................................................  ..........  ..........  

 h) Walking several blocks ....................................................  ..........  ..........  

 i) Walking one block ............................................................  ..........  ..........  

 j) Bathing or dressing yourself .............................................  ..........  ..........  
 

4. During the past 4 weeks, have you had any of the following problems with your work 
or other regular daily activities as a result of your physical health? 

   Yes No 

 a) Cut down on the amount of time you spent on work   
  or other activities ..................................................................  ..................  

 b) Accomplished less than you would like ...............................  ..................  

 c) Were limited in the kind of work or other activities .............  ..................  

 d) Had difficulty performing the work or other activities.........  ..................  
  (for example, it took extra time) 

 

5. During the past 4 weeks, have you had any of the following problems with your work 
or other regular daily activities as a result of any emotional problems (such as feeling 
depressed or anxious)? 

   Yes No 

 a) Cut down on the amount of time you spent on work   
  or other activities ..................................................................  ..................  

 b) Accomplished less than you would like ...............................  ..................  

 c) Didn't do work or other activities as carefully as usual ........  ..................  
Please turn the page to continue. 
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6. During the past 4 weeks, to what extent has your physical health or emotional 
problems interfered  ....................................................................... with  . your normal social 
activities with family, friends, neighbors, or groups? 
    Not at all                  Slightly                 Moderately           Quite a bit           Extremely 
      
 
7. How much bodily pain have you had during the past 4 weeks? 

  None              Very mild           Mild              Moderate         Severe        Very severe 
        
 
8. During the past 4 weeks, how much did pain interfere with your normal work 
(including both work  outside the home and housework)? 

 Not at all              A little bit               Moderately             Quite a bit          Extremely 
       
 

9. These questions are about how you feel and how things have been with you during 
the past 4 weeks.  For each question, please give the one answer that comes closest to the 
way you have been feeling.  How much of the time during the past 4 weeks... 

                                                All of          Most A good Some A little None 
                                                      the of the bit of of the of the of the 
                                                     time time the time time time time 

a) did you feel full of pep?.................  ..........  .........  .........  .........  .........  

b) have you been a nervous person?...  ..........  .........  .........  .........  .........  

c) have you felt so down in the dumps 
    nothing could cheer you up?..........  ..........  .........  .........  .........  .........  

d) have you felt calm and peaceful?...  ..........  .........  .........  .........  .........  

e) did you have a lot of energy?.........  ..........  .........  .........  .........  .........  

f) have you felt downhearted & blue?  ..........  .........  .........  .........  .........  

g) did you feel worn out?....................  .........  .........  .........  .........  .........  

 h) have you been a happy person?  .........  .........  .........  .........  .........  

 i) did you feel tired?.....................  .........  .........  .........  .........  .........  
 

10. During the past 4 weeks, how much of the time has your physical health or emotional 
problems interfered with your social activities (like visiting friends, relatives, etc.)? 

 All of the            Most of the            Some of the        A little of the          None of the 
    time                      time                         time                       time                     time 
       
Please turn the page to continue. 
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11. How TRUE or FALSE is each of the following statements for you? 
 
                                                        Definitely     Mostly     Don't      Mostly    Definitely 
                                                                 true            true        know        false false 

  
 a) I seem to get sick a little easier than 
  other people ......................................  ...........  ..........  ..........  ..........  

 b) I am as healthy as anybody I know ..  ...........  ..........  ..........  ..........  

 c) I expect my health to get worse ........  ...........  ..........  ..........  ..........  

 d) My health is excellent .......................  ...........  ..........  ..........  ..........  

 
 

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE! 
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Appendix D – Chronic Respiratory Disease Questionnaire 

CHRONIC RESPIRATORY DISEASE INDEX QUESTIONNAIRE (CRQ) 

RESPONSE FORM 

BASELINE ADMINISTRATION, 7 POINT SCALE 

 
This questionnaire is designed to find out how you have been feeling during the last 2 weeks.  
You will be asked about how short of breath you have been, how tired you have been feeling, and 
how your mood has been. 
 
1. I would like you to think of the activities that you have done during the last 2 weeks that have 

made you feel short of breath.  These should be activities which you do frequently and which 
are important in your day-to-day life.  Please list as many activities as you can that you have 
done during the last 2 weeks that have made you feel short of breath. 

 
 [CIRCLE THE NUMBER ADJACENT TO EACH ACTIVITY MENTIONED BELOW.  IF 

AN ACTIVITY MENTIONED IS NOT ON THE LIST, WRITE IT IN, IN THE 
RESPONDENT'S OWN WORDS, IN THE SPACE PROVIDED]. 

 
1. BEING ANGRY OR UPSET 14. PLAYING SPORTS 
2. HAVING A BATH OR SHOWER 15. PREPARING MEALS 
3. BENDING 16. REACHING OVER YOUR HEAD 
4. CARRYING, SUCH AS CARRYING 
GROCERIES 

17. RUNNING, SUCH AS FOR A BUS 

5. DRESSING 18. SHOPPING 
6. EATING 19. WHILE TRYING TO SLEEP 

7. GOING FOR A WALK 20. TALKING 
8. DOING YOUR HOUSEWORK 21. VACUUMING 
9. HURRYING 22. WALKING AROUND YOUR OWN  

HOME 
10. MAKING A BED 23. WALKING UPHILL 
11. MOPPING OR SCRUBBING THE FLOOR 24. WALKING UPSTAIRS 
12. MOVING 
 FURNITURE 

25. WALKING WITH OTHERS ON LEVEL 
 GROUND 

13. PLAYING WITH CHILDREN OR 
 GRANDCHILDREN 

 

  
OTHER ACTIVITIES:  

  

  

  

  

  

 

Can you think of any other activities you have done during the last 2 weeks that have made you 
feel short of breath? 

 [RECORD ADDITIONAL ITEMS] 
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2. I will now read a list of activities which make some people with breathing problems feel short 
of breath.  I will pause after each item long enough for you to tell me if you have felt short of 
breath doing that activity during the last 2 weeks.  If you haven't done the activity during the 
last 2 weeks, just answer "NO".  The activities are: 

 
 [READ THE ITEMS FROM THE LIST ON PAGE 1, OMITTING THOSE WHICH THE 

RESPONDENT HAS VOLUNTEERED SPONTANEOUSLY.  PAUSE AFTER EACH 
ITEM TO GIVE THE RESPONDENT A CHANCE TO INDICATE WHETHER HE/SHE 
HAS BEEN SHORT OF BREATH WHILE PERFORMING THAT ACTIVITY DURING 
THE LAST 2 WEEKS.  CIRCLE THE NUMBER ADJACENT TO THE APPROPRIATE 
ITEMS ON PAGE 1]. 

 
 
3a. Of the items which you have listed, which is the most important to you in your day-to-day 

life?  I will read through the items, and when I am finished, I would like you to tell me which 
is the most important. 

 
 [READ THROUGH ALL THE ITEMS SPONTANEOUSLY VOLUNTEERED AND 

THOSE FROM THE LIST WHICH THE RESPONDENT MENTIONED]. 
 
 Which of these items is most important to you in your day-to-day life? 
 
 Activity 3a)   
 
 
3b. Of the remaining items, which is the most important to you in your day-to-day life?  I will 

read through the items, and when I am finished, I would like you to tell me which is the most 
important. 

 
 [READ THROUGH REMAINING ITEMS]. 
 

 Activity 3b)   
 
 
3c. Of the remaining items, which is the most important to you in your day-to-day life? 
 

 Activity 3c)   
 
 
3d. Of the remaining items, which is the most important to you in your day-to-day life? 
 

 Activity 3d)   
 
 
3e. Of the remaining items, which is the most important to you in your day-to-day life? 
 

 Activity 3e)   
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[FOR ALL SUBSEQUENT QUESTIONS, ENSURE RESPONDENTS HAVE APPROPRIATE 
RESPONSE CARD IN FROM OF THEM BEFORE STARTING QUESTIONS.  MARK 
RESPONDENTS' ANSWERES BY CIRCLING THE APPROPRIATE NUMBER ON EACH 
SCALE]. 
 
4. I would now like you to describe how much shortness of breath you have experienced during 

the last 2 weeks while doing each of the five most important activities you have selected. 
 
 [USE GREEN CARD FOR ITEMS 4a THROUGH 4e]. 
 
a. Please indicate how much shortness of breath you have had during the last 2 weeks while 

[INSERT ACTIVITY LISTED IN 3a] by choosing one of the following options from the 
green card in front of you. 

 
  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 
 
b. Please indicate how much shortness of breath you have had during the last 2 weeks while 

[INSERT ACTIVITY LISTED IN 3b] by choosing one of the following options from the 
green card in front of you. 

 
  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 
 
c. Please indicate how much shortness of breath you have had during the last 2 weeks while 

[INSERT ACTIVITY LISTED IN 3c] by choosing one of the following options from the 
green card in front of you. 

 
  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
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d. Please indicate how much shortness of breath you have had during the last 2 weeks while 

[INSERT ACTIVITY LISTED IN 3d] by choosing one of the following options from the 
green card in front of you. 

 
  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 
 
e. Please indicate how much shortness of breath you have had during the last 2 weeks while 

[INSERT ACTIVITY LISTED IN 3e] by choosing one of the following options from the 
green card in front of you. 

 
  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 
 
5. In general, how much of the time during the last 2 weeks have you felt frustrated or impatient?  

Please indicate how often during the last 2 weeks you have felt frustrated or impatient by 
choosing one of the following options from the blue card in front of you. 

 
 [USE BLUE CARD] 
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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6. How often during the past 2 weeks did you have a feeling of fear or panic when you had 

difficulty getting your breath?  Please indicate how often you had a feeling of fear or panic 
when you had difficulty getting your  breath by choosing one of the following options from the 
blue card in front of you. 

  
 [USE BLUE CARD] 
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 
 
7. What about fatigue?  How tired have you felt over the last 2 weeks?  Please indicate how tired 

you have felt over the last 2 weeks by choosing one of the following options from the orange 
card in front of you. 

 
 [USE ORANGE CARD] 
  1 EXTREMELY TIRED 
  2 VERY TIRED 
  3 QUITE A BIT OF TIREDNESS 
  4 MODERATELY TIRED 
  5 SOMEWHAT TIRED 
  6  A LITTLE TIRED 
  7 NOT AT ALL TIRED 
 
 
8. How often during the past 2 weeks have you felt embarrassed by your coughing or heavy 

breathing?  Please indicate how much of the time you felt embarrassed by your coughing or 
heavy breathing by choosing one of the following options from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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9. In the last 2 weeks how much of the time did you feel very confident and sure that you could 

deal with your shortness of breath?  Please indicate how much of the time you felt very 
confident and sure that you could deal with your shortness of breath by choosing one of the 
following options from the yellow card in front of you. 

 
 [USE YELLOW CARD] 
  1 NONE OF THE TIME 
  2 A LITTLE OF THE TIME 
  3 SOME OF THE TIME 
  4  A GOOD BIT OF THE TIME 
  5 MOST OF THE TIME 
  6 ALMOST ALL OF THE TIME 
  7 ALL OF THE TIME 
  

 
10. How much energy have you had in the last 2 weeks?  Please indicate how much energy you 

have had by choosing one of the following options from the pink card in front of you. 
 
 [USE PINK CARD] 
  1 NO ENERGY AT ALL 
  2 A LITTLE ENERGY 
  3 SOME ENERGY 
  4 MODERATELY ENERGETIC 
  5 QUITE A BIT OF ENERGY 
  6  VERY ENERGETIC 
  7 FULL OF ENERGY 
 

 
11. In general, how much of the time did you feel upset, worried, or depressed during the last 2 

weeks?  Please indicate how much of the time you felt upset, worried, or depressed during the 
past 2 weeks by choosing one of the following options from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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12. How often during the last 2 weeks did you feel you had complete control of your breathing 

problems?  Please indicate how often you felt you had complete control of your shortness of 
breath by choosing one of the following options from the yellow card in front of you. 

 
 [USE YELLOW CARD] 
  1 NONE OF THE TIME 
  2 A LITTLE OF THE TIME 
  3 SOME OF THE TIME 
  4  A GOOD BIT OF THE TIME 
  5 MOST OF THE TIME 
  6 ALMOST ALL OF THE TIME 
  7 ALL OF THE TIME 
 

 
13. How much of the time during the last 2 weeks did you feel relaxed and free of tension?  Please 

indicate how much of the time you felt relaxed and free of tension by choosing one of the 
following options from the yellow card in front of you. 

 
 [USE YELLOW CARD] 
  1 NONE OF THE TIME 
  2 A LITTLE OF THE TIME 
  3 SOME OF THE TIME 
  4  A GOOD BIT OF THE TIME 
  5 MOST OF THE TIME 
  6 ALMOST ALL OF THE TIME 
  7 ALL OF THE TIME  
 

 
14. How often during the last 2 weeks have you felt low in energy?  Please indicate how often 

during the last 2 weeks you have felt low in energy by choosing one of the following options 
from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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15. In general, how often during the last 2 weeks have you felt discouraged or down in the dumps?  

Please indicate how often during the last 2 weeks you felt discouraged or down in the dumps 
by choosing one of the following options from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 

 
16. How often during the last 2 weeks have you felt worn out or sluggish?  Please indicate how 

much of the time you felt worn out or sluggish by choosing one of the following options from 
the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 

 
17. How happy, satisfied, or pleased have you been with your personal life during the last 2 

weeks?  Please indicate how happy, satisfied, or pleased you have been by choosing one of the 
following options from the gray card in front of you. 

 
 [USE GRAY CARD] 
  1 VERY DISSATISFIED, UNHAPPY MOST OF THE TIME 
  2 GENERALLY DISSATISFIED, UNHAPPY 
  3 SOMEWHAT DISSATISFIED, UNHAPPY 
  4 GENERALLY SATISFIED, PLEASED 
  5 HAPPY MOST OF THE TIME 
  6 VERY HAPPY MOST OF THE TIME 
  7 EXTREMELY HAPPY, COULD NOT HAVE BEEN MORE  
   SATISFIED OR PLEASED 
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18. How often during the last 2 weeks did you feel upset or scared when you had difficulty getting 

your breath?  Please indicate how often during the past 2 weeks you felt upset or scared when 
you had difficulty getting your breath by choosing one of the following options from the blue 
card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 

 
19. In general, how often during the last 2 weeks have you felt restless, tense, or uptight?  Please 

indicate how often you have felt restless, tense, or uptight by choosing one of the following 
options from the blue card in  front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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CHRONIC RESPIRATORY DISEASE INDEX QUESTIONNAIRE (CRQ) 

RESPONSE FORM 

FOLLOW-UP ADMINISTRATION, 7 POINT SCALE 
 

This questionnaire is designed to find out how you have been feeling during the last 2 weeks.  
You will be asked about how short of breath you have been, how tired you have been feeling, and 
how your mood has been. 
 

4. I would now like you to describe how much shortness of breath you have experienced during 
the last 2 weeks while doing each of the following activities you selected the first time you 
completed this questionnaire. 

 

 [USE GREEN CARD FOR ITEMS 4a THROUGH 4e]. 
 

a. Please indicate how much shortness of breath you have had during the last 2 weeks while 
[INSERT ACTIVITY LISTED IN 3a, Baseline Administration Form] by choosing one of the 
following options from the green card in front of you. 

 

  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 

b. Please indicate how much shortness of breath you have had during the last 2 weeks while 
[INSERT ACTIVITY LISTED IN 3b, Baseline Administration Form] by choosing one of the 
following options from the green card in front of you. 

 

  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 

c. Please indicate how much shortness of breath you have had during the last 2 weeks while 
[INSERT ACTIVITY LISTED IN 3c, Baseline Administration Form] by choosing one of the 
following options from the green card in front of you. 

 

  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
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d. Please indicate how much shortness of breath you have had during the last 2 weeks while 

[INSERT ACTIVITY LISTED IN 3d, Baseline Administration Form] by choosing one of the 
following options from the green card in front of you. 

 
  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 
 
e. Please indicate how much shortness of breath you have had during the last 2 weeks while 

[INSERT ACTIVITY LISTED IN 3e, Baseline Administration Form] by choosing one of the 
following options from the green card in front of you. 

 
  1 EXTREMELY SHORT OF BREATH 
  2 VERY SHORT OF BREATH 
  3 QUITE A BIT SHORT OF BREATH 
  4 MODERATE SHORTNESS OF BREATH 
  5 SOME SHORTNESS OF BREATH 
  6 A LITTLE SHORTNESS OF BREATH 
  7 NOT AT ALL SHORT OF BREATH 
 
 
5. In general, how much of the time during the last 2 weeks have you felt frustrated or impatient?  

Please indicate how often during the last 2 weeks you have felt frustrated or impatient by 
choosing one of the following options from the blue card in front of you. 

 
 [USE BLUE CARD] 
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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6. How often during the past 2 weeks did you have a feeling of fear or panic when you had 

difficulty getting your breath?  Please indicate how often you had a feeling of fear or panic 
when you had difficulty getting your breath by choosing one of the following options from the 
blue card in front of you. 

  
 [USE BLUE CARD] 
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 
 
7. What about fatigue?  How tired have you felt over the last 2 weeks?  Please indicate how tired 

you have felt over the last 2 weeks by choosing one of the following options from the orange 
card in front of you. 

 
 [USE ORANGE CARD] 
  1 EXTREMELY TIRED 
  2 VERY TIRED 
  3 QUITE A BIT OF TIREDNESS 
  4 MODERATELY TIRED 
  5 SOMEWHAT TIRED 
  6  A LITTLE TIRED 
  7 NOT AT ALL TIRED 
 
 
8. How often during the past 2 weeks have you felt embarrassed by your coughing or heavy 

breathing?  Please indicate how much of the time you felt embarrassed by your coughing or 
heavy breathing by choosing one of  the following options from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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9. In the last 2 weeks how much of the time did you feel very confident and sure that you could 

deal with your shortness of breath?  Please indicate how much of the time you felt very 
confident and sure that you could deal with your shortness of breath by choosing one of the 
following options from the yellow card in front of you. 

 
 [USE YELLOW CARD] 
  1 NONE OF THE TIME 
  2 A LITTLE OF THE TIME 
  3 SOME OF THE TIME 
  4  A GOOD BIT OF THE TIME 
  5 MOST OF THE TIME 
  6 ALMOST ALL OF THE TIME 
  7 ALL OF THE TIME 
  

 
10. How much energy have you had in the last 2 weeks?  Please indicate how much energy you 

have had by choosing one of the following options from the pink card in front of you. 
 
 [USE PINK CARD] 
  1 NO ENERGY AT ALL 
  2 A LITTLE ENERGY 
  3 SOME ENERGY 
  4 MODERATELY ENERGETIC 
  5 QUITE A BIT OF ENERGY 
  6  VERY ENERGETIC 
  7 FULL OF ENERGY 
 

 
11. In general, how much of the time did you feel upset, worried, or depressed during the last 2 

weeks?  Please indicate how much of the time you felt upset, worried, or depressed during the 
past 2 weeks by choosing one of the following options from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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12. How often during the last 2 weeks did you feel you had complete control of your breathing 

problems?  Please indicate how often you felt you had complete control of your shortness of 
breath by choosing one of the following options from  the yellow card in front of you. 

 
 [USE YELLOW CARD] 
  1 NONE OF THE TIME 
  2 A LITTLE OF THE TIME 
  3 SOME OF THE TIME 
  4  A GOOD BIT OF THE TIME 
  5 MOST OF THE TIME 
  6 ALMOST ALL OF THE TIME 
  7 ALL OF THE TIME 
 

 
13. How much of the time during the last 2 weeks did you feel relaxed and free of tension?  Please 

indicate how much of the time you felt relaxed and free of tension by choosing one of the 
following options from the yellow card in front of you. 

 
 [USE YELLOW CARD] 
  1 NONE OF THE TIME 
  2 A LITTLE OF THE TIME 
  3 SOME OF THE TIME 
  4  A GOOD BIT OF THE TIME 
  5 MOST OF THE TIME 
  6 ALMOST ALL OF THE TIME 
  7 ALL OF THE TIME  
 

 
14. How often during the last 2 weeks have you felt low in energy?  Please indicate how often 

during the last 2 weeks you have felt low in energy by choosing one of the following options 
from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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15. In general, how often during the last 2 weeks have you felt discouraged or down in the dumps?  

Please indicate how often during the last 2 weeks you felt discouraged or down in the dumps 
by choosing one of the following options from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 

 
16. How often during the last 2 weeks have you felt worn out or sluggish?  Please indicate how 

much of the time you felt worn out or sluggish by choosing one of the following options from 
the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 

 
17. How happy, satisfied, or pleased have you been with your personal life during the last 2 

weeks?  Please indicate how happy, satisfied, or pleased you have been by choosing one of the 
following options from the gray card in front of you. 

 
 [USE GRAY CARD] 
  1 VERY DISSATISFIED, UNHAPPY MOST OF THE TIME 
  2 GENERALLY DISSATISFIED, UNHAPPY 
  3 SOMEWHAT DISSATISFIED, UNHAPPY 
  4 GENERALLY SATISFIED, PLEASED 
  5 HAPPY MOST OF THE TIME 
  6 VERY HAPPY MOST OF THE TIME 
  7 EXTREMELY HAPPY, COULD NOT HAVE BEEN MORE   
   SATISFIED OR PLEASED 
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18. How often during the last 2 weeks did you feel upset or scared when you had difficulty getting 

your breath?  Please indicate how often during the past 2 weeks you felt upset or scared when 
you had difficulty getting your breath by choosing one of the following options from the blue 
card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
 

 
19. In general, how often during the last 2 weeks have you felt restless, tense, or uptight?  Please 

indicate how often you have felt restless, tense, or uptight by choosing one of the following 
options from the blue card in front of you. 

 
 [USE BLUE CARD]   
  1 ALL OF THE TIME 
  2 MOST OF THE TIME 
  3 A GOOD BIT OF THE TIME 
  4 SOME OF THE TIME 
  5 A LITTLE OF THE TIME 
  6  HARDLY ANY OF THE TIME 
  7 NONE OF THE TIME 
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