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ABSTRACT 

 
 There has been particular interest in studying the impact of cognitive changes in 

individuals with Chronic Obstructive Pulmonary Disease (COPD).  This population can 

have decreased cognition for any number of reasons including age-related declines in 

blood flow, disease-related declines in blood flow which affects oxygen transport to the 

brain, and both age and disease related declines in physical activity.  PURPOSE:  The 

purpose of the original study is to investigate the relationship between age, psychological 

well-being, health related quality of life (HRQL), six-minute walk distance (6MWD), 

seven-day physical activity recall (7DPAR), vocabulary subtest scores, pulmonary 

function values and five specific cognitive domains (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance) in 

a sample of people with COPD.  METHODS:  A total of 13 people with COPD aged 45 

to 85 years participated in the study.  There was one measure designated for each of the 

five cognitive domains: Motor Speed was measured by the Finger Tapping Test; 

Perceptual Motor Speed and Sequencing was measured by the Connections Test;   

Inhibitory Processing was measured by the Stroop Color Test; Verbal Fluency was 

measured by the Controlled Oral Word Association Test (COWAT); and Psychomotor 

Performance was measured by the Digit Symbol Substitution Test.    Seven correlation 

and five multiple regression hypotheses were designed to measure the relationships 

among the variables.  RESULTS:  Significance in age (hypothesis 1) was seen in three of 

the five cognitive domain measures:  Connections Test Numbers Letters [-.570*, p< 

0.05], Stroop Color [-.825**, p< 0.01], and Digit Symbol Substitution Test [-.792**, p< 

0.01].  There were no significant relationships observed with depression (hypothesis 2) as 

measured by the Beck Depression Inventory; HRQL (hypothesis 3) as measured by the 

SIP-Overall; 6MWD (hypothesis 4); pulmonary function (hypothesis 6) as measured by 

FEV1 and 7DPAR-D (hypothesis 7) and the five cognitive domain measures.  There was 

an unexpected significant relationship observed regarding the vocabulary subtest and 

Stroop Color, however it was in the opposite direction than the recommended hypothesis 

5 [-.576*, p< 0.05].  The multiple regressions were designed to identify the predictors 

among the specific cognitive domains.  The models 1-5 included age, 6MWD, 7DPAR-

D, SIP-Overall, and FEV1.  The following multiple regression analyses were not 

supported:  hypothesis 8 regarding Motor Speed; hypothesis 9 regarding Perceptual 

Motor Speed and Sequencing; and hypothesis 11 regarding Verbal Fluency.  Hypothesis 

12 regarding Psychomotor Performance was fully supported for models 1-4, primarily 

due to the strength of age, however, it was not strong enough for a significant  5
th
 model.   

Hypothesis 10 regarding Inhibitory Processing, however was supported among all of the 

models 1-5.  CONCLUSION:  One consistent feature noted within the results was the 

significant percentages of variation accounted for by age alone or with age and 6MWD, 

in the cognitive domains perceptual motor speed and sequencing, inhibitory processing, 

and psychomotor performance.  The identified relationships are consistent with the 



 x

literature except for the results from BDI and vocabulary subtest.  The mechanisms for 

decreased cognition are multiple and the present study can be regarded as a springboard 

for future research in the area of COPD. 
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CHAPTER 1 

INTRODUCTION  

 

Introduction  

 

 Chronic Obstructive Pulmonary Disease (COPD) is a term for a group of chronic 

lung disorders, specifically chronic bronchitis and emphysema.  It is most characterized 

by a slowly progressive irreversible bronchial obstruction and a fluctuating symptom 

complex of recurrent productive cough and dyspnea (Standards for the Diagnosis and 

Care of Patients with Chronic Obstructive Pulmonary Disease, 1995).  One treatment 

intervention is participation in a pulmonary rehabilitation program.  The primary goals of 

pulmonary rehabilitation are to reduce symptoms, decrease disability, increase 

knowledge regarding COPD, increase participation in physical and social activities, and 

improve the overall quality of life for people with chronic respiratory disease (Standards 

for the Diagnosis and Care of Patients with Chronic Obstructive Pulmonary Disease, 

1995).   

 For many years, people have assumed that a decrease in cognitive abilities was an 

inevitable consequence of growing old.  All people age, but they do so in different ways 

and at different rates.  Physiological effects of aging can be seen as primary aging (brain 

changes, loss of vision, hearing and strength) or accelerated by secondary aging which 

occurs as a result of disease or environmental factors.  There is a particular interest in 

studying individuals with COPD because of the proposed link between cognitive 

functioning and oxygen transport (Emery, Honn, Frid, Lebowitz & Diaz, 2001; Emery, 

Leatherman, Gurker, & MacIntyre, 1991; Etnier & Berry, 2001; Etnier, Johnston, 

Dagenbach, Pollard, Rejeski & Berry, 1999).  This population can have decreased 

cognition for multiple reasons including age-related declines in blood flow, disease-
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related declines in blood flow and both age and disease related declines in physical 

activity (Emery, et al., 2001; Etnier, et al., 1999). 

 

Purpose of the Study 

 The purpose of this research study is to investigate the relationship between age, 

psychological well-being, health related quality of life (HRQL), six- minute walk 

distance (6MWD), seven-day physical activity recall (7DPAR), vocabulary subtest of 

verbal intelligence quotient (IQ), pulmonary function values and specific aspects of 

cognitive performance (motor speed, perceptual motor speed and sequencing, inhibitory 

processing, verbal fluency, and psychomotor performance) in a sample of people 

diagnosed with Chronic Obstructive Pulmonary Disease.   

 

Significance of the Study 

 The current investigation is in response to the research performed regarding the 

relationships between various variables and their effects on cognition in those with 

COPD.  Most of the studies presented in the following literature review, focused on the 

changes in cognition after an exercise intervention.  The investigator proposes to 

investigate the relationships among the variables and cognition, similar to the study 

performed by Etnier, et al., (1999).  The study set out to explore the relationship between 

age, pulmonary function, aerobic capacity and cognitive performance.   In that particular 

study, depression was controlled for and therefore, the relationship between depression 

and cognition was not analyzed.  For the present investigation, there will also be an 

additional comparison of the relationship between depression and HRQL on cognition.  

The present study design will be unique by the expansion of cognitive domains tested.    

The benefits of the investigation will be multifold.  The data will add to the body of 

knowledge regarding factors that affect cognition.  Rehabilitation professionals who treat 

the COPD population can utilize the results to enhance treatment programs to address 

areas that affect not only exercise capacity and cognition, but psychosocial and HRQL.  

The data can be incorporated in educational materials for those with COPD and 

established pulmonary rehabilitation programs.  Due to the original nature of the present 



 3

research study, the findings can be a springboard for future research in the area of 

Chronic Obstructive Pulmonary Disease or other chronic diseases.   

 

Research Hypotheses  

1. The specific aspects of cognitive performance (motor speed, perceptual motor 

speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 

performance) and age have a significance negative relationship in people with 

COPD.   

2. The specific aspects of cognitive performance (motor speed, perceptual motor 

speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 

performance) and depression have a significant negative relationship in people 

with COPD.   

3. The specific aspects of cognitive performance (motor speed, perceptual motor 

speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 

performance) and HRQL have a significant positive relationship in people with 

COPD.   

4. The specific aspects of cognitive performance (motor speed, perceptual motor 

speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 

performance) and 6MWD have a significant positive relationship in people with 

COPD.   

5. The specific aspects of cognitive performance (motor speed, perceptual motor 

speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 

performance) and vocabulary subtest of Verbal IQ have a significant positive 

relationship in people with COPD.   

6. The specific aspects of cognitive performance (motor speed, perceptual motor 

speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 

performance) and pulmonary function have a significant positive relationship in 

people with COPD.   

7. The specific aspects of cognitive performance (motor speed, perceptual motor 

speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 
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performance) and 7DPAR have a significant positive relationship in people with 

COPD.   

8. The overall model using the independent variables: age, depression scores, 

HRQL, 6MWD, vocabulary subtest scores, pulmonary function and 7DPAR 

scores make a significant contribution to the cognitive domain of motor speed.   

9. The overall model using the independent variables: age, depression scores, 

HRQL, 6MWD, vocabulary subtest scores, pulmonary function and 7DPAR 

scores make a significant contribution to the cognitive domain of perceptual 

motor speed and sequencing.   

10. The overall model using the independent variables: age, depression scores, 

HRQL, 6MWD, vocabulary subtest scores, pulmonary function and 7DPAR 

scores make a significant contribution of the cognitive domain of inhibitory 

processing.   

11. The overall model using the independent variables: age, depression scores, 

HRQL, 6MWD, vocabulary subtest scores, pulmonary function and 7DPAR 

scores make a significant contribution of the cognitive domain of verbal fluency.   

12. The overall model using the independent variables: age, depression scores, 

HRQL, 6MWD, vocabulary subtest scores, pulmonary function and 7DPAR 

scores make a significant contribution of the cognitive domain of psychomotor 

performance.   

 

Definition of Terms  

      Finger Tapping Test:  This test, which uses a specially adapted manual tapper, is a        

measure of finger-tapping speed (Reitan & Wolfson, 1993).   

      Connections Test:  The Connections Test reflect executive processes, such as 

planning and switching and perceptual motor speed (Salthouse, Toth, Daniels, Parks, Pak, 

Wolbrette & Hocking, 2000).   

      Stroop Color and Word Test:  The basic dimension tapped by the Stroop-which has 

been associated with cognitive flexibility, resistance to interference from outside stimuli, 

creativity, psychopathology, and cognitive complexity-clearly plays a role in many 
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interrelated cognitive processes which determine an individual�s ability to successfully 

cope with cognitive stress and to process complex input (Golden, 1978).  

      The Controlled Oral Word Association Test (COWAT):  A test used to measure 

executive function and verbal fluency (Benton & Hamsher, 1976).   

      Vocabulary Subtest:  Component of the Verbal IQ subtest of the WAIS-R.  The 

vocabulary subtest incorporates verbal comprehension, long-term memory, school-type 

knowledge, intellectual curiosity, and crystallized intelligence (Sprandel, 1995).   

      Digit Symbol Subtest:  Component of the Performance IQ subtest of the WAIS-R. 

The digit symbol subtest incorporates short-term memory, visual memory, freedom with 

distractibility/anxiety, visual-motor coordination, fluid intelligence and sequential 

processing (Sprandel, 1995).   

      Health Related Quality of Life  (HRQL):  On the individual level, HRQL includes 

physical and mental health perceptions and their correlates, including health risks and 

conditions, functional status, social support and socioeconomic status (McHorney, 1999).   

      FEV1:  Forced Expiratory Volume in One Second- this is the volume of air which can 

be forcibly exhaled from the lungs in the first second of a forced expiratory maneuver.  It 

is expressed as liters.  (American Thoracic Society: Standardization of Spirometry, 1994).   

      FVC:  Forced Vital Capacity-after the patient has taken in the deepest possible breath, 

this is the volume of air which can be forcibly and maximally exhaled out of the lungs 

until no more can be expired.  FVC is usually expressed as liters.  (American Thoracic 

Society: Standardization of Spirometry, 1994).   

      FEV1/FVC:  The ratio of FEV1 to FVC, which indicates what percentage of the total 

FVC was expelled from the lungs during the first second of forced exhalation.  This 

number is called FEV1/FVC ratio.  (American Thoracic Society: Standardization of 

Spirometry, 1994).   

      Motor Speed:  Motor speed refers to the speed at which mental activities are 

performed and to motor response speed (Lezak, 1995).   

      Executive functions:  The executive functions can be conceptualized as having four 

components: (1) volition; (2) planning; (3) purposive action; and (4) effective 

performance (Lezak, 1995).   
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      Inhibitory processing:  The efficiency of the inhibitory process that underlies 

selective attention.  Inhibition allows a reduction of irrelevant information to enter 

working memory (Hasher & Zacks, 1988).   

      Verbal fluency:  Verbal fluency refers to the speed and ease of verbal production 

(Lezak, 1995).   

      Verbal IQ:  Verbal IQ is based on the summation of scaled scores on six subtests: 

Information, Digit Span, Vocabulary, Arithmetic, Comprehension, and Similarities 

(Sprandel, 1995).   

      IQ:  Intelligence Quotient is the ratio between a particular score which an individual 

gets (on a given intelligence test) and the score which an average individual of his life 

age may be assumed to attain on the same test, when both scores are expressed in the 

same notation (e.g. in terms of months and years), (Wechsler, 1944).   

      Fluid Intelligence:  Fluid intelligence is involved in flexible thinking and the ability to 

solve novel problems (Sternberg, Forsythe, Hedlund, Horvath, Wagner, Williams, Snook, 

& Grigorenko, 2000).   

      Crystallized Intelligence:  Crystallized intelligence represents accumulated 

knowledge (Sternberg, et al., 2000).   

 

Assumptions 

 The participants being tested are assumed to give the truth on all information on 

health history forms and questionnaires.  Another assumption will be that the subjects 

will give the best of their ability on the cognitive tests, exercise capacity testing, 

pulmonary function tests, HRQL and psychological measures.   

 

Limitations of Study 

 To assess exercise capacity, the 6MWD will be used.  The self paced 6MWD 

assesses the sub maximal level of functional capacity.  A maximal protocol would 

provide a more reliable level of fitness.  The 6MWD does not determine peak oxygen 

uptake, diagnose the cause of dyspnea on exertion, or evaluate the causes or mechanism 

of exercise limitation.  Because of the small conveince sample size, there is a risk of 

inflation of the family-wise error rate.   
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 A summary of the literature will explore the cognitive research in normal aging, 

the inhibitory mechanism, cognitive differences in persons with COPD, and the effects of 

exercise on cognition in healthy adults and those with COPD.   
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CHAPTER 2 

REVIEW OF LITERATURE 

 

Cognitive Research in Normal Aging 

 

 The amplitude and frequency of the human electroencephalogram (EEG) undergo 

substantial change during normal development and aging.  The brain�s electrical activity 

is a reflection of central nervous system (CNS) development and health status.  

Maturation of the brain is reported to continue into the third decade.  It is about this age 

that physical, neurocognitive and creative abilities are at their peak.  By the fifth decade, 

age-related signs of CNS deterioration begin to appear that are reflected in losses of 

neurocognitive abilities (Dustman, Shearer & Emmerson, 1993; Dustman, Emmerson & 

Shearer, 1996).   

 For clinical and research studies, visual EEG activity is often separated into four 

frequency bands: delta, 0.5-3.5 Hz; theta, 4-7 Hz; alpha, 8-13 Hz; and beta, 13 Hz and 

faster.  Before discussing shifts in EEG activity that may be expected to occur in old age, 

it should be emphasized that individual differences in EEG patterns are quite large.  As 

described by Dustman, et al. (1993), despite this large individual variability, four distinct 

types of EEG changes have been consistently observed in elderly people who show no 

evidence of clinical CNS disease.  These types of EEG changes are: (1) slowing of alpha 

rhythms, (2) shifting in the amount of beta activity, (3) increasing diffuse slow wave 

activity (delta and theta) and (4) appearance of focal slowing and sharp waves in 

temporal areas, usually in the left hemisphere.  An adult alpha frequency of 10.2-10.5 Hz 

is usually attained by early adolescence with some slowing occurring by age 60 to about 

9.7 Hz.  Adult dominant EEG frequencies below 8 Hz have frequency related to CNS 

pathology and should not be considered normal (Dustman et al., 1993).  Beta activity in 

healthy adults increases with age until about age 60 and then decreases slightly thereafter.  
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Patients with significant brain pathology show considerable slower EEG activity than do 

normal controls.  Widely distributed delta and theta activity, better known as diffuse slow 

waves, are not commonly seen in EEG�s of healthy aging adults.  Diffuse slowing is most 

closely related to cognitive dysfunction and mental deterioration (Dustman, et al., 1993).  

A study by Rice, Buchsbaum, Hardy and Burgwald (1991), revealed deterioration of 

memory function associated with temporal lobe folci.  Temporal lobe slowing has also 

been linked to a greater loss in verbal and performance scores (Dustman, et al., 1993).  In 

an evaluation of Spectra profile amplitudes of the 132 subjects aged 18 years and older, 

Dustman, Shearer and Emmerson (1999), revealed that amplitude of delta and alpha EEG 

activity recorded from occipital scalp continued to decline with increasing age  

(P< 0.001).   

 Event-related potentials (ERP) provide a somewhat different picture of CNS 

functioning.  Event-related potentials measure the �brain in action�, in other words, the 

processing of external and internal signals.  The electrical potentials are elicited by a 

series of repeating stimuli such as flashes of light, clicks or tones, electrical stimulation 

and by stimuli that are expected but fail to occur (Dustman et al., 1993; Dustman et al., 

1996).  Research has shown that in young adults, ERP�s are localized to scalp locations 

overlying the somatosensory and motor systems.  However somatosensory evoked 

potentials�s (SEP) of healthy elderly people from occipital scalp, indicate a spread of 

electrical activity away from primary receptive areas.  The increased spread of SEP�s to 

nonsensory specific areas of the cortex has been interpreted as indicating a weakening of 

inhibitory strength and a breakdown of functional boundaries within the CNS (Dustman, 

et al., 1993).  The P3 amplitude, EEG cortical coupling and EEG power spectral data, 

together with changes in alpha and SEP spread in older age, suggest there may be a 

breakdown of �functional autonomy� of areas within the aging brain such that it 

responds, at least electrically, in a more homogeneous or global manner.  It has been 

speculated that the age-related increases in homogeneity may reflect shifts in CNS 

excitatory-inhibitory balance towards reduced inhibition (Dustman, et al., 1993; 

Dustman, et al., 1996).   

 The brain requires relatively large quantities of oxygen and glucose, which are 

essential for the maintenance of neuronal membrane thresholds and for the metabolism 



 10

and turnover of neurotransmitters (Dustman, et al., 1993).  There is little question that 

total brain metabolism is reduced for most elderly individuals.  This is partially due to 

decreased metabolic demand resulting from reduced neural tissue and to impaired 

sensory systems that do not activate cortical tissue as strongly as for young adults 

(Dustman, et al., 1993).  Age-related decreases have been reported for cerebral blood 

flow and oxygen consumption and/or glucose utilization.  Dustman, et al., (1993) and 

Marchal, et al., (1992) reported that in most cerebral cortex gyri, the cerebral metabolic 

rate of oxygen significantly decrease with age according to a linear pattern, with the same 

magnitude (about 6% per decade) in all four lobes and on both sides.  With respect to 

cerebral blood flow, there were disclosed significant effects of age in both frontal lobes, 

in the right temporal lobe, and in the right occipital lobe.  The cerebral blood volume 

decreased with advancing age with a linear pattern in the right and left frontal lobes (r = -

.55 and -.57, respectively; P<0.01), the right and left temporal lobes (r = -.50, P<0.05 and 

r = -.55; P<0.01, respectively), and the left parietal lobe (r = -.51; P< 0.05).  Marchal et 

al., (1992) found a significant relationship of increasing atrophy with age (P<0.01).  In 

pure grey and white matter regions cerebral metabolic rates of oxygen, cerebral blood 

flow and cerebral blood volume decreased with age approximately 0.05% per year 

(Lenders et al., 1990).  Oxygen extraction fraction did not change or showed a slight 

increase with age (maximum in the grey matter region 0.35% / year).  The results from 

Leenders et al., (1990) study suggested diminished neuronal firing or decreased dendrite 

synaptic density with age.   

 The brain requires relatively large quantities of oxygen and glucose, which are 

essential for the maintenance of neuronal membrane thresholds and for the metabolism 

and turnover of neurotransmitters (Dustman, et al., 1993).  There is little question that 

total brain metabolism is reduced for most elderly individuals.  This is partially due to 

decreased metabolic demand resulting from reduced neural tissue and to impaired 

sensory systems that do not activate cortical tissue as strongly as for young adults 

(Dustman, et al., 1993).  Age-related decreases have been reported for cerebral blood 

flow and oxygen consumption and/ or glucose utilization. Dustman, et al., (1993) and 

Marchal, et al., (1992) reported that in most cerebral cortex gyri the cerebral metabolic 

rate of oxygen significantly decrease with age according to a linear pattern, with the same 
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magnitude (about 6% per decade) in all four lobes and on both sides.  With respect to 

cerebral blood flow, ANOVA disclosed significant effects of age in both frontal lobes, in 

the right temporal lobe and in the right occipital lobe.  The cerebral blood volume 

decreased with advancing age with a linear pattern in the right and left frontal lobes (r = -

.55 and -.57, respectively; P < 0.01), the right and left temporal lobes (r = -.05, P<0.05 

and r = -.55; P< 0.01, respectively), and the left parietal lobe (r = -.51; P<0.05).  Results 

also showed a significant relationship of increasing atrophy with age (P<0.01).  In pure 

gray and white matter regions, cerebral metabolic rates of oxygen, cerebral blood flow 

and cerebral blood volume decreased with age approximately 0.05% per year (Leenders, 

et al., 1990).  Oxygen extraction fraction did not change or showed a slight increase with 

age (maximum in the grey matter region 0.35% / year).  The results from Leenders, et al., 

(1990) study suggested diminished neuronal firing or decreased dendritic synaptic density 

with age.   

 

Aging and Inhibition  

 Hasher and Zacks (1988) developed a framework regarding inhibition and the 

contents of working memory.  The central assumption is that during aging, the effiency of 

the inhibitory process that underlies selective attention is reduced.  This reduced 

inhibition allows more irrelevant information to enter working memory, and once 

entered, it allows the irrelevant information to receive sustained activation.   

 There are many findings in the cognitive gerontology literature that consistently 

suggest that older adults are more likely to be distracted by both environmental events 

and internal thoughts than younger adults.  Evidence can be found across cognitive 

domains ranging from visual selective attention, to memory to language production 

(Hasher & Zacks, 1988; Hasher, Stoltzfus, Zacks & Rypma, 1991; Connelly & Hasher 

1993; Earles, Connor, Frieske, Park, Smith & Zwahr, 1997; Salthouse & Meinz, 1995; 

Kramer, Humphrey, Larish, Logan & Strayer, 1994; Crawford, Bryan, Luszcz, 

Obonsawin, & Stewart, 2000).  It is possible that the mechanism underlying heightened 

distractibility for older adults are a reduction in the effectiveness of the inhibitory 

mechanism that otherwise operates to facilitate selective attention (Hasher, et al., 1991; 

McDowd & Oseas-Kreger, 1991; Sweeney, Rosano, Berman & Luna, 2001).   
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 In an effort to compare the ability of younger and older adults to suppress 

irrelevant information in the context of a selection procedure, Hasher et al., (1991) used a 

letter-naming task on the basis of color.  Half of the trials were termed sequential because 

the previous trial�s irrelevant letter serves as the current trial�s target.  The remaining 

trials served as controls on which both the target and distracter were different from those 

on the previous trial.  There were equal emphasis on speed and accuracy.  Reaction times 

of older adults were slower than younger adults on sequential and control times (p<0.01).  

Sequential and control mean reaction times and proportions of errors for older adults 

were 337.5 (.075) ms and 335.1 (.061) ms respectively.  Sequential and control mean 

reaction times and proportion of errors for younger adults were 284.4 (.056) ms and 

275.5 (.034) ms.  Young adults demonstrated the now frequently reported �negative 

priming� effect.  Negative priming is a process of selecting one stimulus from an array 

which also entails the suppression of one or more unselected elements (Hasher & Zacks, 

1988).  The older adults did not show the negative priming effect.  Although selection 

may be possible without inhibition, one consequence of diminished suppression might 

well be reduced efficiency of selection or increase in errors.  As one would expect, the 

error rate of older adults was higher in comparison to the mean among the young adults 

on all trials, by 6-7%.   The decline in the ability to inhibit irrelevant information may 

result in an increase in information in working memory, thus decreasing working 

memory efficiency (Hasher et al., 1991).   

 A complex study by Earles et al., (1997) had subjects perform a variety of tasks 

including a negative priming for words task, Stroop task, reading distractions, free recall, 

working memory and perceptual speed.  In contrast to a previous study (Sullivan & Faust, 

1993), Earles et al., (1997) found significant negative priming for participants of all ages.  

The findings showed that increased age was associated with less efficient inhibitory 

function and was also associated with increased susceptibility of interference (or 

distractibility) from irrelevant information.  Both of these differences were related to 

decreases in processing speed with increases in age.  Another finding in this study was 

that age differences in interference but not inhibition, were found to be related to age 

differences in working memory.   
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 Electroencephalogram alpha and intelligence undergo parallel declines in people 

who have significant circulatory disorders, because it has an effect on cerebral blood flow 

(Dustman, et al., 1993).  Investigators have suggested that because of the beneficial 

effects that strenuous physical activity has on the cardiovascular system, appropriate 

exercise may benefit Central Nervous System health.  This rationale has been translated 

into the use of aerobic fitness interventions to increase performance on 

neuropsychological measures.  EEG effects of physical exercise were investigated by 

Lardon & Polich (1996), comparing groups of individuals, mean age 31.44, SD (5.83), 

who engaged in regular intensive physical exercise (12+ hrs/wk) to control subjects (2+ 

hrs/wk).  The exercise subject group was defined by their long-term commitment to 

athletic endeavors (training for Olympic or similar competitions in triathlon, bike racing, 

tennis, or other vigorous, aerobic exercise) at least 12 hrs/wk.  The control subject group 

was defined by the absence of any previous participation in high level sports and 

performance of minimal aerobic activities.  The exercised subjects produced higher 

frequencies for the delta, theta, beta-1 and beta-2 bands and also, increased frequency 

from the frontal to central/parietal recording sites.  It is assumed that the increased 

response in EEG was due to increased cerebral blood flow, however all of the underlying 

causes are not clear (Dustman, et al., 1993).   

 With respect to the decrease in inhibition with age, Clark (1996) describes 

evidence that aging is associated with various physiological changes that compromise 

delivery of oxygen to the brain (e.g. pulmonary conditions, cardiovascular disease, 

erythrocyte dysfunction) and that compromised oxygenation of the brain (e.g. hypoxia) 

may impair inhibitory neurotransmitters and processes more than excitatory ones.  When 

a decrease in cerebral blood flow occurs because of anoxia or hypoxia, an increase in 

delta and decrease in alpha and beta activity are typically observed (Lardon & Polich, 

1996).   
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Physical Fitness and Cognitive Function  

 A relationship between physical fitness and neuropsychological performance in 

older healthy adults suggests that older individuals may be able to improve cognitive 

performance through exercise training.  It is believed that physical fitness slows the rate 

of age-related decline in cognitive performance (Kramer et al., 2002).  Recently, Kramer, 

et al., (1999) proposed and tested a new hypothesis that improvements in aerobic fitness 

would be associated with selective improvements in neurocognitive function and in 

particular in executive control processes such as coordination, inhibition, scheduling, 

planning, and working memory.  They based this hypothesis on the reports in the 

literature, which suggested that neither cognitive nor brain function and structure decline 

uniformly during the course of aging.   

 To test this relationship between physical activity and cognitive performance, 

Schuler, Chodzko-Zajko and Tomporowski (1993) studied 60 adults ranging from 18 to 

90 years old using a modified Stroop paradigm of 4 different tasks with varying degrees 

of cognitive effort.  A Person product moment correlation was used first to evaluate the 

strength of the relationship between age and cognitive performance and secondly the 

relationship between physical fitness and cognitive variables.  Results revealed a 

significant correlation (p< 0.001) between age and each cognitive variable (word reading 

time r
2 

= 0.0140; reading colored words r
2 

= 0.2267; color naming time r
2 

= 0.2010; 

Stroop words r
2 

= 0.4802).  There was a significant correlation between physical fitness 

and reading colored words p< 0.05 (r
2 

= 0.0490) and Stroop words p< 0.01 (r
2 

=0.1306). 

Schuler, et al., (1993) also noted that for the most complex tasks, Stroop words and 

reading colored words, reaction time decreased as fitness level increased.  VanBoxtel, 

Paas, Houx, Adam, Teeken and Jolles (1997) also reported similar improvements in a 

number of cognitive measures with physical activity.   

 Complex choice reaction times were faster (p< 0.05) in the active group (mean = 

1.100 sec) as compared to the less active group (mean = 1.818 sec) in older women.  

However, simple reaction times did not differ between the active group (mean = 0.345 

ms) and the less active group (mean = 0.374 ms) (Abourezk & Toole, 1995).  Panton, 

Graves, Pollock, Hagberg and Chen (1990) reported no significant changes (p< 0.05) 

following a 6 month aerobic and strength training program.  The adjusted post 
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fractionated reaction time for the control, aerobic and strength training groups were 

277.3, 271.2 and 267.6 ms respectively.  Adjusted post speed of movement times for the 

control, aerobic and strength training groups were 190.1, 186.1, and 196.5 ms 

respectively.  Complex choice reaction times require additional mental operations to 

determine which finger to lift, presumably placing a greater demand on attentional 

resources (Abourezk & Toole, 1995).  Panton et al., (1990) suggested that a more 

complex choice reaction time task may be more likely to show improvements in reaction 

time after exercise training.  After a 12 week aerobic/strength training program 

Blumenthal & Madden (1988) also reported no significant changes in reaction times after 

a 15% increase in VO2 max in the aerobic training group.  The aerobic training group 

reaction times for the response type (yes) and memory-set size (2,4,6) were 553 (172), 

654 (199) and 731 (213) ms respectively.  The aerobic training group reaction times for 

the response type (no) and memory-set size (2,4,6) were 595 (154), 664 (138) and 712 

(178) ms respectively.  After a 16 week aerobic exercise training intervention by 

Madden, Blumenthal, Allen and Emery (1989), the aerobic group VO2 max increased 

11.2% and it was constant for the yoga and wait-list control groups.  Performance on 

reaction-time tests of attention and memory retrieval was slower for the older adults than 

for a comparison group of 24 young adults.  Mean reaction time in work comparison was 

332 milliseconds higher for older adults than for young adults and there was no 

improvement in the older adults� performance on these tests as a function of aerobic 

exercise training (Madden, et al., 1989).   

 Sparrow and Wright, (1993) examined the effects of three types of six-minute 

aerobic exercise segments on performance of cognitive tasks.  The exercise groups 

performed bench stepping at mean power outputs of either low (47 watts), moderate (75 

watts), or high (120 watts).  The age mean (SD) of the participants was 24.8 (4.1) years.  

There were no changes in the mean (SD), Raven�s Standard Progressive Matrices among 

the low [pretest 9.5 (1.8), posttest 11.7 (2.5)] sec, moderate [pretest 10.4 (1.9)  posttest 

11.3 (2.8)] sec and high [pretest 10.2 (1.6), posttest 9.8 (3.0)] sec. exercise groups.  The 

arithmetic scores were significantly higher (p< 0.05) on the posttest.  The results from the 

exercise groups included, low [pretest 8.8 (1.5), posttest 9.2 (1.1)] sec, moderate [pretest 

9.0 (1.9), posttest 9.0 (1.5)] sec, and high [pretest 8.4 (1.1), posttest 9.7 (2.5)] sec.  There 
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were no significant differences between the groups in pre or posttests.  The overall results 

suggested that short duration aerobic exercise programs have no effect on cognitive 

performance.  In contrast, Van Boxtel, Paas, Houx, Adam, Teeken, & Jolles (1997) in a 

cross-sectional aging study of aerobic capacity and cognitive performance revealed 

different results.  The study included 132 healthy participants between 24 and 76 years of 

age.  When VO2 max was entered into the regression model, there was an increase in 

main effects of two of the four subtests that reflected complex cognitive speed.  Stroop 

color and word inference R
2 

increased by 1% and Concept Shifting Test (letter/digit 

cancellation) R
2 

increased by 2% (p< 0.05).  Again, R
2 

increased significantly for both 

tests on introduction of the interaction effects with aerobic capacity and age by 2% (p< 

0.01) and 5% (p< 0.001), respectively.  In addition, R
2 

of the movement time of the 

choice reaction time tasks increased by 2% (p< 0.05).   

 On the other end of the spectrum, Hill, Storandt and Malley, (1993) explored the 

impact of a 12 month, long term intensive endurance exercise program on cognitive 

function in older adults.  There was a nearly 23% increase in VO2 max over baseline, 

however, the mean (SD) results did not lead to improvements on the Wechsler Memory 

Scale Logical Memory subtest [pre 11.5 (3.12), post 11.57 (3.04)], Crossing-off ( a 

measure of psychomotor speed) [pre 184.89 (33.00), post 186.58 (31.36)] ms, and the 

Wechsler Adult Intelligence Scale Revised (WAIS-R), Digit symbol subtest [pre 55.42 

(11.58), post 57.60 (11.51)].  Blumenthal et al., (1989) produced a variety of favorable 

changes after a 4-month aerobic exercise training study.  The 101 healthy, older men and 

women were randomly assigned to an aerobic exercise group, a yoga and flexibility 

control group or a waiting list control group.  There was an overall 11.6% increase in 

peak VO2 and a 13% increase in aerobic threshold.  There were significant multivariate 

main effects for sex and time for the memory function tests (p< 0.02).  The array of 

memory function tests included Digit Span, Benton Visual Retention Test, the Randt 

Short Story Subtest and the Selective Reminding Test.  Men scored higher on Digit Span 

[T1= 9.3 (2.7), T2= 9.8 (2.8)] than women [T1= 8.6 (2.5), T2= 8.0 (2.3)] p< 0.01.  

However, women scored higher on the Selective Reminding Test [T1= 9.7 (2.3), T2 = 9.6 

(3.0)] than men [T1 = 9.3 (2.8), T2= 9.7 (2.9)] p< 0.03.  There was a significant 

multivariate main effect for time (p< 0.01) in the Trail Making Test (Part B) for males 
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[T1 = 83.8 (34.2), T2 = 76.1 (22.8)] and females [T1= 81.3 (24.3), T2= 83.1 (32.0)] as 

well as the Digit Symbol Subtest for males [T1= 50.1 (9.9), T2= 50.5 (9.3)] and females 

[T1= 52.1 (8.5), T2= 54.6 (8.6)].  There was also a significant sex main effect for 

Nonverbal Fluency (p< 0.01) where men achieved higher scores [T1= 17.3 (3.8), T2= 

19.2 (3.3)] than women [T1= 14.4 (3.8), T2= 15.5 (3.7)].  There were no significant 

changes for verbal fluency.  In conclusion, Blumenthal et al. (1989) did note that the 

neuropsychological test improvements were not unique to a particular group and changes 

were probably the result of practice and increased familiarity with the tasks.   

 

Chronic Obstructive Pulmonary Disease and the Relationship to Cognition  

 Chronic Obstructive Pulmonary Disease (COPD) is defined as a disease state 

characterized by the presence of airflow obstruction due to chronic bronchitis or 

emphysema; the airflow obstruction is generally progressive, may be accompanied by 

airway hyperreactivity, and may be partially reversible (Standards for the Diagnosis and 

Care of Patients with COPD, 1995). The primary cause of COPD is without question 

exposure to tobacco smoke and is ranked as the forth leading cause of death.  The Forced 

Expiratory Volume in one second (FEV1) in nonsmokers without respiratory disease 

declines by 25 to 30 ml per year beginning at about age 35.  The rate of decline is steeper 

for smokers than for nonsmokers and the heavier the smoking the steeper the rate.  

Because of the proposed link between cognitive functioning and oxygen transport, the 

study of cognitive function in older individuals with COPD is of particular interest.  

Arterial oxygen desaturation may develop in these patients as a result of their disease due 

to prolonged hypoxemia.  This decline in arterial oxygen content could subsequently 

result in a decrease in oxygen transport to the brain.  Persons with COPD are usually 

caught in a vicious cycle of various processes that result in age-related declines in blood 

flow, disease-related declines in arterial blood content and both age-disease declines in 

physical activity.   

 Research has indicated that COPD patients experience declines in a number of 

cognitive functions such as reaction time, memory, abstract reasoning skills and complex 

visual-motor processes relative to normal adults (Emery, et al., 1991; Emery et al., 2001; 

Etnier, et al., 1999; Hjalmarsen, Waterloo, Dahl, Jorde, & Viitanen, 1999).   
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Chronic Obstructive Pulmonary Disease: The Effects of Exercise on Cognition 

 Individuals with COPD are frequently hypoxemic and deconditioned.  These 

individuals exhibit a rapid decline in functional aerobic capacity because of ventilatory 

limitations and a sedentary lifestyle.  As stated previously, COPD patients typically 

display declines in a number of cognitive functions.  However,  as with normal older 

adults, aerobic fitness levels of COPD patients have been found to be positively related to 

cognitive functioning and exercise training in COPD patients and have been shown to be 

associated with improvements in cognitive parameters.  It must be noted that all of the 

studies did not use the same types of subject parameters/groups, exercise prescriptions or 

the same types of cognitive performance measures.   

 In an effort to evaluate acute exercise effects on cognition, 29 people with COPD 

and 29 healthy control participants were studied by Emery, Hon, Frid, Lebowitz and Diaz 

(2001).  The hypothesis of this unique study was that a brief bout of exercise would be 

associated with greater improvements in cognitive performance than a video-watching 

control condition.  All participants completed a one time 20 minute exercise condition to 

reach peak levels and a video control condition in which they watched two educational 

videotapes describing benefits of exercise and cholesterol reduction.  The sessions for 

each condition were separated by 1 week.  Pre-test and posttest data were collected.  

Among participants with COPD, acute exercise was associated with improved 

performance only on the Verbal Fluency test (p= 0.018), reflecting enhanced ability to 

sequence responses and generate words.  The least-square mean (+ standard error) for 

Verbal Fluency among the COPD exercise group were pretest 28.5 (2.4) and posttest 30.8 

(2.1) ea.  There were no significant interaction effects for Trail Making, Digit Symbol 

test, Digit Span and Finger Tapping test.  There were no changes among participants with 

COPD in the video condition or among healthy participants in either condition.  The 

authors reported that the absence of an effect for short-term memory, attention and 

psychomotor speed suggests that the latter components of cognitive performance may be 

less responsive to acute exercise among patients with COPD.  There are many questions 

regarding the mechanisms by which acute exercise influence cognitive function.  Data 

from this study appear to support a biological based model in which acute exercise is 
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thought to enhance function via improved neurotransmitter functioning in the brain.  The 

authors referred to the work by Dustman, et al., (1993) which identified that the synthesis 

of neurotransmitters (acetylcholine and the biogenic amines, dopamine, norepinepherine 

and serotonin) decreases with mild hypoxia which is believed to occur in normal aging.  

The authors also pointed out that those with COPD usually have varying ranges of 

hypoxia which reduces neurotransmitter function even further, below that of normal 

aging.   

 A previous study by Emery, Leatherman, Burker and MacIntyre (1991) set out to 

test the hypothesis that COPD participants completing a 30 day pulmonary rehabilitation 

would experience improved physiologic performance, cognitive functioning and 

psychological well-being.  Sixty-four subjects, 53-82 yr of age participated in the 

program consisting of exercise, education and psychosocial counseling (5 days a week 

for 4 hours each day).  There was no control group.  There was a significant gender effect  

(p< 0.05) as well as a significant time effect (p< 0.001) with Trail Making A [male T1= 

42.10 (18.20), T2=  39.93 (17.45)] female T1= 37.28 (13.55), T2= 33.26 (9.22)], Trail 

Making B [male T1= 133.25 (62.88), T2= 99.36 (57.17)] [female T1= 112.82 (57.54), 

T2= 72.42 (25.67)] and Digit Symbol [male T1= 38.32 (10.88), T2= 43.94 (12.14)] 

[female T1= 45.97 (11.89), T2= 52.58 (11.58)].  Univariate results indicated that males 

performed significantly better on Trail Making B and Digit Symbol, and that all subjects 

improved significantly on those measures.  No significant effects were observed with the 

two-digit span test.  The tapping speed for dominant/non-dominant hands indicated 

significant effects of gender (p< 0.05) and time (p< 0.05).  The dominant hand tapping 

speed results for men were T1= 44.19 (9.16), T2= 46.24 (8.47) and for women T1= 39.43 

(8.13), T2= 43.04 (7.35).  Non-dominant hand tapping speed results for men were T1= 

40.75 (7.17), T2= 42.20 (5.27) and for women T1= 37.60 (7.58), T2= 37.82 (6.23).  

Univariate results demonstrated that males performed better than females with both hands 

and that significant improvements were observed in tapping with the dominant hand but 

not the non-dominant hand.  Although the data suggested the efficacy of exercise 

rehabilitation on those with COPD, the authors stated the results should be considered 

with caution.  Since there was no control group, it was impossible to clarify the nature of 

the results in cognitive testing.  The results could have occurred as a result of practice 
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effects, decreased depression and anxiety or as a result of enhancements in central 

nervous system functioning and brain metabolism.  The authors did not speculate on the 

causes of the gender differences or the changes in dominant and non-dominant hands.  A 

randomized study with a control group would be recommended for future research.    

 Following the recommendations from the previous 1991 study described above, 

Emery, Schein, Hauck & MacIntyre (1998) performed another study involving 79 older 

adults with COPD.  The participants were randomly assigned to one of three groups for 

10 weeks.  The three groups included an exercise, education and stress management 

(EXESM) group; an education and stress management (ESM) group; or a wait list (WL) 

group.  The purpose of the study was to identify improvement in cardiopulmonary 

function, psychological well-being, COPD knowledge, HRQL and cognition with 

performance of exercises.   There was a 16% increase in VO2 max in the EXESM group 

[T1=12.4 (4.3), T2=14.4 (4.5)] ml/kg/min.  This increase is worth mentioning, because a 

16% increase is consistent with other training studies among healthy older adults.  

Cognitive results showed no significant effects in Digit Vigilance and Finger Tapping 

test.  Trail Making and Digit Symbol indicated a significant time main effect (p< 0.001) 

in all three groups.  Results for Trail Making A include EXESM [T1=40.5 (16.2), 

T2=33.5 (9.7))], ESM [T1=46.6 (22.7), T2=40.5 (16.2)], and WL [T1=38.6 (17.7), 

T2=34.5 (13.5)].  Trail Making B results include EXESM [T1=152.4 (126.4), T2= 102.6 

(50.0)], ESM [T1= 175.5 (113.8), T2= 149.3 (123.3), and WL [T1=131.4 (49.9), 

T2=111.0 (67.4)].  Results for Digit Symbol include EXESM [T1=46.0 (13.4), T2=51.0 

(12.3)], ESM [T1=38.4 (11.1), T2=41.9 (10.1))], and WL [T1=43.8 (12.4), T2=48.2 

(12.6)].  Verbal fluency performance indicated both a time main effect, (p< 0.01) and 

Time X Group interaction (p< 0.001).  Participants in the EXESM group improved 

significantly [T1=28.6 (6.2), T2=33.9 (7.2)], but those in the control condition did not 

change.  The significant interaction for Verbal Fluency suggests EXESM was associated 

with greater efficiency of verbal processing.  The data support the recommendations that 

exercise may have an effect on tasks assessing executive function.  The authors noted that 

the improvement of trail making and digit symbol in all three groups were probably due 

to practice effects.  It is important to note the changes in mood.  The analysis of 

depression mood indicated a significant time main effect p< 0.001 in the EXESM group 
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[SCL-Depression T1=59.2 (7.6), T2=53.8 (5.7)] and a significant Time X Group 

interaction, p< 0.05.  Post analysis of within group change across time indicated 

significant reductions in depression in both the EXESM and WL groups but no change in 

the ESM group.  This was contrary to the original hypothesis indicating significant 

differences between the EXESM and ESM groups, p< 0.01.  In reference to anxiety, there 

was no group or time main effect but there was a significant Time X Group interaction, 

p< 0.05 [STAI-State Anxiety T1=36.9 (8.9), T2=33.2 (8.7)].  Contrary to the hypothesis, 

contrasts indicated a significant difference between EXESM and ESM, p< 0.05.  Post hoc 

evaluation of within group change across time indicated significant reductions in anxiety 

among EXESM group but not among the ESM or WL group.  Possible mechanisms by 

which exercise might affect mood and cognitive processing are through changes in 

release and uptake of brain neurotransmitters and changes in sympathetic nervous system 

activity (Dustman et al., 1993).   

 Etnier & Berry (2001) performed a study to assess the effects of a 3-month (short 

term group) and an 18-month (long-term group) exercise program on fitness and 

cognition in 29 patients with COPD.  Exercise sessions were scheduled 3 times a week.  

There was no control group.  The authors hypothesized that all participants would 

improve in measures of fitness and cognition after 3 months and 18 months of training.  

Those in the long term group would have continued improvement while the short term 

group would have declines.  Cognitive testing included only assessments of fluid 

intelligence.  Fluid intelligence is defined as culture free performance in abstractions and 

relations better known to represent the abilities of reasoning and problem solving.  To 

objectively test fluid intelligence, forms A & B of scale 3 of the Cultural Fair (CF) 

Intelligence Test were used.  It must be noted that the time limit to perform each subtest 

was doubled for the participants, limiting the ability to make comparisons to the general 

population.  Assessments for the 29 participants were made at baseline, at 3 months and 

at 18 months.  After 3 months of exercise, a significant increase (P< 0.001) was found in 

fluid intelligence from baseline 18.52 (6.07) to three months 23.45 (5.44).  There was a 

significant increase in walk distance (P< 0.001) from baseline 1614.3 (392.43) m to three 

months 182.31 (368.50) m.  There was also a significant increase in VO2 peak (P< 0.01) 

from baseline 18.27 (3.69) ml/kg/min to three months 19.21 (4.19) ml/kg/min.  There 
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were no changes in pulmonary function variables.  The study proceeded with 15 

additional months of either continued participation in the exercise program or departure 

from the formal exercise program.  There was a significant increase (P< 0.03) in walking 

distance for the long-term exercisers from 3 months 2041.50 (202.34) m to 18 months 

2081.88 (161.64) m.  Results also revealed a significant decrease (P< 0.03) in walking 

distance for the short term exercises from 3 months 1959.71 (282.26) m to 18 months 

1883.86 (273.98) m.  At 18 months, results indicated that cognitive performance did not 

differ between the short and long-term exercise groups.  There were no significant 

changes in pulmonary function variables after the long-term exercise group completed 18 

months of exercise.  The authors reported difficulties in interpreting the results in 

cognition at 18 months and acknowledged that their statistical power at that point was 

low.  They suggested that the effect sizes are actually indicative of meaningful changes in 

cognitive function from 3 to 18 months for the long-term group.  Examination of the 

effect sizes for the groups indicated that there was essentially no change in fluid 

intelligence from 3 to 18 months for the short-term group (ES= -0.03), whereas the long-

term group had a moderate improvement in fluid intelligence (ES= 0.47) from 3 to 18 

months.  Also, the effect size for the comparison of fluid intelligence at 18 months 

between the long-term group and the short-term group was 0.99, which indicates that the 

long-term group was performing better than the short-term group.  With all of this taken 

into consideration, continued improvement in cognitive functioning did occur for the 

long-term group and the expected maintenance of cognitive functioning performance did 

occur in the short-term group.  The authors believe that statistical significance might have 

been reached had their sample size been larger.   

 The purpose of a study by Etnier, Johnston, Dagenbach, Pollard, Rejeski and 

Berry (1999) was to explore the relationship between age, pulmonary function, aerobic 

capacity and cognitive performance in 98 participants with COPD.  It was hypothesized 

that there would be a negative relationship between age and cognitive performance, while 

there would be a positive relationship between aerobic fitness and cognition and between 

measures of pulmonary function and cognitive performance.  For this particular study, 

data were taken from the initial screening visits before participation in an exercise 

program.  Age, depression, education level, aerobic fitness, blood oxygen saturation 
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levels and pulmonary function were assessed.  Cognitive results include: First: After 

controlling for education and depression (r
2
= 0.21), performance on the six minute walk 

(r
2 

= 0.17) and age (r
2 

=0.08) were significant predictors of fluid intelligence.  Age was 

negatively associated [mean (SD), 67.88 (5.78)] and the six-minute walk test [mean (SD), 

1,568.53 (368.21)] m was positively associated with fluid intelligence.  The strength of 

the relationship of these variables was able to predict 28% of the variance in fluid 

intelligence.  Second: On the speed of processing task, performance on the six minute 

walk    r
2 

= 0.20, [mean (SD), 1,557.41 (279.51)] m, maximum voluntary ventilation 

(MVV) r
2 
= 0.16, [mean (SD), 65.44 (28.74)] L/min, and age r

2 
= 0.10, [mean (SD), 67.24 

(6.65)] were significant predictors.  The six-minute walk test performance accounted for 

20% of the variance in the speed of processing tasks.  In response to previous research, 

speed of processing may be one of two cognitive variables that are capable of explaining 

a large portion of the age-related variance in cognitive functioning.  Since aerobic fitness 

was found to be associated with speed of processing, there may be a possibility that 

cardiovascular mechanisms may mediate the relationship between age and speed of 

processing and ultimately between age and performance on many cognitive tasks.  Third: 

Forced vital capacity (FVC) was a significant predictor r
2 

= 0.18, [mean (SD), 53.17 

(8.98)] L, of working memory span.  The authors were surprised at this revelation 

because age was not a predictor.  This is in contrast to the previous research (Hasher & 

Zacks, 1988; Kramer, Hahn, Cohen, Banich, McAuley, Harrison, Chason, Valil, Bardell, 

Boileau, & Colcombe, 1999).  The possible reasons for the contrast in findings include: 

not enough variance because only older adults were used in the study; the range of 

performance on the memory task was small (scores ranging from 2 to 6) and it was 

possible that this range was too small to make age related differences in the sample.  

Forced vital capacity explained 18% of the variance in performance on the memory span 

task.  The authors questioned whether FVC entering into the equation was more than a 

problem of multicollinearity because of the significant correlations between six-minute 

walk test and VO2 peak.   
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Chronic Obstructive Pulmonary Disease and Depression 

 It has been long suggested that depression is a common emotional disturbance in 

people with COPD who are faced with major physical limitations and decreased quality 

of life issues.  In reviewing studies on the presence of depression in people with COPD, it 

was concluded that no final conclusion could be drawn on the association between COPD 

and depression since the designs of the studies had major drawbacks, such as the absence 

of a control group and small sample sizes (Van Ede, Yzermans & Brouwer, 1999; Borak, 

Matuszewski & Zielinski, 1998).   

 In an effort to provide reliable results, Van Maden, Bindels, Dekker, Ijzermans, 

Van der Ze and Schade (2002) set out to assess the risk of depression in people with 

COPD and its determinants.  A random sample of 162 people with COPD and 359 

controls were included in the study.  In people with COPD (FEV1 < 50% predicted), the 

prevalence of depression was 25.0% compared with 17.5% in controls and 19.6% in 

people with mild to moderate COPD.  After adjustment for demographic variables and 

comorbidity, the risk for depression was 2.5 times greater for people with severe COPD 

than for controls.  In people with mild to moderate COPD the increased risk was not 

found.  The authors speculated that living alone, reversibility of FEV1 % predicted, 

respiratory symptoms and physical impairment were significantly associated with the 

scores on the depression instrument Centers for Epidemiologic Studies Depression (CES-

D).   

 Depression and cognition are related to some degree.  Depression can cause 

cognitive impairment, mainly affecting attention, psychomotor activity and memory 

(Gallassi, Morreale & Pagni, 2001).  The possible symptoms are: involvement in the 

strategic processes when a superior effort in task execution is needed, slowing of motor 

and ideation activity, deficits in concentration with more sensitivity to interference, 

alteration of episodic memory (mainly autobiographical); (Paterniti, Verdier-Taillefer, 

Dufouil & Alperovitch, 2002).  Many organic diseases and lesions (mainly those in the 

left frontal cerebral regions) are responsible for depressive symptoms.  Various 

endocrine, infective rheumatic, oncological, cardiac and pulmonary diseases, deficiency 

of some nutritional components and may types of drugs are responsible for depressive 

symptoms (Gallassi, et al., 2001).   
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 Health related quality of life (HRQL) is frequently used as descriptive instruments 

or as outcome measures among those with COPD.  Since there is no cure for COPD, a 

major goal of care is to improve HRQL.  Research has found three determinants related 

to HRQL including: exercise tolerance, symptoms and emotional status (Engstrom, 

Persson, Larsson & Sullivan, 2001).   

 The aim of a study by Engstrom, Persson, Larsson & Sullivan (2001) was to 

identify the factors most highly related to HRQL in 68 people with COPD.  The HRQL 

instruments included the St. George�s Respiratory Questionnaire (SGRQ), Sickness 

Impact Profile (SIP), Hospital Anxiety and Depression Scale (HADS), and mood 

Adjective Check List (MACL).  Data were collected at baseline and 12 months later.  The 

correlation between FEV1 and SGRQ and the SIP overall scores were -0.42 and -0.32, 

respectively.  However, multiple regression analysis showed that lung function 

contributed little to the variance when dyspnoea-related limitation, depression and six-

minute walk distance (6MWD) were included in the models.  The overall SIP scores 

showed that, with the SGRQ components included in the model, 67% of the overall SIP  

variance was explained.  When SGRQ scores were excluded, depression scores (HADS) 

and 6MWD were the best predictors at 59%.  Lung function alone predicted 29% of the 

overall SIP scores.  The MACL scores showed that MACL was mainly associated with 

the SGRQ activity scores (partial R
2 

= 0.32, p<0.001).  Lung function (partial R
2
=0.08, 

p<0.01) and six-minute walk distance (partial R
2
=0.12, p<0.01) played a minor role.  A 

separate analysis with the HADS scores showed HADS depression to predict 65.5% and 

HADS anxiety a further 6.2% of the variance in the Mood Adjective Check List scores 

(total R
2
=71.7%).   

 

Summary  

 In summary, people diagnosed with COPD experience recurrent productive cough 

and dyspnea due to the progressive irreversible bronchial obstruction.  Treatment 

interventions include medication, hospitalization as needed for acute exacerbation, 

inpatient or outpatient physical and occupational therapy, and participation in formal 

pulmonary rehabilitation programs.  Prolonged hypoxemia results in a decrease in oxygen 

transport to the brain.  Often persons with COPD fall into a vicious cycle of various 
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processes that result in age-related declines in blood flow, disease-related declines in 

arterial blood content and both age-disease declines in physical activity.   

 Studies have indicated that those with COPD experience declines in cognitive 

functions, exercise capacity, HRQL and increased incidence of depression.  Research 

among healthy adults and those with COPD have shown improvements in cognition, 

physiologic performance and psychosocial indicators with participation in exercise 

interventions, however, the results are not conclusive.  The exercise interventions ranged 

from acute to long-term with varying intensities and durations.  Possible mechanisms for 

improvement in function include changes in release and uptake of brain 

neurotransmitters, changes in sympathetic nervous system activity, decreased anxiety and 

depression, increased strength, increased endurance, and practice effects.  Cognition and 

pulmonary function, physiologic functions, psychological functions and HRQL are 

related to some degree.  The inconsistencies in the research may be due to study design, 

sample size and types of assessments utilized.  Additional research is needed to explore 

factors influencing cognition.  The purpose of the present study is to add to the body of 

knowledge by exploring the factors influencing specific areas of cognition in people 

diagnosed with COPD.   
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CHAPTER 3 

METHODS  

 

Subjects  

 

 Men and women diagnosed with COPD residing in the Tallahassee community 

were recruited to participate in the study.  Participants were recruited through a variety of 

sources such as the local Tallahassee Democrat Newspaper, surrounding pulmonary 

physicians� offices, local hospitals, clinics, the local senior center and the local American 

Lung Association office.  Subjects were screened prior to participation for any exclusion 

criteria.  The exclusion criteria included uncontrolled cardiovascular disease, diabetes, 

cerebrovascular disease, blindness, color blindness, psychosis or schizophrenia and 

orthopedic limitations to the hands and legs.  Physician�s consent was obtained for each 

participant before he or she performed the six-minute walk test.   

 

Procedures 

 The study was approved by the Florida State University Human Subjects 

Committee and all participants signed informed consents before participating in the 

study.  After successful completion of the screening process, participants were allowed to 

participate in the study.  Testing was done in the Aging, Functionality & Motor Behavior 

Lab located at the Sandels Building at Florida State University.  Each participant was 

presented with an informed consent, health history questionnaire, medication 

questionnaire and educational assessment.  The participant was asked to read and sign the 

forms.  There was an opportunity to discuss questions and concerns regarding the study 

or testing procedures.  The Sickness Impact Profile Questionnaire was then completed.    

Testing took approximately one hour and thirty minutes with breaks as needed, on the 

first day.  The cognitive tasks were completed in the following order:  Finger Tapping
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Test; Stroop Color and Word Test; A mandatory 10 minute break; Connections Test; 

Controlled Oral Word Association Test (COWAT); A mandatory 10 minute break; Digit 

Symbol Subtest, Vocabulary subtest, and the Beck Depression Inventory.  The pulmonary 

function tests were performed at Florida A & M University on another day.  On a 

separate day, the 6MWD was performed as one of the components in the Continuous 

Scale-Physical Functional Performance Test (Cs-PEP).  The Cs-PEP test was performed 

in the Aging, Motor Behavior, and Functional Performance Lab at Florida State 

University.  The Cs-PEP test consists of tasks that simulate activities of daily living.   

 Educational assessment.  Educational status was coded according to the following 

scale:  1 = no formal education; 2 = grade school (grades 1 to 4); 3 = grade school (grades 

5 to 8); 4 = some high school (grades 9 to 11); 5 = high school graduate or equivalence; 6 

= vocational or training school after high school; 7 = some college; 8 = associate degree 

(AD or AA degree); 9 = college graduate (BA or BS degree); 10 = some college or 

professional school after college; 11 = master�s degree; 12 =  doctoral degree.   

       

Cognitive Testing  

 The cognitive test battery evaluates several domains including attention, motor 

speed, mental efficiency, verbal processing and verbal IQ.   

 Finger Tapping Test - Finger Tapping Test from the Halstead-Reitan Battery is 

used as a reliable indicator of motor speed.  The standard test procedure calls for five 

maximum tapping speed trials by the index finger of each hand for 10 seconds.  The 

standard test procedure calls for five consecutive trials within a five-point range with 

each hand.  The score is the mean for five consecutive valid trials (Reitan & Wolfson, 

1993).   

 Connections Test - Connections Test is used to assess perceptual motor speed and 

sequencing.  The test consists of four separate tasks each containing four trials arranged 

in random order.  In this test the participant will draw lines to connect circles as fast as 

possible.  In the numbers condition (N), the participant connects the circles in numerical 

order (connect circle #1, to circle #2, and so on).  In the letters condition (L), the 

participant connects the circles in alphabetical order (circle A to circle B, and so on).  

Since there are only 26 letters in the alphabet and 49 circles, after the letter Z, the 
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alphabet will begin again with an asterisk before the letter (example *A, *B and so on).  

In the numbers-letters condition (NL) the subject connects the circles by alternating 

between the numeric and alphabetic sequence (i.e. circle 1 to circle A, to circle 2 to circle 

B).  In the letters-numbers condition (LN), the participant connects the circles by 

alternating between letter and numeric sequence (i.e. circle A to circle 1, to circle B to 

circle 2 and so on).  All trials will start with the writing instrument placed in the upper 

left of the page.  The participant will have 20 seconds to complete each trial.   

 Stroop Color And Word Test - The Stroop Color and Word Test is used to assess 

inhibitory processing.  The test consists of three different pages, each containing 100 

words.  On the first page, the words RED, GREEN and BLUE, are printed in black ink 

and arranged in random order.  The participant is instructed to read the words as quickly 

as possible in 45 seconds.  The second page consists of only four letters �XXXX� printed 

in red, green or blue ink.  The participant is instructed to read the color as quickly as 

possible in 45 seconds.  The third page contains words RED, BLUE and GREEN 

arranged in random order.  The words are printed in ink whose actual color is different 

from the color it was printed in, for example the word BLUE is printed in red ink.  The 

participant is instructed to name the color of the ink the word is printed in as quickly as 

possible in 45 seconds (Golden, 1978).   

 Controlled Oral Word Association Test - The Verbal Fluency Battery � 

Controlled Oral Word Association Test  (COWAT); Benton and Hamsher, (1976) is an 

executive function task in which the participants are provided a letter of the alphabet (F, 

A and S) and asked to generate as many words as possible that begin with that letter 

within one minute.  Total numbers of words produced across the three trials were 

recorded.   

 Vocabulary Subtest - The Vocabulary Subtest for Verbal IQ from the Wechsler 

Adult Intelligence Scale-Revised (Wechsler, 1981).  The participants are presented with 

33 words, one at a time, and asked to define the given word to the best of their ability.  

The verbal responses were recorded and compared to an answer key and assigned a score 

ranging from 0 � 2 points.  The combined scores of all 33 words were given a total score.   

 Digit Symbol Subtest - The Digit Symbol subtest of the Wechsler Adult 

Intelligence Scale-Revised is a common test of psychomotor performance (Wechsler, 
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1981).  The participant copies symbols that are paired with numbers.  Using a key, the 

examinee draws each symbol under its corresponding number.  The score is determined 

by the number of symbols correctly drawn within the 120 second time limit.  The 

maximum score is 133.   

     

Daily Activity Report 

 Seven Day Physical Activity Recall - The Seven Day Physical Activity Recall 

Questionnaire: The Seven Day Physical Activity Recall (7DPAR-Day) was developed by 

the Stanford Heart Disease Prevention Program for use in community based health-

education risk reduction studies.  Participants are asked to list how many hours they 

sleep.  They are then shown examples of moderate, hard and very hard activities on a 

card and asked to estimate the total hours they engaged at the level of activity and the 

type of activities which produced it.  Light activity is calculated as the number of hours 

out of 24 hours not included in sleep or in moderate, hard or very hard activity.  To 

calculate the metabolic equivalent of the amount of oxygen consumed per kilogram of 

body weight per minute at rest (MET), the numbers of hours of sleep, and of light, 

moderate, hard and very hard activities are multiplied by factors of 1, 1.5, 4, 6, and 10 

respectively.  This yields the number of MET hours/day � 1, which can then be converted 

to kcal/day or kcal/kg/day for energy expenditure (Sallis, Haskell, Wood, Fortmann, 

Rogers, Blair & Paffenbarger, 1985).   

 

Assessment of Psychological Well-Being and Health-Related Quality of Life 

 Beck Depression Inventory - The Beck Depression Inventory (BDI) is a 21 item 

self-report rating inventory measuring the domains of depression.  The participants are 

asked to read each group of statements carefully, circle the number (0,1,2, or 3) next to 

the one statement in each group which best describes the way they have been feeling the 

past week, including the day of the test.  If several statements within a group seem to 

apply equally well, the participants will circle each one.  The scores are totaled and the 

corresponding range indicates level of depression.  Scores from 0-9 are considered within 

the minimal range; scores of 10-16 indicate mild depression; scores of 17-29 indicate 



 31

moderate depression; and scores of 30-63 indicate severe depression (Beck & Steer, 

1978).   

 Sickness Impact Profile -   The Sickness Impact Profile (SIP) is a well-known 

generic health status, extensively validated questionnaire (Damiano, 1996), constructed to 

facilitate comparisons between different health conditions over a range of important 

functional aspects (Bergner, Bobbitt, Kressel, Pollard, Gilson & Morris, 1976).  It 

consists of 136 weighted items, grouped into 12 categories:  ambulation (A), body care 

and movement (BCM), mobility (M), emotional behavior (EB), social interaction (SI), 

alertness behavior (AB), communication (C), work (W), sleep and rest (SR), eating (E), 

home management (HM) and recreation and pastimes (RP).  A score of 1 indicates no 

dysfunction, a score of > 0 < 10 indicates slight to moderate dysfunction and a score of > 

10 indicates marked dysfunction.  The scores for the categories A, BCM and M form a 

physical dimension (Phd) and the scores for the categories EB, SI, AB and C form a 

psychosocial dimension (Psd).  All 12 categories are included in an overall SIP score 

(SIP overall).   

 

Physiological Testing 

 Six Minute Walk Distance Test - The Six Minute Walk Distance Test (6MWD) is 

a sub maximal test used to assess exercise capacity.  After resting in a chair, the 

participant stands and rates his/her baseline dyspnea and overall fatigue using the Borg 

Scale.  The participant is instructed to walk as far as possible for 6 minutes.  After the 

walk test, Borg dyspnea, measures of oxygen saturation (SpO2) and fatigue levels are 

taken.  The experimenter records the number of laps from the counter and any additional 

distance covered.  The total distance walked will be calculated, rounding to the nearest 

meter, and recorded on the worksheet.  There are current guidelines for the Six Minute 

Walk Test provided by the American Thoracic Society (2002).   

 Pulmonary Function Tests - The following pulmonary function tests Forced 

Expiratory Volume in One Second (FEV1), Forced Vital Capacity (FVC) and the Ratio 

of FEV1 to FVC (FEV1/FVC) were calculated per the protocol by the cardiopulmonary 

laboratory at Florida A & M University (see Appendix L).     
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Data Analysis  

 All analyses were performed using the Statistical Package for Social Services, 

version 11.0 for Windows 2002 (SPSS Inc; Chicago IL).   

 Because of the explorative nature of the present study, the analysis of data was 

divided into a five step process.  In the first step, bivariate correlations were performed 

among all of the independent variables and dependent cognitive domain variables.  There 

were three independent variable categories with two or more variables, pulmonary 

function tests, 7DPAR, and SIP.   The second step included the selection of the best one 

score independent variables, per category for the final correlations and preparation for the 

multiple regressions.   The cognitive domains included:  motor speed (Finger Tapping); 

perceptual motor speed and sequencing (Connections Test); inhibitory processing (Stroop 

Color and Word Test); verbal fluency (Controlled Oral Word Association Test); and 

psychomotor performance (Digit Symbol Subtest). Three of the five cognitive domain 

categories also had two or more variables.    Step three included the selection of the best, 

one score among the categories of cognitive domain dependent variables based upon 

intercorrelations.   Step four included the testing of the correlational hypotheses.  Step 

five includes testing of the hypotheses using a multiple regression for each cognitive 

domain.  For all tests, significance was set at alpha 0.05.   
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CHAPTER 4 

RESULTS 

 

Overview of Results  

 

 The goal of the present research study was to investigate the relationships among 

various independent variables and their effects on cognitive domains in individuals with 

COPD.  This study was unique in its design because it explored the relationships among 

five different cognitive domains whereas previous research usually focused on one to 

three cognitive domains.  The current chapter was divided into sections, integrating the 

steps discussed in the data analysis as well as detailed analysis of each cognitive domain.  

In order to preserve the continuity of the cognitive domain, each domain subsection will 

include the bivariate correlation, the multiple regression analyses and testing of the 

hypotheses. 

 

Section 1:  Participant Descriptive Analysis  

 A total of 22 people with COPD were initially recruited for this study.  Among 

the potential participants, 5 were ineligible; 3 dropped out and one declined due to 

schedule conflicts.  Thus, 13 participated in the entire of the study.  The 5 males and 8 

females ranged in age from 45 to 85 years with a mean of 69.08 + 10.56 years of age.  

Educational level was diverse among the participants (see Table 1).  Among the 

participants 1 (7.69%) used oxygen whenever needed, 2 (15.38%) used oxygen nights 

only, 2 (15.38%) used oxygen 24 hours a day and 8 (61.54%) used no oxygen.  

Descriptive data are presented in Table 1.  The means, standard deviations and range of 

scores among the five cognitive domain category measures are presented in Table 2.  
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Table 1 

Characteristics of 13 participants with COPD.  

Variable                                         N         %          Mean              (SD)                Range   
      

Age (years)    69.08 (10.56) 45.00 � 85.00 

Gender      

     Male 5 38.5    

     Female 8 61.5    

Education      

     Grade school (grades 5-8) 1 7.7    

     Vocational training 1 7.7    

     Some college  4 30.8    

     Some college after degree 2 15.4    

     Master�s degree 3 23.1    

     Doctoral degree 2 15.4    

Hand Dominance      

     Right hand 12 92.3    

     Left hand 1 7.7    

Oxygen Use       

     Whenever needed 1 7.7    

     Night only 2 15.4    

     24 hours a day  2 15.4    

     No oxygen used  8 61.5    

Pulmonary Function Tests       

     FEV1 (L)   1.11 (0.47) 0.52 � 2.12 

     FVC (L)    2.31 (0.86) 1.26 � 4.36 

     FEV1/FVC (%)   0.51 (0.17) 0.32 � 0.85 

Vocabulary Subtest   47.69 (12.22) 28.00 � 65.00 

6MWD (m)   234.52 (130.68) 65.84 � 448.72 

7DPAR-Day (kcal/day)   35.05 (5.25) 31.00 � 50.10 

7DPAR-Week (kcal/wk)   245.40 (36.81) 217.00 � 351.00 

BDI   8.69 (4.66) 2.00 � 19.00 

SIP-Physical Dimension   9.86 (8.55) 0.00 � 28.25 

SIP-Psychosocial Dimension   8.35 (7.89) 0.00 � 29.34 

SIP-Overall Score    12.95 (7.36) 2.03 � 24.49 

Note.  FEV1 = Forced Expiratory Volume in 1 second; FVC = Forced Vital Capacity; FEV1/FVC 

= ratio of FEV1 to FVC; 6MWD = Six Minute Walk Distance; 7DPAR-Day = Seven Day 
Physical Activity Recall-Day; 7DPAR-Week = Seven Day Physical Activity Recall-Week; BDI = 

Beck Depression Inventory; SIP-Physical Dimension = Sickness Impact Profile-Physical 

Dimension; SIP-Psychosocial Dimension = Sickness Impact Profile-Psychosocial Dimension; 
SIP-Overall Score = Sickness Impact Profile-Overall Score.  Higher scores in the Sickness 

Impact Profile indicate a lower quality of life.   
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Table 2 

Means, Standard Deviations and Range of Cognitive Domain Measures. 

Cognitive 
Domain 

Measure  Mean (SD) Range 

Motor Speed Finger Tapping 

Dominant Hand  

47.28 (6.17) 36.60 � 58.20 

 Finger Tapping  

Non-dominant 
Hand 

41.94 (5.34) 33.40 � 51.40 

Perceptual Motor 

Speed & 
Sequencing 

Connections Test 

Numbers 

20.85 (6.00) 10.00 � 30.00 

 Connections Test 

Letters 

22.23 (7.03) 13.00 � 39.00 

 Connections 

Test 

Numbers Letters 

13.46 (5.52) 7.00 � 26.00 

 Connections Test 

Letters Numbers 

13.46 (4.20) 8.00 � 22.00 

Inhibitory 

Processing 

Stroop Word  94.23 (16.82) 68.00 � 129.00 

 Stroop Color 

Test 

64.08 (14.67) 41.00 � 94.00 

 Stroop Color 

Word  

32.69 (8.80) 20.00 � 56.00 

Verbal Fluency COWAT 37.77 (11.85) 15.00 � 52.00 

Psychomotor 
Performance  

Digit Symbol 59.77 (18.90) 21.00 � 99.00 

Note.  Cognitive measures selected for the final representation of each cognitive domain are 

highlighted in bold italic.  COWAT = Controlled Oral Word Association Test 

 

 

Section 2:  Overview of Data Analysis Steps 

 

 Step 1: Bivariate correlations were performed among all of the independent 

variables and dependent cognitive domain variables.  

Step 2: Following the analysis, a careful examination among the independent 

variables was performed.  Since there were two or more variables among the independent 

variable categories: pulmonary function tests, 7DPAR, and SIP, one variable needed to 

be selected as the representative of each category.  Based upon the frequency of use in 

the literature and satisfactory correlations among the dependent variables, the following 

independent variables were chosen:  age, FEV1, vocabulary subtest, 6MWD, 7DPAR-
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Day, BDI, SIP-Overall.  Figure 1 demonstrates the decision tree process among the 

independent variables.   

Step 3:  There was also a need to select one variable for each cognitive domain 

since Finger Tapping, Stroop Color and Word Test and the Connections Test had two or 

more variables.   Selection of one measure for each of the five cognitive domain was also 

performed in respect to intercorrelations among the independent variables and frequency 

of use in the COPD literature.  Two subtests of the Finger Tapping Test were used as a 

measure of Motor Speed, Finger Tapping Dominant hand and Finger Tapping Non-

Dominant Hand.   Due to the differences in the literature regarding gender differences in 

finger tapping (Emery, et al., 1991), Finger Tapping Non-dominant Hand was not 

selected for the cognitive domain Motor Speed.     The four subtests of the Connections 

Test were used as a measure of Perceptual Motor Speed and Sequencing. The four 

subtests include Connections Test Numbers, Connections Test Letters, Connections Test 

Numbers Letters and Connections Test Letters Numbers.  Among the four subtests, 

reported in Table 3, the Connections Test Numbers Letters had the strongest correlation 

among the independent variables.   Therefore, the Connections Test Numbers Letters was 

selected as the measure for the cognitive domain Perceptual Motor Speed and 

Sequencing.  The Stroop Color and Word Test has three sections: Stroop Word, Stroop 

Color, and Stroop Color Word.  The strongest correlation among the independent 

variables was Stroop Color (see Table 3).  Therefore, the Stroop Color subtest was 

selected as the measure for the cognitive domain Inhibitory Processing.  The COWAT 

was selected as the measure for the cognitive domain Verbal Fluency.  The Digit Symbol 

Substitution Test was selected as the measure for the cognitive domain Psychomotor 

Performance.  The complete and final selection of cognitive domain, dependent variables 

are shown in Table 2.  

Step 4:  Intercorrelations among the selected one category independent variables 

and all of the cognitive domain variables are displayed in Table 3.    

Step 5: Since the present study was explorative in nature, every effort was made 

to include a well rounded representation of the independent variables to examine the 

variability among each of the five cognitive domains.  The number of independent 

variables for the multiple regression analysis was reduced in order to reduce the effects of 

multicolinearity. There were five independent variables selected for the multiple 
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regression analysis.  Age, 6MWD, 7DPAR and FEV1 were selected for the multiple 

regression analysis.  The independent variables Beck Depression Inventory (BDI) and 

Sickness Impact Profile-Overall demonstrated a strong, significant correlation .607 (p < 

0.05).  Because of the high correlation only one variable was needed. The design of the 

SIP-Overall is unique because of the combination of physical and psychological 

components.  The BDI was not strongly related to any of the cognitive measures.  For 

these reasons, SIP-Overall was selected for the multiple regression analysis.  The 

vocabulary subtest presented an interesting dilemma.  Based upon the correlations, the 

vocabulary subtest would have been ideal inclusion into the regression model.  However 

the inverse or negative correlations were in opposition to the directional hypothesis # 5.  

The negative correlations were also in opposition to the aging and COPD literature.  With 

the exception of Stroop Color, the correlations among vocabulary subtest and the other 

cognitive domains were non-significant.  Taking everything into consideration, it was 

decided not to add vocabulary subtest into the regression.   As stated again and in Figure  

1, the final independent measures incorporated in the multiple regression analysis 

included Age, 6MWD, 7DPAR-Day, SIP-Overall, and FEV1.   

 

Section 3:  Cognitive Domain � Finger Tapping Dominant Hand 

 Finger Tapping for the Dominant Hand was used as the measure for the cognitive 

domain Motor Speed.   

Correlation Analysis.     

 The bivariate correlations among Finger Tapping Dominant Hand and the 

independent variables are reported in Table 3.   

The variables BDI, SIP-Overall, FEV1, and 7DPAR-D were observed to have 

non-significant, positive relationships with Motor Speed.  Age, 6MWD, and vocabulary 

subtest were observed to have non-significant, negative relationships with Motor Speed.  

Since Finger Tapping Dominant Hand, demonstrated no significance among the 

independent variables, the hypothesis # 1-7 in reference to the specific cognitive domain 

Motor Speed, was not supported.   

 



 38



 39

Table 3 

Correlations Among Independent Variables and Cognitive Domain Measures.   

Note.  * p < 0.05.     ** p < 0.01.     6MWD = Six minute walk distance;  7DPAR-Day = Seven 

day physical activity recall day; BDI = Beck Depression Inventory; SIP-Overall = Sickness 
Impact Profile � Overall  (negative correlations indicate a higher quality of life); FEV1 = Forced 

Expiratory Volume in one second.   

Note:  Bold dependent variables- selected variable for each cognitive domain 

 

   

Multiple Regression 

 The regression results involving the dependent variable, finger tapping dominant 

hand was divided into three sections, Significant F Change, Adjusted R Square for each 

variable, analysis of the overall ANOVA for each model and testing of the hypotheses.  

The results are displayed in Table 4.   

Age, which was added into the model 1, did not have a Significant F Change 

(.065) and accounted for 21.0% of the variation in motor speed.  The overall ANOVA for 

model 1 was not significant.  In model 2 with 6MWD added into the model, there was no 

Significant F Change (.222).  Age and 6MWD, which was not significant accounted for 

25.7% of the variation in motor speed.  The overall ANOVA for model 2 was not 
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Age 

 

 

-.525 

 

-.201 

 

-.372 

 

-.584* 

 

-.570* 

 

-.541 

 

-.747** 

 

-.825** 

 

-.463 

 

-.337 

 

-.792** 

Vocab 

Subtest 

 

-.455 

 

-.056 

 

.100 

 

.036 

 

.043 

 

.063 

 

-.472 

 

-.576* 

 

.004 

 

.390 

 

-.075 

6MWD 

 

-.065 .059 .193 -.020 -.160 .008 .081 .236 -.311 -.047 .257 

7DPAR-

Day 

 

 

.077 

 

.293 

 

-.047 

 

-.153 

 

.069 

 

-.363 

 

.299 

 

.150 

 

.168 

 

-.324 

 

.226 

 

BDI 

 

 

.025 

 

-.091 

 

.043 

 

.219 

 

.103 

 

.302 

 

-.014 

 

.136 

 

.036 

 

.047 

 

.040 

 

SIP-

Overall 

 

-.204 

 

-.613* 

 

-.240 

 

-.242 

 

-.150 

 

.101 

 

-.325 

 

-.212 

 

-.160 

 

.115 

 

-.312 

FEV1 

 

.108 .278 .302 .304 .045 .228 -.082 -.129 -.049 .120 .018 
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Table 4 

Multiple Regression among Predictors and Finger Tapping Dominant Hand.. 

Model R R
2 

Adjusted R
2 

R
2 
Change F Change Sig. F 

Change 

Overall 

ANOVA 

1 .525 .276 .210 .276 4.192 .065 .065 

2 .617 .381 .257 .105 1.695 .222 .091 

3 .622 .387 .183 .006 .089 .772 .201 
4 .644 .415 .123 .028 .386 .551 .311 

5 .664 .442 .043 .026 .330 .584 .435 

a. Predictors:  (Constant), Age  

b. Predictors:  (Constant), Age, 6MWD 
c. Predictors:  (Constant), Age 6MWD, 7DPAR-D 

d. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score 

e. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score, FEV1 
* p < 0.05.  Significance of the overall ANOVA model, see Appendix A.   

 

 

significant.  In model 3 with 7DPAR-D added into the model, there was no Significant F 

Change (.772).  Age, 6MWD and 7DPAR-D, were not significant, but they still 

accounted for 18.3% of the variation in motor speed.  The overall ANOVA for model 3 

was not significant.  In model 4 with SIP-Overall added into the model, there was no 

Significant F Change (.551).  Age, 6MWD, 7DPAR-D, and SIP-Overall, which was not 

significant, accounted for 12.3% of the variation in motor speed.  The overall ANOVA 

for model 4 was not significant.  In model 5 with FEV1 added to the model, there was no 

Significant F Change (.584).  Age, 6MWD, 7DPAR-D, SIP-Overall, and FEV1, which 

was not significant, accounted for 4.3% of the variation in motor speed.  The overall 

ANOVA for model 5 was not significant.   

 The research hypothesis # 8, stated the overall model using the independent 

variables: age, depression scores, HRQL, 6MWD, vocabulary subtest scores, pulmonary 

function and 7DPAR scores make a significant contribution to the cognitive domain 

motor speed.  Based upon the results stated above, the hypothesis was not supported.   

 

Section 4:  Cognitive Domain � Perceptual Motor Speed and Sequencing 

 Connections Test Numbers Letters was used as the measure for the cognitive 

domain Perceptual Motor Speed and Sequencing.    

Correlation Analysis. 

 The bivariate correlations among Connections Test Numbers Letters and the 

independent variables are reported in Table 4.   
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 The variable age was observed to have a strong significant, negative relationship 

with Perceptual Motor Speed and Sequencing (p < 0.05).  The variables BDI, SIP-

Overall, vocabulary subtest, FEV1, and 7DPAR-D were observed to have non-significant 

positive relationships with Perceptual Motor Speed and Sequencing.  The variable 

6MWD was observed to have a non-significant negative relationship with Perceptual 

Motor Speed and Sequencing.  Hypothesis # 1 in reference to age and Perceptual Motor 

Speed and Sequencing was supported.  The hypotheses # 2-7 however, in reference to the 

cognitive domain Perceptual Motor Speed and Sequencing were not supported.    

Multiple Regression.  

 The regression results involving the dependent variable, Connections Test 

Numbers Letters was divided into three sections, Significant F Change, Adjusted R 

Square for each variable, analysis of the overall ANOVA for each model and testing of 

the hypotheses.  The results are displayed in Table 5.   

Age, which was added into the model 1, did have a Significant F Change (.042) 

and accounted for 26.3% of the variation in Perceptual Motor Speed and Sequencing.  

The overall ANOVA for model 1 was significant p < 0.05 (see Appendix B).  In model 2 

with 6MWD added into the model, there was not a Significant F Change (.065).  Age and 

6MWD which was not significant accounted for 43.3% of the variation in Perceptual 

Motor Speed and sequencing.  The overall ANOVA for model 2 was significant p < 0.05 

(see Appendix B).  In model 3 with 7DPAR-D added into the model, there was not a 

Significant F Change (.675).  Age, 6MWD, and 7DPAR-D, which were not significant, 

accounted for 38.3% of the variation in Perceptual Motor Speed and Sequencing.  The 

overall ANOVA for model 3 was not significant. (see Appendix B). 

  In model 4 with SIP-Overall added into the model, there was no Significant F 

Change (.716).  Age, 6MWD, 7DPAR-D, and SIP Overall, which was not significant, 

accounted for 31.8% of the variation in Perceptual Motor Speed and Sequencing.  The 

overall ANOVA for model 4 was not significant.  In model 5 with FEV1 added into the 

model, there was no Significant F Change (.521).  Age, 6MWD, 7DPAR-D, SIP Overall, 

and FEV1 which was not significant accounted for 26.8% of the variance in Perceptual 

Motor Speed and Sequencing.  The overall ANOVA for model 5 was not significant (see 

Appendix B).  
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Table 5 

Multiple Regression among Predictors and Connections Test Numbers Letters 

Model R R
2 

Adjusted R
2 

R
2 
Change F Change Sig. F 

Change 
Overall 
ANOVA 

1 .570 .325 .263 .325 5.288 .042 .042* 

2 .726 .528 .433 .203 4.294 .065 .024* 

3 .733 .537 .383 .010 .188 .675 .064 

4 .738 .545 .318 .008 .142 .716 .136 
5 .757 .573 .268 .028 .457 .521 .216 

a. Predictors:  (Constant), Age  

b. Predictors:  (Constant), Age, 6MWD 

c. Predictors:  (Constant), Age 6MWD, 7DPAR-D 
d. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score 

e. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score, FEV1 

* p < 0.05, significance of the overall ANOVA model, see Appendix B. 

 

The research hypothesis # 9, states the overall model using the independent 

variables: age, depression scores, HRQL, 6MWD, vocabulary subtest scores, pulmonary 

function and 7DPAR scores make a significant contribution to the cognitive domain 

perceptual motor speed and sequencing.  In regards to Perceptual Motor Speed and 

Sequencing, hypothesis # 9 was not supported.     

 

Section 5:  Cognitive Domain � Inhibitory Processing. 

  Stroop Color was used as the measure for the cognitive domain Inhibitory 

Processing.   

Correlation Analysis.  

 The bivariate correlations among Stroop Color and the independent variables are 

reported in Table 3.   

 The variables BDI, SIP-Overall, 6MWD, 7DPAR-D were observed to have a non-

significant positive relationship with Inhibitory Processing.  FEV1 was observed to have 

a non-significant negative relationship with Inhibitory Processing.   Age, which refers to 

hypothesis #1, again had a strong, significant negative relationship with inhibitory 

processing (p < 0.01).   The hypothesis # 1 was the only hypothesis supported in 

reference to Inhibitory Processing.  Even though vocabulary subtest also demonstrated a 

strong, significant negative relationship with Inhibitory Processing (p < 0.01), it was 

however in the opposite direction from hypothesis # 5.  Therefore hypothesis # 5, along 
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with hypotheses 2, 3, 4 and 7 were not supported in reference to the cognitive domain 

Inhibitory Processing.   

 Multiple Regression.  

The regression results involving the dependent variable, Stroop Color was divided 

into three sections, Significant F Change, Adjusted R Square for each variable, analysis 

of the overall ANOVA for each model and testing of the hypotheses.  The results are 

displayed in Table 6.   

 
Table 6 

Multiple Regression among Predictors and Stroop Color 

Model R R
2 

Adjusted R
2 

R
2 
Change F Change Sig. F 

Change 

Overall 

ANOVA 

1 .825 .681 .652 .681 23.525 .001 .001* 

2 .836 .699 .639 .018 .600 .457 .002* 

3 .837 .701 .601 .002 .052 .825 .010* 

4 .856 .732 .599 .031 .933 .362 .020* 
5 .871 .759 .586 .026 .763 .411 .039* 

a. Predictors:  (Constant), Age  

b. Predictors:  (Constant), Age, 6MWD 

c. Predictors:  (Constant), Age 6MWD, 7DPAR-D 
d. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score 

e. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score, FEV1 

* p < 0.05 significance of the overall ANOVA model, see Appendix C.  

 

 Age, which was added into the model 1, had a Significant F Change (.001) and 

accounted for 65.2% of the variation in inhibitory processing.  The overall ANOVA for 

model 1 was significant, p < .05.  In model 2, with 6MWD added into the model, there 

was no Significant F Change (.457).  Age and 6MWD which was not significant 

accounted for 63.9% of the variation in inhibitory processing.  The overall ANOVA for 

model 2 was however significant, p < 0.05 (see Appendix C).  In model 3 with 7DPAR-D 

added into the model, there was no Significant F Change (.825).  Age, 6MWD, and 

7DPAR-D which was not significant, accounted for 60.1% of the variation in inhibitory 

processing.  The overall ANOVA for model 3 was significant, p < 0 .05 (see Appendix 

C).  In model 4 with SIP-Overall added into the model, there was no Significant F 

Change (.362).  Age, 6MWD, 7DPAR-D and SIP-Overall which was not significant, 

accounted for 59.9% of the variation in inhibitory processing.  The overall ANOVA for 

model 4 was significant, p < 0.05, see Appendix C.  In model 5 with FEV1 added into the 



 44

model, there was no Significant F Change (.411).  Age, 6MWD, 7DPAR-D, SIP-Overall, 

and FEV1 which was not significant accounted for 58.6% of the variation in inhibitory 

processing.  The overall ANOVA for model 5 was significant, p < 0.05, see Appendix C.   

 The research hypothesis # 10, states the overall model using the independent 

variables:  age, depression scores, HRQL, 6MWD, vocabulary subtest scores, pulmonary 

function and 7DPAR-D scores make a significant contribution to the cognitive domain 

inhibitory processing.  Based upon the results stated above, the hypothesis was supported 

for models 1, 2, 3, 4, and 5.   

 

Section 6:  Cognitive Domain � Verbal Fluency.  

 The Controlled Oral Word Association Test, (COWAT) was selected as the 

measure for the cognitive domain Verbal Fluency.   

Correlation Analysis.  

 The bivariate correlations among COWAT and the independent variables are 

reported in Table 3. 

 The variables BDI, SIP-Overall, vocabulary subtest, and FEV1 were observed to 

have non-significant positive relationships with Verbal Fluency.  Age, 6MWD and 

7DPAR-D were observed to have non-significant negative relationships with Verbal 

Fluency.  Hypotheses # 1-7, in reference to Verbal Fluency were not supported.      

Multiple Regression.  

The regression results involving the dependent variable, Controlled Oral and 

Word Association Test (COWAT), was divided into three sections, Significant F Change, 

Adjusted R Square for each variable, analysis of the overall ANOVA for each model and 

testing of the hypotheses.  The results are displayed in Table 7.   

Age, which was added into the model 1, did not have a Significant F Change 

(.259) and accounted for 3.3% of the variation in verbal fluency.  The overall ANOVA 

for model 1 was not significant.  In model 2 with 6MWD added into the model did not 

have a Significant F Change (.477).  Age and 6MWD, which was not significant 

accounted for .8% of the variation in verbal fluency.  The overall ANOVA for model 2 

was not significant.  In model 3 with 7DPAR-D added into the model, there was no 

Significant F Change (.254).  Age, 6MWD, and 7DPAR-D, which was not significant 
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accounted for 3.8% of the variation in verbal fluency.  The overall ANOVA for model 3 

was not significant.  In model 4 with SIP-Overall added into the model, there was no 

Significant F Change (.805).  Age, 6MWD, 7DPAR-D and SIP-Overall, which were not 

significant, accounted for 7.3% of the variation in verbal fluency.  The overall ANOVA 

was not significant.    In model 5 with FEV1 added into the model, there was no  

 

Table 7 

Multiple Regression among Predictors and Controlled Oral Word Association Test. 

Model R R
2 

Adjusted R
2 

R
2 
Change F Change Sig. F 

Change 

Overall 

ANOVA 

1 .377 .114 .033 .114 1.414 .259 .259 

2 .400 .160 -.008 .046 .546 .477 .419 

3 .528 .279 .038 .119 1.482 .254 .378 
4 .533 .284 -.073 .006 .065 .805 .561 

5 .535 .286 -.224 .002 .018 .898 .728 

a. Predictors:  (Constant), Age  

b. Predictors:  (Constant), Age, 6MWD 
c. Predictors:  (Constant), Age 6MWD, 7DPAR-D 

d. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score 

e. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score, FEV1 

* p < 0.05, significance of the overall ANOVA model, see Appendix D.  

 

Significant F Change (.898).  Age, 6MWD, 7DPAR-D, SIP-Overall, and FEV1 which 

were not significant, accounted for 22.4% of the variance in verbal fluency.  The overall 

ANOVA was not significant.   

 The research hypothesis # 11, states the overall model using the independent 

variables: age, depression scores, HRQL, 6MWD, vocabulary scores, pulmonary function 

and 7DPAR-D scores make a significant contribution to the cognitive domain verbal 

fluency.  Based upon the results stated above, the hypothesis was not supported.   

 

Section 7:  Cognitive Domain � Psychomotor Performance.  

 The Digit Symbol Substitution Test was selected as the measure for the cognitive 

domain Psychomotor Performance.   

Correlation Analysis.  

 Age, referring to hypothesis 1, was observed to have a strong, significant negative 

relationship with psychomotor performance (p<0.01).  The variables BDI, SIP-Overall, 

6MWD, FEV1, and 7DPAR-D were observed to have non-significant positive 
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relationships with Psychomotor Performance.  Vocabulary subtest was observed to have a 

non-significant negative relationship with Psychomotor Performance.  Based on the 

above results, hypothesis #1 was supported and hypotheses # 2-7 were not supported in 

reference to the cognitive domain, Psychomotor Performance.  

Multiple Regression.  

The regression results involving the dependent variable, Digit Symbol 

Substitution Test was divided into three sections, Significant F Change, Adjusted R 

Square for each variable, analysis of the overall ANOVA for each model and testing of 

the hypotheses.  The results are displayed in Table 8.   

Age, which was added into the model 1, had a Significant F Change (.001) and 

accounted for 59.4% of the variation in Psychomotor Performance.  The overall ANOVA 

for model 1 was significant, p < 0.05 (see Appendix E).  In model 2, with 6MWD added 

into the model did not have a Significant F Change (.627). 

 
 
Table 8 

Multiple Regression among Predictors and Digit Symbol Substitution Test. 

Model R R
2 

Adjusted R
2 

R
2 
Change F Change Sig. F 

Change 
Overall 
ANOVA 

1 .792 .628 .594 .628 18.534 .001 .001* 

2 .798 .637 .564 .009 .251 .627 .006* 

3 .806 .650 .534 .014 .349 .569 .019* 

4 .844 .712 .568 .062 1.709 .227 .027* 
5 .844 .712 .506 .000 .001 .980 .068 

a. Predictors:  (Constant), Age  

b. Predictors:  (Constant), Age, 6MWD 

c. Predictors:  (Constant), Age 6MWD, 7DPAR-D 
d. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score 

e. Predictors:  (Constant), Age, 6MWD, 7DPAR-D, SIP-Overall Score, FEV1 

* p < 0.05, significance of the overall ANOVA model, see Appendix E.   

  

Age and 6MWD, which was not significant, accounted for 56.4% of the variation in 

psychomotor performance.  The overall ANOVA for model 2 was significant, p < 0.05 

see Appendix E.  In model 3 with 7DPAR-D added into the model, there was no 

Significant F Change (.569).  Age, 6MWD, and 7DPAR-D which was not significant, 

accounted for 53.4% of the variation in psychomotor performance.  The overall ANOVA 

for model 3 was significant, p < 0 .05 (see Appendix E).  In model 4 with SIP-Overall 
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added into the model, there was no Significant F Change (.227).  Age, 6MWD, 7DPAR-

D and SIP-Overall which was not significant, accounted for 56.8% of the variation in 

psychomotor performance.  The overall ANOVA for model 4 was significant, p < 0.05 

(see Appendix E).  In model 5 with FEV1 added into the model, there was no Significant 

F Change (.980).  Age, 6MWD, 7DPAR-D, SIP-Overall, and FEV1 which was not 

significant accounted for 50.6% of the variation in psychomotor performance.  The 

overall ANOVA for model 5 was not significant.  

 The research hypothesis # 12, states the overall model using the independent 

variables:  age, depression scores, health related quality of life, six-minute walk distance, 

vocabulary subtest scores, pulmonary function and seven-day physical activity recall 

scores make a significant contribution to the cognitive domain psychomotor performance. 

Based upon the results stated above, the hypothesis was supported for models 1, 2, 3 and 

4.  However, in regards to the overall model, number 5, the hypothesis was not supported.
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CHAPTER 5 

                                        DISCUSSION 

 

                                          Overview of Discussion 

 

 The purpose of the present investigation was to explore factors which influence 

cognition in persons with Chronic Obstructive Pulmonary Disease.  In order to 

understand the unique components of each cognitive domain and the probable underlying 

mechanisms which affect persons with COPD, the discussion will be divided into 

cognitive domain sections.  Within each cognitive domain discussion of the hypotheses 

will be addressed.  The discussion will also include theoretical implications, limitations, 

conclusions and recommendations for future research.   

 

Restatement of the Research Hypotheses 

1. The specific aspects of cognitive performance (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance) 

and age have a significance negative relationship in people with COPD.   

2. The specific aspects of cognitive performance (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance) 

and depression have a significant negative relationship in people with COPD.   

3. The specific aspects of cognitive performance (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance) 

and HRQL have a significant positive relationship in people with COPD.   

4. The specific aspects of cognitive performance (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance
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      and 6MWD have a significant positive relationship in people with   COPD.   

5. The specific aspects of cognitive performance (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance) 

and vocabulary subtest of Verbal IQ have a significant positive relationship in people 

with COPD.   

6. The specific aspects of cognitive performance (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance) 

and pulmonary function have a significant positive relationship in people with COPD.   

7. The specific aspects of cognitive performance (motor speed, perceptual motor speed 

and sequencing, inhibitory processing, verbal fluency, and psychomotor performance) 

and 7DPAR score have a significant positive relationship in people with COPD.   

8. The overall model using the independent variables: age, depression scores, HRQL, 

6MWD, vocabulary subtest scores, pulmonary function and 7DPAR scores make a 

significant contribution to the cognitive domain of motor speed.   

9. The overall model using the independent variables: age, depression scores, HRQL, 

6MWD, vocabulary subtest scores, pulmonary function and 7DPAR scores make a 

significant contribution to the cognitive domain of perceptual motor speed and 

sequencing.   

10. The overall model using the independent variables: age, depression scores, HRQL, 

6MWD, vocabulary subtest scores, pulmonary function and 7DPAR make a 

significant contribution of the cognitive domain of inhibitory processing.   

11. The overall model using the independent variables: age, depression scores, HRQL, 

6MWD, vocabulary subtest scores, pulmonary function and 7DPAR scores make a 

significant contribution of the cognitive domain of verbal fluency.   

12. The overall model using the independent variables: age, depression scores, HRQL, 

6MWD, vocabulary subtest scores, pulmonary function and 7DPAR scores make a 

significant contribution of the cognitive domain of psychomotor performance.   

 

Cognitive Domain � Motor Speed 

 Motor Speed was identified by the measure Finger Tapping Test Dominant Hand.  

The correlation analysis referring to Age, SIP-Overall, FEV1, and 7DPAR-D were non-
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significant, even though they were consistent with the direction of the hypotheses 

regarding Motor Speed (# 1, 3, 6 and 7).   Motor speed slowing with age becomes 

prominent around the fifth decade (Bak and Greene, 1980; Bornstein, 1985; and Heaton, 

Grant & Matthews, 1991).   At the other end of the spectrum, BDI was observed to have 

a non-significant positive relationship with Motor Speed.  This result, however weak, was 

not expected and was opposite proposed hypothesis # 2 regarding Motor Speed.  Studies 

have shown that when one is depressed, their motivation, reaction times, motor speed and 

attention are usually decreased.  However the degrees of deficit areas can vary greatly 

depending upon the population investigated.  As stated in the results section, 6MWD and 

vocabulary subtest, also reported non-significant results contrary to the hypotheses # 4 

and 5.  Generalizations should not be made regarding this particular revelation, because 

the results could change in the opposite direction with a larger sample.   

 The multiple regression research hypothesis #8, was not supported using the 

predictor variables age, 6MWD, 7DPAR-D, SIP-Overall, and FEV1.  It was surprising to 

see only 21.0% of variability accounted for by age alone, 25.7% of variability accounted 

for with 6MWD added and  gradual decreases in variability accounted for as each 

additional variable was entered.   

The areas of the brain involved with motor speed are multifold.  Motor speed 

scores alone should not be a sole component of identification of brain damage.  Other 

considerations should be made including additional testing to assess motor coordination, 

the ability or inability to sustain a motor pattern, sensory deficits or muscle weakness.  

The research performed by Grant, Prigatano, Heaton, McSweeny, Wright, and Adams 

(1987) explored the relationships between levels of hypoxemia in those with COPD and 

neuropsychologic impairment.  The sample included 99 nonpatient control subjects, 86 

with mild hypoxemia (PaO2, > 60 mm Hg), 155 with moderate hypoxemia (PaO2, 50 to 

59 mm Hg), and 61 with severe hypoxemia (PaO2, <50 mm Hg).  One section of tests 

included simple motor skills: Finger Tapping Test (Dominant Hand time) and Grip 

Strength (dominant hand).  Mild hypoxemia seemed to be compatible with relatively 

normal functioning; however both moderate and severe hypoxemia produced 

approximately equivalent decrements in motor function.  The investigators believe that 

once a certain threshold is crossed, motor performance declines with a less steady 
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gradient than declines seen in the perceptual learning-problem-solving area which 

included the tests: Block design, Object assembly, Figure learning; Tactual performance 

Test (TPT) (location), TPT (memory), TPT (total time per block), and Picture 

arrangement.    

 

Cognitive Domain � Perceptual Motor Speed and Sequencing.  

 Perceptual Motor Speed and Sequencing was identified by the measure 

Connections Test Numbers Letters.  The significant correlation results were more 

favorable regarding Age (.-570), with total acceptance of research hypothesis #1.  A 

higher age correlated with a lower Connections Test Numbers Letters score.  The 

variables including vocabulary subtest, FEV1, 7DPAR-D and SIP-Overall, although in 

the direction of the proposed hypotheses, were not significant and therefore hypotheses # 

3, 5, 6, and 7 were not supported. The 6MWD was also observed to be contrary to the 

hypothesis # 4 with a non-significant negative relationship.  BDI was observed to have a 

non-significant positive relationship, which was contrary to the direction of hypothesis 2.  

The SIP-Overall Questionnaire by design has two components, physical and 

psychosocial.  Even though the BDI was contrary to the study results, the SIP-Overall can 

still provide insight regarding the psychosocial component among those with COPD.   

 The Connections Test Numbers Letters which was developed as a modification of 

the Trail Making Test by Salthouse, provided valuable insight regarding Perceptual 

Motor Speed and Sequencing. In the present study, Age and 6MWD together, accounted 

for 43.3% of the variation.  The final model however was not significant in regards to a 

Significant F Change or Overall ANOVA and accounted for only 26.8%.  This revelation 

shows that Age was the primary predictor, and its strength has carried additional 

predictors. Because of its strength, we must be willing to explore the mechanisms 

involved with age and various cognitive variables. 

 The Connections Test as a whole involves multiple components including visual 

closure and visuomotor tracking.  The complex nature of the visual scanning along with 

the motor components, knowledge, motor speed and agility makes this particular test 

sensitive to effects of brain injury.   
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Cognitive Domain � Inhibitory Processing.   

 Inhibitory Processing was identified by the measure Stroop Color Test.  The 

correlation analysis involving age, was strong and significant, whereas the variables SIP-

Overall, 6MWD, and 7DPAR-D were non-supported (# 3, 4, 7).  A higher age correlated 

significantly with Stroop Color Test scores.  Again, on the downside of the spectrum, 

BDI was observed to have a non-significant positive relationship.  Vocabulary subtest 

and FEV1 were also contrary to the research hypotheses (5 and 6).   

 Age, which was added into the multiple regression analysis demonstrated an 

astounding 65.2% of variation accounted for in inhibitory processing.  Comparing the 

range between percentages of variation in inhibitory processing among models 1 to 5, age 

again was shown to be the predominating factor and basically carried the other variables.  

The hypothesis # 10 was supported for all of the models.   

 The Stroop test has been widely known as a measure to identify problems with 

inhibition.  The area of the brain which is usually affected by inhibition is the frontal 

lobe.  The test involves multiple areas including knowledge, visual scanning and acuity, 

and attention.  Slowing with age has been consistently documented (Hasher & Zacks, 

1988; Obler and Albert, 1985; Spreen and Strauss, 1991).  The results also reinforce the 

slowing due to decreased oxygen to the brain as identified in those with COPD (Clark, 

1996).   

 

Cognitive Domain � Verbal Fluency.   

 Verbal Fluency was identified by the measure The Controlled Oral Word 

Association Test, (COWAT).  Correlation among age, vocabulary subtest, and FEV1 

were the only variables whose direction of relationships were consistent with the 

hypotheses, however the results were non-significant and not supported (hypotheses # 1, 

5, and 6). BDI, SIP-Overall, 6MWD and 7DPAR-D, on the other hand, were non-

significant and opposite the direction of the hypotheses # 2, 3, 4, and 7.   

 The regression results were not significant in all areas among the predictor 

variables and therefore hypothesis # 11 was not supported in reference to Verbal Fluency. 

Estes (1974) suggested word fluency tests provide a quantifiable means of finding out 

whether and how well people organize their thinking.  But word fluency delves into more 
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specific components including identification of effective strategies, variations of words, 

the flexibility to think about particular categories and phonological clusters and semantic 

clusters.  Examples of phonological clusters include words that share the same initials 

sound group or letter associations (salute, salvage for S).  Examples of semantic clusters 

include words in which the meanings are either associated (soldier, salute) or shared (salt, 

sugar).  Mechanisms involved with deficits in verbal fluency include frontal lesions, 

regardless of side.  Benton (1968a) reported that persons with right frontal lobe lesions 

produce on average almost one-third fewer FAS words than patients with right frontal 

lesions.  He also identified persons with bilateral lesions tended to lower verbal 

productivity even more.  Salthouse, Fristoe, and Rhee (1966) examined the effects of age 

on the Trail Making Test (TMT), Wisconsin Card Sorting Test (WCST), and word 

fluency (FAS verbal fluency test).  The 259 subjects ranged in age from 18 to 94.  

Reliable effects of age were obtained on the TMT and the WCST, but the effect of age on 

FAS was very small.   

 

Cognitive Domain  - Psychomotor Performance. 

 Psychomotor Performance was identified by the measure Digit Symbol 

Substitution Test.  The correlation between age and Digit Symbol was fully supported 

(hypothesis #1). As age increased, digit symbol scores decreased.   SIP-Overall, 6MWD, 

FEV1 and 7DPAR-D, although in the direction of the hypotheses 3, 4, 6 and 7 were non-

significant and unsupported.  As seen before, BDI and vocabulary subtest were not 

supported and the relationship direction opposite to the research hypotheses (2 and 5).   

 Based upon the regression results, the hypotheses # 12 was supported for models 

1, 2, 3 and 4 (Age, 6MWD, 7DPAR-D, SIP-Overall Score).  Model 5 included Age, 

6MWD, 7DPAR-D, SIP-Overall, and FEV1 which was not significant accounted for 

50.6% of the variation in psychomotor performance.  The overall ANOVA for model 5 

was not significant and therefore the overall model described in hypothesis 12 was not 

supported. The biggest contributor to the variance in Psychomotor Performance was not 

surprisingly Age.  Age accounted for 59.4% of the variation in Psychomotor 

Performance.  Hoyer, Stawski, Wasylyshyn, and Verhaeghen (2004), performed a meta-

analysis investigation and reported that age accounted for 86% of the variance in a 
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regression model using age, education, and year of measurement as predictors of Digit 

Symbol scores.  There was no association between years of education or year of 

measurement and Digit Symbol scores for younger adults or older adults. 

 The Digit Symbol Substitution Test is unique because it is unaffected by 

intellectual ability, memory or learning (Erber, Botwinick, & Storandt, 1981).  Motor 

persistence, sustained attention, response speed, and visuomotor coordination also play 

important roles in a normal person�s performance (Schear and Sato, 1989).  This test is 

sensitive to brain damage and tends to be affected regardless of the location of the lesion.   

 

Theoretical Implications 

  Performances of cognitive tasks among those with or without disease process 

have been prevalent in the literature.  The present study, which is original in its makeup, 

hypothesized  that there was more than one variable to explain the variation in cognition 

in those with COPD   In the area of Motor Control and Learning, one may immediately 

think of the Information Processing Model.  An expanded information processing model 

includes [Stimulus (Input) → Stimulus Identification → Response Selection → Response 

Programming → Movement (Output)] (Schmidt & Lee, 1999).  Reaction time is 

identified by the time to perform the Stimulus Identification, Response Selection and 

Response Programming.  This theory explains some of the rationale for the present study, 

but we must delve deeper.  

 Pashler�s Bottleneck Theory (Pashler, 1993) reinforces the assumption that 

response selection and programming for the second stimulus must wait until the selection 

and programming of the first response is complete.  The focus of these steps include, 

Perception → Response selection and programming → Execution.  Even though this 

theory seems plausible, there are some perceptual speed tasks that require multiple 

switching or attention-redirecting operations.  One example of the significance of 

perceptual speed is coined by a study by Salthouse, Fristoe, McGulthry and Hambrick 

(1998).  In perceptual comparison tasks, the person needs to focus on the first element 

and encode it, switch attention to the second element and encode it, make a decision, 

switch attention to make a response, execute the response, and then switch attention to 

the next item and repeat the sequence of operations.   
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Salthouse proposed the Processing-Speed Theory to explain adult age differences 

in cognition.  The fundamental assumption in the theory is that a major factor 

contributing to age-related differences in memory and other aspects of the cognitive 

functioning is a reduction with increased age in the speed with which many cognitive 

operations can be executed (Salthouse, 1985b).  There are two assumptions to this theory.  

One assumption is that performance in many cognitive tasks is limited by relatively 

general processing constraints, in addition to restrictions of knowledge (declarative, 

procedural, and strategic), and variations in the efficiency or effectiveness of specific 

processes.  The second assumption is that speed of processing is a critical processing 

constraint associated with increased age.  In other words, the speed with which an 

individual performs a cognitive activity is not simply a function of the processes required 

in that activity but also a reflection of his or her ability to rapidly carry out many different 

types of processing operations (Salthouse, 1996).   

 Salthouse (1996) concluded that a moderate to large proportion of the age-related 

variance in many speed variables is shared, or in common, rather than being completely 

independent and distinct.  The study by Salthouse proposed that some of the sharing was 

among reaction time speed and or perceptual speed.   

 The incorporation of these theories into the results of the present study reinforces 

the need to explore the variables which affect cognition.   

 

Limitations of the Study.  

1. A major limitation of the current study was a small sample size.  A larger sample 

size could have possibly yielded stronger correlations and regression results.  

With a larger sample the results incorporating BDI and vocabulary subtest could 

have been different.  It would be interesting to see the variation among the 

variables among a sample of 50 or 100 persons with COPD.   

2. It was interesting to note time and time again the results of the BDI were contrary 

to the hypotheses set out.   Nine participants, 69.33% demonstrated no depression.  

Three participants, 23.08% demonstrated mild depression.  Only one participant, 

7.69% demonstrated moderate depression.  Perhaps another instrument which 
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incorporated depression and anxiety would have been more sensitive to the COPD 

population.   

 

Contributions of the Study. 

1. The correlational results such as those in our study cannot be explained as a cause 

and effect.  However the results give insight to relationships among the various 

variables and specific cognitive domains.   

2.  Addition to the body of knowledge in the area of COPD rehabilitation and 

educational programs.     

3. Addition to the body of knowledge in the area of Occupational Therapy. 

Occupational Therapists by profession work with persons with physical and 

psychosocial disorders.  The results of the present investigation present the 

opportunity to incorporate a wider battery of assessments not only in an 

established Pulmonary Rehabilitation Program, but also in the inpatient, 

outpatient, home health and hospice settings.   

4. Due to the original nature of the present study, the findings can be a springboard 

for future research in the area of COPD rehabilitation, including the design of 

exercise programs, educational programs for the patient and caregiver.     

 

Conclusion 

 The purpose of the original study was to investigate the relationship between age, 

psychological well-being, HRQL, 6MWD, 7DPAR, vocabulary subtest scores, 

pulmonary function values and five specific cognitive domains (motor speed, perceptual 

motor speed and sequencing, inhibitory processing, verbal fluency, and psychomotor 

performance) in a sample of people with COPD.  Seven correlation hypotheses regarding 

each independent variable (age, depression, HRQL, 6MWD, 7DPAR, vocabulary subtest 

scores and pulmonary function) and its relationship with the cognitive domains were 

investigated. A total of 13 people with COPD aged 45 to 85 years participated in the 

study. Significance in age (hypothesis 1) was seen in three of the five cognitive domain 

measures:  Connections Test Numbers Letters [-.570*, p< 0.05], Stroop Color [-.825**, 

p< 0.01], and Digit Symbol Substitution Test [-.792**, p< 0.01].  There were no 
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significant relationships observed with depression (hypothesis 2) as measured by the 

Beck Depression Inventory; HRQL (hypothesis 3) as measured by the SIP-Overall; 

6MWD (hypothesis 4); pulmonary function (hypothesis 6) as measured by FEV1 and 

7DPAR-D (hypothesis 7) and the five cognitive domain measures.  There was an 

unexpected significant relationship observed regarding the vocabulary subtest and Stroop 

Color, however it was in the opposite direction than the recommended hypothesis 5 [-

.576*, p< 0.05].  The multiple regressions were designed to identify the predictors among 

the specific cognitive domains.  The models 1-5 included age, 6MWD, 7DPAR-D, SIP-

Overall, and FEV1.  The following multiple regression analyses were not supported:  

hypothesis 8 regarding Motor Speed; hypothesis 9 regarding Perceptual Motor Speed and 

Sequencing; and hypothesis 11 regarding Verbal Fluency.  Hypothesis 12 regarding 

Psychomotor Performance was fully supported for models 1-4, primarily due to the 

strength of age, however, it was not strong enough for a significant  5
th
 model.   

Hypothesis 10 regarding Inhibitory Processing, however was supported among all of the 

models 1-5.   

One consistent feature noted within the results was the significant percentages of 

variation accounted for by age alone or with age and 6MWD, in the cognitive domains 

perceptual motor speed and sequencing, inhibitory processing, and psychomotor 

performance.  The identified relationships are consistent with the literature except for the 

results from BDI and vocabulary subtest.  The mechanisms for decreased cognition are 

multiple and the present study can be regarded as a springboard for future research in the 

area of COPD.    

There are several theories to explain the results seen in this particular study 

including, the Pashler�s Bottleneck Theory, the Processing-Speed Theory by Salthouse, 

Salthouse (1996) proposed  that a moderate to large proportion of the age-related 

variance in many speed variables is shared, or in common, with reaction time speed and 

or perceptual speed,  rather than being completely independent and distinct.   

 The results of this study can be applicable to rehabilitation professionals who treat 

those with COPD, the body of knowledge as a whole and a springboard for future 

research possibilities. 

   



 58

Recommendations for Future Research 

1. Replicate the study with a larger sample size.  

2. Replicate the study with another mental health assessment, one which provides 

information regarding depression and anxiety among the COPD population.   

3. Replicate the study with an inclusion of an Activities of Daily Living 

Questionnaire, similar to the Functional Independence Measure (FIM) criteria.   

4. Replicate the study with a control group. 
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Cognitive Domain � Motor Speed     Finger Tapping Dominant Hand  
  
Model Summary 
 

Model R 
R 

Square 
Adjusted 
R Square 

Std. Error 
of the 

Estimate Change Statistics 

          
R Square 
Change F Change df1 df2 

Sig. F 
Change 

1 .525(a) .276 .210 5.48187 .276 4.192 1 11 .065

2 .617(b) .381 .257 5.31646 .105 1.695 1 10 .222

3 .622(c) .387 .183 5.57645 .006 .089 1 9 .772

4 .644(d) .415 .123 5.77685 .028 .386 1 8 .551

5 .664(e) .442 .043 6.03506 .026 .330 1 7 .584

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
 
 ANOVA(f) 
 

Model   
Sum of 

Squares Df Mean Square F Sig. 

1 Regression 125.964 1 125.964 4.192 .065(a) 

  Residual 330.560 11 30.051    

  Total 456.523 12     

2 Regression 173.875 2 86.938 3.076 .091(b) 

  Residual 282.648 10 28.265    

  Total 456.523 12     

3 Regression 176.652 3 58.884 1.894 .201(c) 

  Residual 279.871 9 31.097    

  Total 456.523 12     

4 Regression 189.548 4 47.387 1.420 .311(d) 

  Residual 266.976 8 33.372    

  Total 456.523 12     

5 Regression 201.569 5 40.314 1.107 .435(e) 

  Residual 254.954 7 36.422    

  Total 456.523 12     

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
f  Dependent Variable: Finger Tapping Dominant Hand 
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CONNECTIONS TEST NUMBERS LETTERS 

MULTIPLE REGRESSION  
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Cognitive Domain � Perceptual Motor Speed and Sequencing    Connections Test Numbers Letters 
  
Model Summary 
 

Change Statistics 

Model R 
R 

Square 
Adjusted 
R Square 

Std. Error 
of the 

Estimate 

R 
Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .570(a) .325 .263 4.73526 .325 5.288 1 11 .042

2 .726(b) .528 .433 4.15394 .203 4.294 1 10 .065

3 .733(c) .537 .383 4.33356 .010 .188 1 9 .675

4 .738(d) .545 .318 4.55616 .008 .142 1 8 .716

5 .757(e) .573 .268 4.71914 .028 .457 1 7 .521

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
 

 
 ANOVA(f) 
 

Model   
Sum of 

Squares Df Mean Square F Sig. 

1 Regression 118.582 1 118.582 5.288 .042(a) 

  Residual 246.649 11 22.423    

  Total 365.231 12     

2 Regression 192.678 2 96.339 5.583 .024(b) 

  Residual 172.552 10 17.255    

  Total 365.231 12     

3 Regression 196.213 3 65.404 3.483 .064(c) 

  Residual 169.017 9 18.780    

  Total 365.231 12     

4 Regression 199.162 4 49.791 2.399 .136(d) 

  Residual 166.068 8 20.759    

  Total 365.231 12     

5 Regression 209.339 5 41.868 1.880 .216(e) 

  Residual 155.892 7 22.270    

  Total 365.231 12     

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
f  Dependent Variable: Connections Test Numbers Letters 
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STROOP COLOR TEST 

MULTIPLE REGRESSION  
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Cognitive Domain � Inhibitory Processing   Stroop Color Test 
  
Model Summary 
 

Change Statistics 

Model R R Square 
Adjusted 
R Square 

Std. Error of 
the 

Estimate 
R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .825(a) .681 .652 8.64952 .681 23.525 1 11 .001

2 .836(b) .699 .639 8.81140 .018 .600 1 10 .457

3 .837(c) .701 .601 9.26147 .002 .052 1 9 .825

4 .856(d) .732 .599 9.29593 .031 .933 1 8 .362

5 .871(e) .759 .586 9.43647 .026 .763 1 7 .411

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
 
 ANOVA(f) 
 

Model   
Sum of 

Squares Df Mean Square F Sig. 

1 Regression 1759.968 1 1759.968 23.525 .001(a) 

  Residual 822.956 11 74.814    

  Total 2582.923 12     

2 Regression 1806.515 2 903.258 11.634 .002(b) 

  Residual 776.408 10 77.641    

  Total 2582.923 12     

3 Regression 1810.950 3 603.650 7.038 .010(c) 

  Residual 771.973 9 85.775    

  Total 2582.923 12     

4 Regression 1891.609 4 472.902 5.473 .020(d) 

  Residual 691.314 8 86.414    

  Total 2582.923 12     

5 Regression 1959.595 5 391.919 4.401 .039(e) 

  Residual 623.328 7 89.047    

  Total 2582.923 12     

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
f  Dependent Variable: Stroop Color raw score 
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THE CONTROLLED ORAL WORD ASSOCIATION TEST 

MULTIPLE REGRESSION  
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Cognitive Domain � Verbal Fluency     The Controlled Oral Word Association Test  
  
Model Summary 
 

Change Statistics 

Model R 
R 

Square 
Adjusted 
R Square 

Std. Error 
of the 

Estimate 

R 
Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .337(a) .114 .033 11.64826 .114 1.414 1 11 .259

2 .400(b) .160 -.008 11.89662 .046 .546 1 10 .477

3 .528(c) .279 .038 11.61994 .119 1.482 1 9 .254

4 .533(d) .284 -.073 12.27475 .006 .065 1 8 .805

5 .535(e) .286 -.224 13.10568 .002 .018 1 7 .898

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
 
 ANOVA(f) 
 

Model   
Sum of 

Squares df Mean Square F Sig. 

1 Regression 191.807 1 191.807 1.414 .259(a) 

  Residual 1492.501 11 135.682    

  Total 1684.308 12     

2 Regression 269.012 2 134.506 .950 .419(b) 

  Residual 1415.295 10 141.530    

  Total 1684.308 12     

3 Regression 469.100 3 156.367 1.158 .378(c) 

  Residual 1215.208 9 135.023    

  Total 1684.308 12     

4 Regression 478.951 4 119.738 .795 .561(d) 

  Residual 1205.357 8 150.670    

  Total 1684.308 12     

5 Regression 481.996 5 96.399 .561 .728(e) 

  Residual 1202.312 7 171.759    

  Total 1684.308 12     

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
f  Dependent Variable: COWAT 
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Cognitive Domain � Psychomotor Performance   Digit Symbol Substitution Test  
  
Model Summary 
 

Change Statistics 

Model R 
R 

Square 
Adjusted 
R Square 

Std. Error 
of the 

Estimate 

R 
Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .792(a) .628 .594 12.04702 .628 18.534 1 11 .001

2 .798(b) .637 .564 12.47953 .009 .251 1 10 .627

3 .806(c) .650 .534 12.90648 .014 .349 1 9 .569

4 .844(d) .712 .568 12.42604 .062 1.709 1 8 .227

5 .844(e) .712 .506 13.28334 .000 .001 1 7 .980

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
 
 ANOVA(f) 
 

Model   
Sum of 

Squares df Mean Square F Sig. 

Regressio
n 

2689.869 1 2689.869 18.534 .001(a) 

Residual 1596.438 11 145.131    

1 

Total 4286.308 12     

Regressio
n 

2728.921 2 1364.461 8.761 .006(b) 

Residual 1557.386 10 155.739    

2 

Total 4286.308 12     

Regressio
n 

2787.114 3 929.038 5.577 .019(c) 

Residual 1499.194 9 166.577    

3 

Total 4286.308 12     

Regressio
n 

3051.057 4 762.764 4.940 .027(d) 

Residual 1235.251 8 154.406    

4 

Total 4286.308 12     

Regressio
n 

3051.178 5 610.236 3.458 .068(e) 

Residual 1235.129 7 176.447    

5 

Total 4286.308 12     

a  Predictors: (Constant), Age 
b  Predictors: (Constant), Age , Six Minute Walk Distance 
c  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day 
d  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
e  Predictors: (Constant), Age , Six Minute Walk Distance, Seven Day Physical Activity Recall-Day, SIP-Overall Score 
, FEV1 (l) 
f  Dependent Variable: Digit Symbol 
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SEVEN DAY PHYSICAL ACTIVITY RECALL 
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