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Chapter I: Introduction 

 

Cancer continues to affect an extensive number of lives in this country.  With 

over one and a half million new cancer cases diagnosed each year 1, it has been 

estimated that half of all men and one third of all women in the United States (US) will 

be diagnosed with cancer in their lifetime 2.  As such, cancer incidence remains a 

substantial public health problem.  Fortunately, advances in screening and improved 

treatments have led to a recent trend towards longer survival 3.  In fact, about 66% of 

people diagnosed with cancer are expected to live at least five years after diagnosis 4.  

As a result, the cancer survivor population has grown exponentially in the last few 

decades, with over 4% of the total US population now having been diagnosed with 

cancer 4.  Currently, there are over 13 million individuals with a history of cancer alive 

today 1.  As the US population continues to age, these numbers will inevitably climb.  

However, cancer survivorship will continue to not only grow in number of total survivors, 

but also in length of survival.  As of 2007, 4.7 million people who had been diagnosed 

with cancer have lived with the disease for over 10 years, while over one million people 

have lived with the disease for over 25 years 3.  In response to this growing population, 

a greater understanding of these individuals is needed.   

Physical activity (PA) is a behavior that has been examined in relation to cancer 

in the past few decades.  In this short time, an impressive body of literature has been 

accumulated.  Early studies were focused on the relationships between a physically 

active lifestyle and the risk of incident cancers.  With over one hundred epidemiological 

studies dedicated to evaluating the role of PA with the risk of colon and breast cancer, 
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we now know that active individuals can expect up to a 30%-40% reduction and 20%-

30% reduction, respectively, in risk compared to their inactive peers 5.  While there is 

considerably less work dedicated to other cancer types when compared with that of 

colon and breast cancer, there have still been greater than one hundred epidemiological 

studies devoted to PA and cancer risk of other types of cancers, and these findings 

have been generally positive 5.  Lagging behind, however, have been studies of the role 

of PA in cancer survivors.  Early studies were small, uncontrolled trials looking at the 

effects of exercise on components of fitness, and some treatment-related symptoms 6.  

More recently, larger epidemiologic studies have been published examining the role of 

PA in survival, with data suggesting that exercise may extend survival for those 

diagnosed with breast and colon cancer 7-10.  Even more recently, larger randomized 

studies are being done to look at the role of PA in cancer survivors, with various 

biomarkers and symptoms being examined 11, 12.  Through this work, there has been 

consistent evidence that PA is safe during and after cancer treatment and that 

improvement can be made concerning aerobic fitness, muscular strength, and fatigue in 

breast, prostate, and hematologic cancer survivors 13.  Given the number of cancer 

survivors and the improvements in survival, the impact of PA on their day to day lives is 

of great interest.  One important consideration is their health-related quality of life 

(HQOL).    

While the improvement in cancer survivorship has certainly been welcomed, 

research has documented that these survivors may face many physical, emotional, 

social and financial challenges associated with their disease and related treatments 14.  

These complications can detrimentally affect one’s prognosis and HQOL14-16.  HQOL, 
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commonly defined as the extent to which one’s usual or expected physical and 

emotional well-being is affected by a medical condition or its treatment 17, has become a 

focus of many researchers as the HQOL of cancer survivors may differ greatly from that 

of the general public and those with other chronic diseases.  As such, it is necessary to 

better understand the challenges associated with HQOL and their influence on cancer 

survivorship, along with ways to ameliorate these complications whenever possible. 

Within the context of HQOL, there are many gaps in our understanding regarding 

the role of PA in cancer survivorship.  As with other health outcomes, studies of minority 

populations, including Native Americans (NA), are rare18-20.   Additionally, breast cancer 

survivors have been studied more than any other survivor population 5, 6, 14.  In many 

ways, this is a much different population than that of other cancer survivors.  Lung 

cancer is currently the second most commonly diagnosed cancer in men and women 4, 

yet only a handful of studies have looked at the role of PA in lung cancer survivors.  

Finally, a most interesting area that has not yet been examined is the role of PA in 

informal caregivers of cancer survivors.  This dissertation will address these three gaps, 

which will be outlined briefly here. 

 

Native Americans 

We know that not all populations suffer from the challenges associated with 

survivorship equally.  When discussing the many potential health challenges that face 

the US in the future, a large area of consideration is that of health disparities.  Health 

disparities, defined as the differences in health outcomes between groups that reflect 

social inequalities 21, are an area of concern for many health researchers.  Since 1946, 



4 
 

 

the Centers for Disease Control and Prevention have monitored the challenges of the 

nation’s health, with particular focus on reducing the health gaps between the least and 

most vulnerable populations 22.  Health outcomes evaluated among these populations 

include illness, injury, risk behaviors, use of preventative health services, exposure to 

health hazards, and premature death.  While researchers have begun to make 

substantial progress in both improving health outcomes and reducing disparities in the 

US, many differences among racial/ethnic, economic, and other social groups still exist 

19, 21-24.  One of the groups most affected by these disparities is NA 20, 22, 25. It has been 

said that the health of NA may be considered as poor as, if not worse than, the health of 

any other group in the US 18.  There have been well documented health disparities that 

exist between this population and that of the general US population, including 

significantly higher rates of diabetes, mental health disorders, cardiovascular disease, 

obesity, and cancer 20, 22, 25-32. While cancer incidence rates have been decreasing in 

whites and most ethnic minorities over the last decade, research has shown that these 

rates have been failing to decrease among NA living in the US 33.  While advances are 

clearly needed to improve NA cancer prevention in this group, it is important to note that 

NA cancer survivors face many challenges associated with survival specific to their 

ethnicity 25, 34-37.  These challenges may detrimentally affect the HQOL in this 

population, further driving inequality in health outcomes of NA as compared to other 

populations.  Unfortunately, though PA may help to improve HQOL in this group, 

information on the use of PA to improve cancer-related health outcomes specific to NA 

cancer survivors is greatly lacking.  As prognosis and HQOL may be worse in this 
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population than that of the general population and other ethnic minorities, PA may be a 

successful treatment modality. 

 

Lung Cancer Survivors 

While PA is increasingly becoming recognized as an important component of 

survivorship across cancer types, most of the literature available on PA affecting 

symptoms, various biomarkers, and the declines in HQOL found in cancer survivors 

focuses specifically on breast cancer survivors 5, 6, 14.  While encouraging, it is important 

to recognize that each cancer type brings with it its own set of challenges.  As such, it is 

essential to investigate survivors of other cancer types to elucidate the challenges of 

cancer-specific diagnosis and treatments. Research examining the role of PA in 

individuals diagnosed with lung cancer is in its infancy when compared to other major 

cancer sites  5.  Lung cancer survivors face serious complications, both physical and 

mental, specific to their cancer.  Unfortunately, there are few studies evaluating PA in 

this population.   The current evidence does, however, suggest that, as in other 

malignancy types, exercise may be a safe and feasible adjunct treatment option for 

operable lung cancer patients, both before and after resection 13.   

As peak oxygen consumption is a strong predictor for post-surgical complications 

in lung cancer patients, including fatigue, diminished HQOL, and reductions in physical 

function, and as chronic aerobic exercise has been widely established as the most 

effective method to improve peak oxygen consumption, this has become an interesting 

area of research in this population as of late 38.  Findings from this work suggest that 

exercise training programs can improve exercise capacity in both pre- and post-
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operative patients.  While these results are encouraging, most of the studies conducted 

have been pilot studies, utilizing small, convenience-sample designs.  Well-controlled 

trials in this area are needed.    

The relationship between HQOL and PA has begun to be evaluated in this 

population.  PA has been shown to be associated with various HQOL constructs, both 

before and after treatment 13, 39-45. The majority of work evaluating these relationships, 

however, has been either observational in nature or case series.  There have been 

three well-controlled trials conducted and though findings are encouraging, the 

variability in the exercise interventions and measures of HQOL used make drawing 

conclusions difficult 46-48.   Well-designed RCTs utilizing exercise interventions that 

mimic PA recommendations and using validated measures of HQOL specifically 

designed for lung cancer survivors in order to better understand the burden experienced 

by these survivors are clearly needed.  

While physiological biomarkers have recently been a common outcome variable 

in PA studies due to their prognostic significance with several types of cancers 11, work 

describing this relationship in lung cancer survivors is severely lacking.  Markers of 

chronic inflammation, considered to play a role in pathogenesis and treatment in the 

cancer population 49-51, and of oxidative DNA damage, which may play a major role in 

carcinogenesis 52, are commonly studied.  Researchers have begun to evaluate the 

relationship between PA and these outcomes, yet among lung cancer survivors there is 

only one study evaluating markers of inflammation, and to date, there are no studies 

evaluating oxidative DNA damage 53.   
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Informal Caregivers of Cancer Survivors 

Interestingly, when discussing the burden and challenges associated with cancer 

survivorship, we now know that cancer becomes an entire family’s concern rather than 

being solely the problem of the individual being diagnosed with the disease 54, 55.  Care 

of cancer patients carried out by friends or family members, including treatment-related 

symptom management, treatment monitoring, emotional, financial, and spiritual support, 

along with assistance with personal and instrumental care, can lead to a number of 

challenges experienced by these informal caregivers 54-59.  Common problems 

associated with this informal caregiving include conflict in social roles, restriction of 

activities, strain in family relationships, psychological distress, and diminished physical 

health 56, 60, all of which could lead to a decreased HQOL 54-56, 61, 62.  Given the burdens 

on the healthcare system, the number of chronically-ill patients, and our aging 

population, the number of informal caregivers is increasing drastically such that it is 

beginning to be recognized as a major public health concern 63. While advances in 

research have been made regarding our understanding of the informal caregiver of 

cancer survivors, very little work has been dedicated towards evaluating the use of 

behavioral interventions to reduce HQOL complications and there are no controlled 

trials evaluating the use of PA in these caregivers.  A greater understanding of ways to 

improve the HQOL of caregivers of cancer survivors is essential, both to optimize HQOL 

in the caregiver, as well as to enhance the efficacy of caregiving.  As such, the use of 

PA as a potential treatment to improve HQOL in these individuals should be considered.  
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Summary 

Quality research has been done to further our understanding of the role of PA as 

a potential therapeutic modality to better health outcomes of cancer survivors.  Yet, 

there are clearly gaps in our understanding that need to be addressed.   Therefore, the 

goal of the following proposed research to help fill these gaps is three-fold: 1) to explore 

the relationship between PA and HQOL in a national sample of NA cancer survivors, 2) 

to evaluate the role of an exercise intervention in improving both prognostic and HQOL 

measures in a sample of lung cancer survivors, and 3) to evaluate the role of an 

exercise intervention to improve the HQOL of a cohort of informal caregivers of lung 

cancer survivors.  

These populations have been selected for numerous reasons.  Our 

understanding of health disparities in cancer survivors has suggested that NA have 

significantly poorer cancer outcomes when compared to other populations, including 

HQOL 20, 22, 25-32. Yet, there is very little research on this topic specific to NA cancer 

survivors, with only two studies dedicated to HQOL in this population.  Further, there 

have been no studies to date evaluating the association between PA and HQOL in this 

population.  As this may be a potentially successful treatment option in this population, 

this area of study is needed. 

 It is well known that lung cancer is an important public health problem because 

of its high incidence, rapid progression, and poor outcome 3, 4, 64-71. Thus, measuring 

biomarkers and HQOL in this population have become important endpoints in studies of 

lung cancer survivorship.  However, few studies have evaluated exercise as a 

therapeutic modality to improve these endpoints in lung cancer patients, even though 
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this is a cancer site in which it is likely that patients may reap benefits by increasing 

their PA.  As there are many potential differences between lung cancer survivors and 

other cancer survivor populations, work specific to this group is needed. 

Regarding caregivers of cancer survivors, there is a growing body of literature 

describing the challenges, and associated HQOL 54-56, 61, 62, of these individuals, but by 

comparison, little work has been done to evaluate potential interventions to mediate 

these challenges. Despite the potential benefits, few behavioral interventions to 

enhance caregivers’ HQOL have been developed 56.  Of the few interventions that have 

been tested, most emphasize, problem-solving skills, and psychological counseling 72.  

Currently, there have been very few studies evaluating PA to improve health outcomes 

in caregivers in general and none in caregivers of cancer survivors.   

   

SPECIFIC AIMS 

 

Physical Activity and Health-Related Quality of Life in Native American Cancer 

Survivors 

 

Statement of Purpose 

The primary purpose of this study is to examine the relationships between PA 

and HQOL in a group of NA cancer survivors.  Specifically, we will attempt to examine 

the association between PA and various HQOL constructs, including physical and 

mental health.   
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Specific Aims 

The proposed study will analyze data on PA and HQOL in a nationwide sample 

of NA cancer survivors to address the following specific aims: 

 

Specific Aim 1:  To examine the association between physical activity and HQOL 

in a population of Native American cancer survivors from across the country. 

 

Hypothesis 1: Engaging in the recommended amounts of physical activity (150 

min/week of moderate-vigorous intensity) will be positively associated with HQOL in NA 

cancer survivors. 

 

Rationale: Meeting PA guidelines has been shown to improve both physical and mental 

health and functioning in a host of populations including ethnic minorities, those with 

chronic diseases and cancer survivors.  As physical health, mental health, and function 

are the main constructs of HQOL, it is likely that participating in 150 min/week of 

moderate intensity exercise will be associated with HQOL. 

 

Specific Aim 2:  To examine the association of PA and HQOL across various 

intensities and types of physical activity. 

 

Hypothesis 2a: Greater amounts of both light intensity and moderate-vigorous intensity 

PA will be independently associated with higher HQOL; however, the association with 

moderate-vigorous PA will be stronger. 
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Hypothesis 2b: Participation in greater amounts of planned exercise will be associated 

with higher HQOL; however, participation in greater amounts of other types of PA, 

independent of participation in planned exercise, will also be associated with higher 

HQOL. 

 

Rationale: There are significant gains to be made in health by incorporating PA into a 

previously sedentary lifestyle.  Studies have shown that those who perform planned 

moderate-vigorous exercise may have the best health outcomes, yet the greatest gains 

in health-related benefits may be in those individuals who perform some PA, even light 

intensity activity, versus those individuals who do not perform any PA.  While perhaps 

not achieving the same benefit as those in the highest intensity category, the benefit of 

doing light intensity PA as opposed to none may be worthwhile.  Studies also show that 

those individuals who perform any type of PA achieve gains in health-related benefits 

when compared to those individuals who did not perform any PA.  While possibly not 

attaining the same health benefits as those performing planned exercise, there may be 

significant improvements in health in this population by simply participating in any type 

of PA. 

 

The proposed study can beneficially add to the existing research on HQOL in 

cancer survivors, as there are currently no studies evaluating the relationship between 

PA and HQOL in NA cancer survivors.  If PA is shown to be associated with improved 

HQOL measures specific to that of NA cancer survivors, new treatment interventions for 

this population may be introduced.  
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Impacts of Exercise on Prognostic Biomarkers and Health-Related Quality of Life 

in Lung Cancer Patients  

 

Statement of Purpose 

The primary purpose of this study is to determine how exercise in a population of lung 

cancer survivors can alter various health outcomes in this population.  Specifically, we 

will examine the effect of an exercise intervention consistent with current PA guidelines 

on biomarkers of prognosis, exercise capacity, and HQOL. 

 

Specific Aims 

The proposed randomized, controlled trial of exercise will examine biomarkers of 

prognosis, exercise capacity and HQOL in a sample of lung cancer patients to address 

the following specific aims: 

 

Specific Aim 1:  To determine the effect of an eight-week exercise intervention on 

biomarkers of inflammation and oxidative stress, exercise capacity, and HQOL in 

lung cancer patients. 

 

Hypothesis 1a: The intervention will lower systemic levels of inflammation as indicated 

by serum C-Reactive protein, Interleukin (IL)-1β, IL-6, and TNF-α. 
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Hypothesis 1b: The intervention will decrease oxidative damage as indicated by serum 

8-hydroxy-2’-deoxyguanosine (8-OHdG). 

 

Hypothesis 1c: The intervention will improve exercise capacity as indicated by an 

increase in gate speed on the Long Distance Corridor Walk (LDCW) test. 

 

Hypothesis 1d: The intervention will improve physical and functional well-being scores 

on the FACT-L. 

 

Rationale: Previous work has shown exercise to be beneficial to health in a number of 

populations, including those with chronic disease and specific cancer survivor 

populations.  Specifically, exercise interventions consisting of moderate-intensity 

exercise and resistive training have demonstrated improvements in levels of systemic 

inflammation and oxidative stress, increases in exercise capacity, and improvements in 

the components of HQOL, including physical and mental health and functioning, in 

breast, colorectal and prostate cancer survivors.  As these health factors can influence 

cancer risk, morbidities, and prognosis in lung cancer survivors, this population may 

also benefit greatly from participating in this type of exercise program. 

 

The proposed study can to add to the growing body of literature regarding the 

use of exercise in cancer survivors.  As there is currently a lack of information 

evaluating the relationships between exercise and these health outcomes in lung cancer 

survivors, this study will add to our knowledge of the effects of exercise as a therapeutic 
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modality in the cancer survivor.  If the intervention studied is shown to be associated 

with these improved health outcomes in lung cancer survivors, new therapies for this 

population may be established.  

 

Impacts of Exercise on HQOL in Informal Caregivers of Lung Cancer Patients  

 

Statement of Purpose 

The primary purpose of this study is to determine how exercise can alter HQOL in a 

population of informal caregivers of lung cancer survivors.  Specifically, we will attempt 

to examine the role of an exercise intervention consistent with current PA guidelines on 

various HQOL constructs, including physical and mental health.   

 

Specific Aims 

The proposed randomized, controlled trial of exercise will examine HQOL in a 

sample of informal caregivers of lung cancer patients to address the following specific 

aims: 

 

Specific Aim 1:  To determine the effect of an eight-week exercise intervention on 

HQOL in informal caregivers of lung cancer patients. 

 

Hypothesis 1a: The intervention will improve HQOL scores on the SF-36.  
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Rationale: Caregivers face many health challenges as a result of providing care to 

cancer survivors, including increased levels of stress, diminished physical health, strain 

in marital and family relationships, depressive symptoms, and poor mental health.  All of 

these health challenges can have a detrimental effect on an individual’s HQOL.  As 

exercise interventions have been shown to provide a myriad of health benefits, including 

improvements in HQOL and associated constructs in numerous populations, this group 

could potentially benefit from this type of intervention. 

The proposed study can add to the literature on limiting HQOL concerns in 

informal caregivers, specifically those of cancer survivors, as the relationship between 

PA and HQOL has not currently been evaluated in this population. As a result, this 

study will broaden our knowledge on potential therapeutic modalities in this group.  If 

the intervention studied is shown to be successful, this may be a potential avenue for 

informal caregivers to improve HQOL in the future.  

 

Section Summary- Through the work proposed in these aims, we will further our 

understanding of the role that PA may play in cancer survivorship.  First, we will be able 

to identify ways in which PA could help to reduce health disparities through evaluating 

PA practices in NA cancer survivors and their relationship with HQOL outcomes.  We 

will also be able to evaluate individual components of PA practices, such as type, 

intensity, and amount of activity and the role that they might play on HQOL.  This 

information could be used in designing future interventions specifically for this 

population.   Second, we will be able to identify if exercise may be a relevant component 

in the treatment and management of lung cancer. Improvements in prognostic 
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biomarkers, exercise capacity, and HQOL would help direct future work addressing the 

long-term outcomes in lung cancer survivors.  Finally, we will be able to ascertain the 

potential role of exercise in stress management and HQOL in individuals providing 

support and care to survivors.  Information derived from this study can help to shape 

future interventions to assure the continued or improved health of those supporting 

cancer survivors.  
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Chapter II: Literature Review 

 

Study 1: Physical Activity and Health Related-Quality of Life in Native American 

Cancer Survivors 

Prevalence/Incidence 

 There are about 5.2 million Native Americans (NA) living in the US today, making 

up approximately 1.7% of the total US population 73.  Comprising roughly 560 federally-

recognized tribal nations 73, 74, NA (which refers to both American Indian and Alaska 

Natives 20) have a unique and distinctive political status in the US as compared to other 

racial and ethnic minority groups: they are citizens of sovereign ‘‘domestic, dependent’’ 

tribal nations 75. This is important as NA remain entangled in the policies and 

practices of the U.S. government 76. Specifically, through a series of treaties, the US 

has recognized a moral obligation to provide health care for NA communities through 

the branch of the U.S. Public Health Service known as the Indian Health Service (HIS) 

74, 75, 77. Unfortunately, this care has never been funded at a level comparable to that of 

other Americans 78, 79, creating growing disparities between NA and other US 

populations. 

 Despite the recent commitment by congress to appropriate funds to help deliver 

better health care services for NA 77, this population still continues to suffer 

disproportionately from a variety of illness and disease 20, 22, 31.  These well documented 

disparities include significantly higher rates of diabetes, mental health disorders, 

cardiovascular disease, pneumonia, influenza, tobacco use, obesity, and cancer 20, 22, 31. 

NA are over 770 percent more likely to die from alcoholism and 420 percent more likely 
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to die from diabetes than any other population in America, including other minority 

populations 20. Further, NA have higher mortality rates due to chronic liver disease  than 

do non-Hispanic whites 22. NA have a life expectancy rate nearly five years lower than 

the rest of the US population 22.   Despite medical advances that have helped to 

decrease morbidity and mortality rates, the health of NA lags significantly behind the 

majority of the US population.  In fact, the health of NA may be considered as poor as, if 

not worse than, the health of any other group in the US 18.  

 

Cancer Rates in Native Americans 

While NA generally have lower cancer rates than do non-Hispanic whites, 

disparities in this area still exist. Cancer incidence rates have been decreasing in whites 

and certain ethnic minorities, yet research has shown that these rates have not 

decreased among NA living in the United States 80.  Cancer is the leading cause of 

death for NA women 81  and NA cancer survivors have the poorest five-year survival 

rate when compared with both non-Hispanic whites and other minority, poor, and 

medically underserved populations 27, 82.  This is especially true for breast 26, colon 83, 

and cervical cancer survivors 19.    NA are more than twice as likely to have, and die 

from, liver cancer than non-Hispanic Whites 84.  NA women are 40% more likely to have 

kidney/renal or pelvis cancer as non-Hispanic White women and they have the highest 

cervical cancer mortality rate of any population in the US 84. NA are also 1.6 times as 

likely to have, and nearly twice as likely to die from, stomach cancer as non-Hispanic 

whites 29. The most common types of cancer in NA males are prostate, lung and colon, 

whereas the most common for NA women are breast, lung, and colon 85.  When 
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compared to non-Hispanic whites, NA have the highest percentage of distant stage 

lung, breast, prostate and colorectal cancers19, 86.   

 

Impact/Burden of Survivorship 

Advances are clearly needed to improve cancer survivorship in this population, 

but cancer survivors of all backgrounds face many challenges associated with survival.  

Generally speaking, cancer survivors are at greater risk for both recurrence of disease 

and for developing secondary cancers than that of the general population 87. This could 

in part be due to the effects of treatment associated with cancer, unhealthy lifestyle 

behaviors typically seen in chronically diseased patients, underlying genetics, or the risk 

factors that helped to contribute to the initial cancer 2.  Cancer diagnosis and treatments 

can also create physical, emotional, social and financial challenges for the survivor.  

These complications have all had a significant impact on the health and quality of life of 

cancer survivors 3.  Unfortunately, in NA cancer survivors, there is very little data 

regarding cancer-associated morbidity issues 88, including HQOL, further muddying the 

picture of survivorship in this population.  As such, a greater understanding of the NA 

cancer survivor is needed.   

 

Health Related Quality of Life (HQOL) in Cancer Survivors 

The World Health Organization (WHO) has defined health as a state of complete 

physical, mental, and social well-being, not simply an absence of disease 89.   HQOL is 

one of the constructs related to overall health, and though used frequently in the 

literature, there is no single agreed upon standard definition 2; however, the term is 
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synonymous with an individual’s assessment of his or her own general well-being.  

HQOL can also be considered the extent to which one’s usual or expected physical and 

emotional well-being is affected by a medical condition or its treatment 17.   

Traditionally, medical and health-related research has focused on “hard” clinical 

outcomes (e.g. mortality rates, measurable changes in physiologic biomarkers, 

prevalence/incidence of disease, cost of healthcare, etc.), typically benefiting our 

understanding of “quantity of life”.  Yet, the perspective of the patient is one that is 

necessary as it may improve our understanding of how cancer and its respective 

treatments can influence patients’ livelihood 90.  As cancer diagnosis and treatment are 

likely to have an effect on HQOL 91, research of this kind is necessary.  While various 

treatment options may increase survival rates, if the treatment is unfavorable to a 

patient’s HQOL, it can be argued that the treatment may be neither practical nor 

worthwhile.  Information gained from HQOL research can help to monitor current 

therapeutic interventions while shaping future interventions.  This research can also be 

used to measure the efficacy and cost-effectiveness of certain interventions to improve 

patient coping strategies, and help to shape public health policy 92. 

As a result of this line of thinking, researchers have shifted to embrace these 

patient perspective outcomes, and HQOL research in the cancer survivor population 

has grown substantially 93.  In fact, The American Society of Clinical Oncology has gone 

so far as to introduce guidelines for HQOL assessment 94, and the FDA has recently 

outlined HQOL as an important endpoint for development and approval of new cancer 

treatment medication therapies 95.  
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HQOL is a multidimensional concept.  Within the two larger domains of physical 

and mental health, there are many different constructs related to HQOL, including, but 

not limited to, fatigue, general health and bodily pain 96.  As cancer survivors are at 

greater risk for detriments to both physical and mental functioning 97, it is imperative to 

review these outcomes as they pertain to the patient’s overall QOL. 

 

  Physical Health in Cancer Survivors   

Cancer survivors face many physical challenges.  According to national survey 

data, cancer survivors have higher levels of physical disability than those in the general 

population 98, including limitations in activities of daily living (ADL) such as eating, 

grooming, bathing, and chores as well as physical function declines in activities such as 

walking, standing or climbing stairs.  In fact, while older cancer survivors suffer losses in 

all health domains, their losses are the most profound in the area of physical functioning 

98.  Cancer survivors have a two-fold risk of physical function limitations as compared to 

their general population counterparts 98.   

Comorbid conditions, defined as the presence of two or more chronic conditions 

in an individual, are often found in cancer survivors and can significantly affect physical 

functioning 99.  Hewitt et al 98 found that survivors who had at least one comorbidity 

were at a five-to-six fold increased risk of physical function deficits compared to those 

with no comorbidities.  As expected, the number of comorbidities continues to climb in 

cancer survivors as they age, leading to further potential drops in functional decline100.    
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Mental Health in Cancer Survivors  

Aside from physical function deficits, cancer survivors also have considerable 

mental health issues and psychosocial concerns to manage 101.  Cancer survivors are 

more than two-fold more likely to develop a psychological disability than those in the 

general public 98.  Survivors may struggle to experience a sense of wholeness and life 

purpose after a life-altering experience such as a cancer diagnosis 102.   One third of 

cancer survivors report worries about recurrence, a second cancer, or further 

symptoms, and these worries are a significant predictor of anxiety and depression16 .  

Depressive symptoms can also intensify the physical disabilities seen in other 

medical conditions. Coupled with cancer-related problems and potential treatment side 

effects, this may amplify levels of stress and anxiety while contributing to deteriorating 

physical function 103.  Anxiety disorders can be just as debilitating as depressive 

disorders, and over 30 million Americans have a history of anxiety 104.  Anxiety 

disorders are also often found in cancer survivors 105.  These struggles can negatively 

affect a cancer survivors’ mental health, leading to dramatic declines in HQOL.    

 

Fatigue and Pain in Cancer Survivors 

Fatigue and pain may also have a rather large impact on physical and mental 

health in the cancer survivor population.  Fatigue is one of the most prevalent symptoms 

experienced by cancer patients 106.  As fatigue and pain have been shown to affect 

physical functioning and the ability to perform ADL, as well as impacting emotional and 

psychological well-being, this can be a great detriment to the HQOL of survivors 106.  

Fatigue can be caused by the cancer itself or by associated treatments 2, and it has 
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been described as a major concern for cancer patients both during treatment, when up 

to 95% of cancer patients may experience fatigue 106, and for those patients who have 

completed cancer treatment and are considered disease-free 107.  Fatigue can not only 

be distressing to cancer survivors, but the limiting of activity throughout the day have 

made many cancer patients feel as though they could no longer live a “normal” life 108.   

Pain has also been observed among survivors of various cancer types 109.  It is 

estimated that 50% of all cancer survivors experience pain, with that number climbing to 

75% in advanced stages 110.  Interestingly, survivors may underreport pain out of fear 

and concern that the experienced pain may be an indicator of poor prognosis 110.  Post-

treatment pain is typically a result of related therapies.  The pain experienced by 

survivors can have a significant impact on both physical and mental health, thereby 

yielding a less then optimal HQOL 37, 111.    

 

Health Related Quality of Life (HQOL) in NA  

As demonstrated above, there are significant HQOL detriments in cancer 

survivors.  It is necessary, however, to evaluate how these deficits may differ between 

populations.  NA suffer disproportionately from many of the constructs that make up 

HQOL.  Studies suggest that rates of physical disabilities in NA far exceed that of other 

populations 112.  It has been reported that as many as 30% of NA had one or more 

functional limitations in performing an activity of daily living (ADL) as compared to 17% 

of whites 112.  Further, older NA have the highest rates of functional limitations among all 

age strata in adults aged 55 years or older when compared to Whites and African 

American.  Of note, it has also been shown that NA are significantly more likely to report 
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pain than any other racial/ethnic group 37.  As NA experience some of the highest rates 

of chronic conditions, they may also be at higher risk for comorbidities than that of other 

populations113. While there is very limited information on this topic, one study using a 

population-based sample found that two-thirds of NA queried had at least one 

comorbidity113. As discussed above, these data suggest that NA cancer survivors may 

be at great risk for physical challenges.  

The mental health outcomes previously described are also important to consider 

as research suggests that NA suffer a disproportionate burden of mental health 

problems and disorders from that of other populations 25, 114-116 , including depression116, 

anxiety, substance abuse117, suicide rates118, and PTSD119.  On average, NA 

experience psychological distress 1.5 times more than that of the general population37.  

Unfortunately, many of these studies have used diagnostic tools and sampling methods 

that hinder comparisons both across tribes and with other national estimates of mental 

health disorders 119, 120. As such, a 2001 Surgeon General’s report 120 concluded that we 

lack even the most basic information about the relative mental health burdens borne by 

NA. 

These findings suggest that, along with other health disparities, NA in general 

may also suffer from a lower HQOL than whites and possibly other minority populations 

121.  Further, NA cancer survivors may have HQOL challenges specific to their survival, 

if not disparate from those of other populations.  Unfortunately, there is a dearth of 

information regarding the HQOL of NA 112, 121, 122  and next to none specific to HQOL in 

NA cancer survivors 123, 124.   
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To evaluate HQOL in the NA population, a study published in 2004 121 used 

BRFFS data of 434 NA form North Carolina (home of the eighth largest NA population 

in the US). NA had significantly higher percentages of unfavorable outcomes than 

whites in all five measures of QOL. After controlling for age, gender, education, and 

household income, more than a quarter of the NA adults studied rated their health as 

fair or poor, compared to 17.5 percent of white adults.  Approximately 14 percent of NA 

reported having 14 or more poor mental health days and 14 or more poor physical 

health days within the past month as compared to approximately 9 percent reported by 

whites. The percentage reporting 14 or more activity-limited days per month was more 

than twice as high among NA (11.6%) as among whites (5.7%). 

 In a CDC report delivered in 2005 examining surveillance-based HQOL data from 

both NHANES and BRFSS spanning the years 1993-2002, it was found that NA 

reported worse HQOL than any other racial group in the US 122. Compared with non-

Hispanic whites, more NA reported fair or poor health. Reported mean number of 

physically unhealthy and mentally unhealthy days (per seven day period) was higher 

among NA men and women than that of any other race (including Non-Hispanic Whites, 

Blacks, Hispanics, Asians/Pacific Islanders, and “other”). In addition, NA men and 

women reported more overall unhealthy days, physically unhealthy days, mentally 

unhealthy days, and activity limitation days per than that of any other race.  Limitations 

of these studies include the cross-sectional nature of the surveys, potential selection 

bias due to exclusion of households without phones, institutionalized persons and the 

homeless (all who have potentially worse HQOL than other populations), and the fact 
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that unaccounted/unadjusted for variables may account for potential differences in 

HQOL observed between races. 

A study published in 2007 analyzing Census data from the year 2000 found that 

NA aged 55 or older have a higher prevalence of physical limitations when compared to 

both non-Hispanic whites and African Americans 112.  Among the almost 3 million 

individuals who completed the long form 2000 US Census questionnaire, 36.2% of NA 

had a functional limitation, 20.6% had a mobility disability, and 11.6% had a self-care 

disability.  NA had 62% increased odds of reporting disabilities as compared to whites, 

even when adjusting for sociodemographic variables such as gender, race, age, 

education level, annual income, and metropolitan residence.  Unfortunately, there are 

inherent limitations to using US census data, such as the inability to assess potential 

confounders such as chronic disease, depression, etc., due to the specific questions 

asked, the cross-sectional nature of the data, and that each disability construct was a 

single-item measure.  Also of note, US census data uses self-identification of race and 

may therefore not reflect the narrow definition by certain Native tribes. However, as 

opposed to most studies that use a geographically defined sample of specific tribes, this 

study does utilize a nationwide large sample of NA encompassing hundreds of different 

tribes. 

  

Health Related Quality of Life (HQOL) in NA Cancer Survivors 

 As previously suggested, NA cancer survivors may have HQOL challenges 

specific to their survival not experienced, or experienced at a different rate, than that of 

other populations.  It is therefore necessary to evaluate the HQOL of NA cancer 



27 
 

 

survivors independent of other populations.  Unfortunately, very little work has been 

done in this area.  In the first study to investigate the HQOL of NA cancer survivors 123, 

a convenience sample of 266 NA breast cancer survivors completed a HQOL survey.  

This tool was based on more than fifteen existing tools, with cultural modifications 

specific to NA made by NA research specialists.  The physical health of this sample was 

generally good, with 49.4% of the sample reporting “good” or “excellent” physical health, 

which is similar to results found in other cancer survivors 125.  There were, however, 

significant differences reported between groups when stratified by time since diagnosis, 

with only 28% of those survivors diagnosed within one year of taking the survey 

reporting “good” or “excellent” physical health as compared to 58% of those diagnosed 

greater than 5 years from the time of being surveyed.  When looking at specific 

constructs of HQOL, a large percentage of survivors reported having problems with pain 

(28.6%), fatigue (29%), weakness (26%), ability to concentrate (87.2%) and depression 

(16.2%) occurring since diagnosis.  Again, these percentages differed by time since 

diagnosis, with those diagnosed over five years from the time of the survey consistently 

having fewer of these conditions than those diagnosed less than a year from the time of 

the survey.  These findings are noteworthy in that they may suggest that those newly 

diagnosed survivors are fearful that their HQOL at time of diagnosis or treatment will not 

resolve.  While this important study was the first of its kind to evaluate the HQOL of a 

cohort of NA cancer survivors, there were many limitations, perhaps the most notable 

being the fact that cancer treatments were not controlled for in the analyses.  The 

differences noted in HQOL constructs between time at diagnosis are most likely due to 

cancer treatments, as these treatments have been previously shown to play a role in 
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cancer morbidities.  Further, the self-report nature of the tool used here lends itself to 

potential recall bias.  As this study was cross-sectional, survivors were not evaluated 

over time making it unclear as to whether survivors HQOL changed over time since 

diagnosis.  Finally, this is a convenience sample of NA, as there is no national sample 

of NA cancer survivors.  This does not allow for comparison of this cohort to other NA 

cancer survivors and, as such, these findings may not be generalizable to other NA 

cancer survivors. 

 In the only study to date to compare the HQOL in NA cancer survivors against 

that of non-native cancer survivors 124, 596 NA cancer survivors of all cancer types from 

across the US completed a series of HQOL questionnaires.  These questionnaires were 

based on HQOL items from the QOL-CS, a tool developed by researchers from the City 

of Hope Cancer center 126, but modified to be culturally relevant to NA communities. The 

four domains of survivorship covered by both of these measures consist of the physical, 

psychological, social, and spiritual self.  The QOL-CS was originally used to survey 686 

non-Native cancer survivors in 1995, allowing for appropriate comparison between 

populations. When reviewing data from both cohorts in the “physical well-being” domain, 

NA had significantly lower scores than did non-Natives in the overall physical well-

being, nausea, appetite, and fatigue subscales. While NA had significantly worse scores 

on the usefulness and anxiety subscales, there were no significant differences noted 

between NA and non-Natives in the overall category or in any other subscale in the 

“psychological domain”.  “Social support” was worse in the NA cohort, with significantly 

worse scores in the overall social, personal relationships, support from others, isolation, 

home activities, financial burden and family distress subscales when compared to non-
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Natives.  Natives generally scored better in the “spiritual well-being” domain, with 

significantly better scores in the hopefulness, life purpose, and positive change 

subscales, though it should be noted that many NA choose to not answer these 

questions on the belief of the importance to retain the privacy of spiritual beliefs so that 

others do not misuse spiritual practices 127.  Interestingly, even though the breakdown 

by subscale suggests a lower HQOL in NA as compared to non-Natives, both cohorts 

rated their overall HQOL as the same.  These data help to confirm that the differences 

noted, even if not that dissimilar, are likely due to cultural differences experienced 

between NA and non-Natives.  While this is the largest sample of NA cancer survivors 

reported in any peer-reviewed journal and the first of its kind to report differences in 

HQOL between Native and non-Native cancer survivors, there are many limitations to 

this study.  The survey itself is actually different between the two groups due to the 

cultural modifications made for the NA population, which may make direct comparisons 

challenging. Besides the use of self-reported measures and the NA cohort being self-

selected, the delivery of the survey (NA were offered assistance in completing the 

survey from patient advocates while non-Natives received the survey in the mail) and 

the timing of the survey (more than a decade apart) could introduce bias into the 

analysis. 

 In summary, most studies report that HQOL is lower in NA than in the general 

population, or in any other minority group in the US. While NA cancer survivors rated 

their overall HQOL similar to that of non-Natives, many physical and mental functional 

deficits considered to be constructs of HQOL were apparent. In order to combat these 
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deficits and further improve HQOL in this population, treatment options must be 

identified.   

 

Effect of Physical Activity on HQOL 

In an attempt to improve the HQOL of cancer survivors, various treatment 

modalities have been suggested.  One such modality that is often discussed is PA.  PA 

and its effects on health have been a focus of research for quite some time.  PA can 

encompass many domains, but has been traditionally defined as “any bodily movement 

produced by skeletal muscles that results in caloric expenditure” 128.   When discussing 

the effect PA has on general health, there is a wealth of evidence suggesting a 

protective role of PA against all-cause mortality and chronic diseases 129.    It has 

become evident that even moderate increases in PA are associated with health 

benefits, especially in those that were previously sedentary 130.  Additionally, there is 

growing evidence suggesting that PA may improve HQOL by enhancing physical, 

functional, psychological, emotional and social well-being, not only in the general 

population, but in cancer survivors as well 131-134.  Evidence indicates PA facilitates 

positive physiologic and psychological benefits in cancer survivors both during and after 

treatment 13, 41 12, 135-137. It reduces anxiety, tiredness, pain, and potential worry about 

the cancer 136.  Exercise may also help to improve the way the survivor views his or her 

body (a common side-effect of cancer treatment), the way cancer survivors deal with 

emotions, sexuality, and sleep problems. Interestingly, it appears that HQOL may be a 

key motivator of PA 136. 
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 While encouraging, there are limitations to these findings and subsequent gaps 

in our understanding of the relationship between HQOL and PA in cancer survivors. 

Along with some of the typical limitations found in many studies (i.e. convenience 

samples, small sample sizes, subjective measures of PA, cross-sectional designs, etc.), 

there are many other limitations that are specific to examining this relationship.  Many 

studies identified evaluated specific kinds of exercise programs, which varied by type, 

intensity and total volume of exercise, and as such there are still unresolved issues 

regarding the relationship between PA and HQOL in cancer survivors (e.g. when to start 

the program, type of exercise, length of program or exercise session, how hard to 

exercise, etc.). Also, there are countless ways used in the literature to measure HQOL, 

making it difficult to compare across studies and synthesize recommendations. More 

research is needed regarding the effects of PA in general, not just specific to “planned 

exercise”, but other types and intensities of activity, on these outcomes.  

The relationship between HQOL and PA in cancer survivors has previously 

focused on breast cancer survivors 138-140.  It appears that PA can improve physical 

function and overall HQOL in these patients, yet the breast cancer survivor population 

differs greatly than that of other cancer survivor populations.  Also of note is the lack of 

long-term survivors in these studies.  Short-term (< 5 years) cancer survivors face a 

series of physical and mental challenges that may differ from that of long-term (5+ 

years) survivors 141.  While most studies have shown that meeting the recommended 

PA guidelines (accumulation of 30 minutes or more of moderate intensity physical 

activity five days a week) is related to better physical function in adults 142, 143, few have 

evaluated other types and intensities of PA.    This information may be important in that 
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it has also been found that those who simply participate in active lifestyles exhibit a 

higher functional ability and greater overall HQOL than those who are non-active 134, 143, 

suggesting that other PA outside that of planned exercise at moderate or vigorous 

intensity need to be evaluated.   

Recently, there has been an increase in research aimed at evaluating PA and 

HQOL in cancer survivors; however, a great majority of these studies are clinical trials 

144.  In order to effectively identify causative relationships and be able to generalize the 

findings, clinical trials must enroll appropriate populations.  Subjects with advanced 

disease and comorbidities are often excluded from studies, and very few studies enroll 

minority populations.  While these trials are necessary to evaluate causation, they are 

unable to determine the natural patterns of PA in representative samples of cancer 

survivors.  Observational studies, however, allow for the evaluation of large populations 

which can provide us with more information regarding a broader range of exposures 

and have greater generalizability.  This type of study design also lends itself to 

examining natural patterns of PA, which may be of great importance to designing PA 

interventions specific to a given population. 

 

PA in NA 

Unfortunately, few Americans participate in enough PA to reap health benefits145.  

Among the least active segments of the US population are ethnic minorities 146, 147.  

While little work has been done to describe the PA behaviors in NA, the US department 

of Health and Human services indicates that 46% of NA report no leisure-time activity 

compared to 38% of Whites 146 .  Studies have reported that very few NA are meeting 
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PA guidelines and that PA levels are at least as low as those of other racial/ethnic 

minorities, if not lower, and are lower than non-Hispanic Whites 148.  Research has 

shown, however, that, similar to other populations, PA is associated with better health 

outcomes in NA, including increased levels of high-density lipoprotein cholesterol, lower 

fasting insulin levels, lower BMI levels, and lower percentage of fat and fat mass 146.  As 

such, it is important to explore PA in NA cancer survivors.  In the process of evaluating 

PA, it is also important to define the amount and type of PA typically done by this 

population.  As NA in general are not actively participating in the level of PA needed for 

health benefits, information regarding the specifics of the activities that NA do 

participate in can potentially lead to interventions to increase these levels.  This has the 

potential to directly affect HQOL in the survivorship phase of the cancer experience. 

 

PA and HQOL in NA 

As NA cancer survivors have exhibited a decline in HQOL including both physical 

and mental function, it is important to explore PA as a way to mitigate the impact of 

cancer on these outcomes.  PA has been shown to be related to HQOL in the 

survivorship phase of the cancer experience 6, 12, 13, 129, 136, 149, 150.  Unfortunately, there 

has yet to be a single study to evaluate the relationship between PA and HQOL in NA 

cancer survivors.  However, there are studies evaluating this relationship in non-cancer 

survivor NA populations, albeit very few.  Information gathered from this work may be 

informative as it can bring further insight into the potential benefits of PA specific to this 

minority population.  In a cross-sectional analysis of PA and HQOL, Poltavski et al 151 

surveyed 404 NA from the Northern Plains using the 2003 version of the BRFSS 
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survey.  Based on BRFSS questions, five criterion variables of HQOL were used in this 

study: Overall health rating, unhealthy physical days, unhealthy mental days, good 

health days, and activity limitation days.  PA was categorized as meeting PA 

recommendations or not meeting PA recommendations.  It was found that, after 

controlling for potential confounders, meeting PA recommendations was significantly 

associated with better overall health, fewer mentally unhealthy and activity limitation 

days and a greater number of good health days.  While these findings are encouraging 

and consistent with other studies using BRFSS data with other populations, there were 

many limitations to this study.  The PA variable used in this study has the potential for 

misclassification error, as the researchers extended the “met PA guidelines” to include 

those individuals who reported “mostly walking” as part of their job description.  The 

rationale given was that even one hour of walking per day at work during a five day 

work week would result in ~300 minutes of walking per week, which is well above the 

PA recommendations.  However, this is problematic as these individuals are most likely 

not walking at a moderate or vigorous intensity level consistent with the PA 

recommendations.  Further, total time walked was not quantified, suggesting that the 

approximation of 300 minutes a week of PA, even if at a moderate intensity, may be 

inflated.  Another limitation of the study was that, while controlling for potential 

covariates, many conditions that would likely be considered as confounders were not 

mentioned in the survey, such as substance abuse, depression, certain types of 

cancers, sleep disorders, and chronic kidney and liver diseases.  These conditions 

significantly affect morbidity in the NA community, potentially leading to lower HQOL.   
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In a trial aimed at increasing PA levels in NA elders 152, HQOL was evaluated as 

a secondary outcome.  Participants were randomized into either an activity monitoring 

arm (n=63), consisting of completing daily self-monitoring PA forms, or an activity 

monitoring arm augmented with a pedometer (n=62) to track and record their total daily 

step counts, lasting for a total of six weeks.  As part of the intervention, all subjects 

received two in-clinic education sessions, as well as phone calls every two weeks to 

review PA logs.  HQOL was measured by the SF-36.  While researchers did not find a 

difference in PA across treatment groups, there were significant improvements in levels 

of PA post intervention.  As such, both treatment groups were collapsed into a single 

sample and changes in HQOL scores form baseline to week six were examined.  While 

each subscale score improved post-intervention, only two were significant: bodily pain 

and vitality.  This finding may be misleading, however, as one of the limitations to the 

study was that an a priori power analysis on these outcome measures was not 

conducted.  Another important limitation to consider is the lack of a true control group, 

as the personal attention, social interaction, education and feedback from research staff 

may have confounded the observations of the study. 

Another randomized controlled trial 153 evaluated a community-based PA 

intervention in a group of 22 NA aged 55 and older.  Participants recruited from a health 

clinic were randomly assigned to a six-week exercise class (n=16) or to a non-exercise 

control group (n=6).  Of note, two participants who were originally randomized to the 

exercise group declined exercise participation and were then placed in the control 

group. Control subjects agreed to not join an exercise program for the duration of the 

study.  The exercise intervention consisted of a formally structured, instructor-led 
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session of moderate-intensity exercise (as determined by 55%-69% of MHR), with 

stretching exercises included to address flexibility and mobility as well as decrease pain, 

and muscular strengthening exercises such as body-weight assisted movements.  Each 

session would last a total of forty minutes, with a ten minute warm-up, a twenty minute 

low-impact exercise session, and a ten minute cool down, and met twice a week over 

six weeks. At pre- and post-intervention visits, participants completed a self-assessment 

health survey consisting of eleven questions designed to measure emotional and 

physical health.  Only ten participants assigned to the intervention arm met the 

attendance requirement, making it to at least 67% of class visits, resulting in a 37.5% 

attrition rate.  Additionally, two members of the control group dropped out.  Within-group 

analyses showed significant improvements in self-reported physical health state, 

emotional health state, and an increased ability to perform ADLs.  However, while the 

control group showed no differences between pre- and post- measures, when 

comparing the control group with the exercise group both pre- and post-intervention, no 

significant differences were found.  Limitations include potential selection bias due to 

the convenience sample as well as non-random assignment in some cases, losses to 

follow up, a small sample size, a non-validated measure of self-reported health, and a 

lack of specific information on the exercises performed. 

 

Section Summary 

While evidence is accumulating regarding the PA/HQOL relationship in cancer 

survivors, there are many gaps that exist in the literature.  These include limited 

information on other types of cancer outside of breast and a lack of long-term survivors 
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studied 133.  Perhaps most notably, however, is the glaring absence of information 

concerning the relationship between PA and HQOL in NA cancer survivors.  As of this 

writing, there were no studies that have evaluated this relationship.  As NA cancer 

survivors have exhibited a decline in HQOL including both physical and mental function, 

and PA has been shown to improve these health outcomes in various populations, it is 

important to explore PA as a way to mitigate the impact of cancer on these outcomes.  

Further improvement in these areas can directly affect HQOL in the survivorship phase 

of the cancer experience.  Therefore, it is the goal of the proposed research project to 

help fill these gaps by examining the relationships between PA and HQOL in a sample 

of NA cancer survivors.  

 

Study 2: Impacts of Exercise on Prognostic Biomarkers in Lung Cancer Patients  

Prevalence/Incidence 

 Lung and bronchial cancers are the second most commonly diagnosed type of 

cancer (not including non-melanoma skin cancer), accounting for approximately 14% of 

all new cancers in the US in 2013 1.  Approximately 6.9% of men and women in the US 

will be diagnosed with lung and bronchus cancer at some point in their lifetime 71. The 

American Cancer Society estimated that there were about 221,190 new cases of lung 

cancer (118,080 in men and 110,110 in women) in the year 2013 1.  Lung cancer mainly 

occurs in older people, with the average age at the time of diagnosis being seventy 

years old1. Every two out of three people diagnosed with lung cancer are 65 or older, 

with less than 2% of all cases found in people younger than 45 1.  
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 Lung cancer is also the leading cause of cancer death in the US for both men 

and women, with an estimated 159,480 deaths from lung cancer (87,260 in men and 

72,220 among women) in 2013 1.  This accounted for 27% of all cancer deaths 1.  More 

people die from lung cancer each year than from colon, breast, and prostate cancers 

combined.  Lung cancer is the primary cause of cancer deaths in both men and women 

in the state of Wisconsin 1.  Prognosis of the lung cancer patient is generally quite poor.  

Over half of those diagnosed with lung cancer die within the first year of being 

diagnosed 1.  The five-year survival rate for lung cancer (16.3%) is lower than many of 

the other leading cancer sites, such as breast (90.0%), colon (65.2%), and prostate 

(99.9%) 71, 84.   Despite these staggering mortality statistics, there are a considerable 

number of lung cancer survivors. More than 399,000 people alive today have been 

diagnosed with lung cancer at some point 71.  Mortality rates have been declining by 

roughly 1.7% over the last ten years and five-year survival rates continue to climb, 

suggestive of the increasing number of cancer survivors in the US. 

 

Impact/Burden of Survivorship 

Cancer diagnosis and treatments can also create physical, emotional, social and 

financial challenges for the survivor, leading to significant impacts on HQOL 2.  A 

significant proportion of lung cancer survivors face serious physical and functional 

declines 154, and may be severely incapacitated by disease-related symptoms such as 

chest pain, cough, hemoptysis and dyspnea 155.  Detriments in mental health, mainly 

depression, are also common and persistent in lung cancer patients, especially those 

with more severe symptoms or functional limitations 156.  Lung cancer survivors can 
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experience heightened levels of fatigue, pain, disturbed sleep, lack of appetite and 

drowsiness 157-161.  As a consequence of these health challenges, HQOL may be 

diminished in this population.  Previous work evaluating HQOL in lung cancer survivors 

suggest that lung cancer survivors do not experience the same HQOL as their-aged 

matched peers or aged-matched survivors of other cancers 162.   

Due to the great burden of disease experienced by lung cancer survivors, new 

therapies are required.  These treatments should work to improve prognosis and HQOL 

while complimenting current management of lung cancer.  PA remains an attractive 

modality due to its documented relationship to prognosis, improvement of physical and 

mental health outcomes, and HQOL in many different populations. Despite the potential 

benefits of PA in this population, there are very few well-controlled trials that have 

examined the effect of PA in this disease. As such, PA needs to be evaluated in the 

lung cancer population for the role it may play in these outcomes.   

 

PA and Exercise Capacity in Lung Cancer Survivors 

 One of the many physiologic challenges faced by lung cancer survivors include 

exercise intolerance 163.   There may be many reasons for this.  Lung-based tumors are 

thought to disrupt gas exchange 164, potentially resulting in increased dyspnea, fatigue, 

muscle wasting, anemia, and weight loss, all leading to decreased exercise tolerance.  

Physical inactivity may also be common among lung cancer survivors due to pain, 

weakness, and therapeutic toxicities 165.  While adoption of a sedentary lifestyle has 

been associated with increased mortality rates, recent reports suggest that peak oxygen 

consumption, a common measure of exercise capacity, is a strong independent 
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predictor of overall long term survival for lung cancer patients.  An inverse relationship 

between peak oxygen consumption and perioperative and postoperative lung cancer 

surgical complications have also been reported 43, 163, 166, 167.  Poor exercise capacity 

can further dispose patients to other common age-related diseases and detriments in 

HQOL.   As physical inactivity is a strong determinant of poor VO2peak, and may 

exacerbate the already diminished deconditioning in the cardiovascular system 43, PA 

appears to be a way to mitigate the poor exercise capacity often observed in this 

population.  While exercise behavior and functional capacity are correlated, they may 

independently provide distinct information.  Very few studies have objectively evaluated 

the role of exercise in improving exercise capacity in lung cancer survivors.   

Currently, only one study has evaluated the effect of an exercise intervention on 

exercise capacity in lung cancer survivors utilizing a control group 46.  Fifty-three pre-

surgical lung cancer patients were randomized to a usual-care control group or a post-

operative exercise intervention which consisted of twice daily strength training 

exercises, walking and recumbent bike exercises at an intensity level between 60% and 

80% of their maximal heart rate, and home support once monthly for a total of three 

visits.  Arbane et al 46. found significant deterioration in exercise capacity at five days 

post-resection compared with pre-operatively in both groups, as measured by the Six 

Minute Walking Distance (6MWD) test.  There were, however, no significant differences 

in improvement of exercise capacity reported between the two groups post-intervention, 

with 6MWD scores returning to pre-operative levels by twelve weeks in both groups. 

Using a single group design, Jones et al 168 evaluated a preoperative exercise 

training program on fitness levels in lung cancer patients.  Subjects (n=25) with 
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suspected operable lung cancer participated in a structured exercise training program 

until time of surgery. Exercise training consisted of five cycle ergometry sessions per 

week at varying intensities (60% to 100% of VO2peak). Participants underwent 

cardiopulmonary exercise testing, 6MWD, and pulmonary function testing at baseline, 

immediately prior to, and 30 days post-surgical resection.  Scores were significantly 

improved on all measures post-baseline prior to surgery.  While exercise capacity 

declined post-surgery, it did not decrease beyond baseline values.  These findings 

highlight the role of an exercise training program in improving exercise capacity in lung 

cancer patients pre-surgery, though the lack of a control group may hinder findings.   

Quist et al 169 conducted a pilot study to evaluate the safety and feasibility of a 

six-week supervised structured exercise and relaxation training program on estimated 

peak oxygen consumption, as well as functional capacity, in patients with inoperable 

lung cancer currently undergoing chemotherapy. Twenty-nine individuals completed 

baseline measures consisting of a stationary ergometer max test to assess VO2peak and 

the 6MWD test to measure functional capacity, with twenty-three of the individuals 

completing the post-assessment testing. The intervention consisted of supervised group 

training (physical training and relaxation) twice per week and at-home training (walking 

and relaxation) three days per week for a total of six weeks. Exercises consisted of both 

cardiovascular training and strength training.  At the end of the intervention, there were 

improvements in estimated VO2peak and six-minute walk distance (6 MWD).  While 

encouraging, the lack of randomization and potential selection bias could impede 

findings.   Also of note, while the adherence rate for the supervised portion of the 

intervention was 73%, only two of the twenty-three participants participated in the at-



42 
 

 

home aspect of the intervention, suggesting that at-home training may not be as 

feasible of an option for this population. 

Spruit et al 47, using an eight week multidisciplinary rehabilitation, tested peak 

exercise capacity in ten post-surgical lung cancer patients with severely impaired 

pulmonary function. At baseline, patients had low levels of exercise capacity as 

measured by the 6MWD.  These scores improved significantly post-intervention when 

compared to baseline, suggesting exercise interventions may improve exercise capacity 

in this population.  Of note, this study used a small sample with no control group, which 

limits the ability to attribute improvement to the intervention.  Also, the rehabilitation 

intervention was multifocal.  This could potentially have impacted 6MWD test scores 

differently than an exercise intervention alone.  Future studies are needed to confirm 

these findings while including a control group and teasing out potential differences in 

rehabilitation modalities. 

A few studies have evaluated the role of pulmonary rehabilitation in improving 

exercise capacity in this population 170, 171,172.  While most of these were pilot studies or 

used samples of different types of cancer survivors, Cesario et al 172 used a non-

randomized trial to evaluate the efficacy of pulmonary rehabilitation for use in lung 

cancer patients post-lung resection.  Of the 211 patients identified as eligible that went 

through the lung resection procedure, 25 agreed to participate in the rehabilitation 

program, consisting of five sessions a week for twenty total sessions of moderate 

intensity cycling, treadmill, resistance training and educational sessions.  The other 186 

were used as controls.  Functional outcomes including the 6MWD, and dyspnea on 

exertion were significantly improved in treated patients when baseline versus 1-month 
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figures were compared.  The reverse was true of controls, with functional capacity 

significantly declining.  There were no significant differences between groups, though it 

should be noted that this is most likely due to the much lower functional status found at 

baseline for those in the rehabilitation group when compared to those in the control 

group.  In a follow-up study two years after this original study, Cesario et al. enrolled an 

additional 78 patients using the same procedures as the prior study and found once 

again that exercise/functional capacity significantly improved from baseline in those 

individuals participating in the rehabilitation program 173. As such, this is further 

evidence that PA, in this case a pulmonary rehabilitation program, can improve exercise 

capacity in lung cancer survivors.  Further work using randomized controlled trials are 

needed. 

 

PA and Biomarkers 

 Physiological biomarkers have increasingly been examined in PA studies due to 

their prognostic significance.  Of particular interest are biomarkers of inflammation, as 

inflammation has been linked to several types of cancers, including colorectal, 

esophagus, and lung 174.  Markers of interest in lung cancer include tumor necrosis 

factor alpha (TNF-α) and specific interlukins (IL-6, IL-1β) 175.  These markers are 

inflammation-responsive and proinflammatory cytokines, respectively, and are 

considered to play a role in pathogenesis and treatment in this population 176.  These 

cytokines influence C-Reactive protein (CRP) production.  CRP is an acute phase 

protein and widely accepted as a sensitive and reliable biomarker of systemic 

inflammation 177.  It has been shown to be correlated with many malignancies, an 



44 
 

 

independent predictor of survival in inoperable non-small cell lung cancer patients and, 

along with IL-6, IL-1β, has been reported to predict postoperative complications and 

length of hospital stay 49, 177, 178.  Elevated levels of circulating CRP have been found in 

75%-80% of patients with inoperable lung cancer.  As such, elevated levels of 

circulating CRP have been used a marker of prognosis in lung cancer patients 177. 

 Suppression of the inflammatory response through exercise may be one of the 

important mechanisms through which PA affects cancer prognosis 53.  Self-reported 

exercise and higher cardiovascular fitness have all been associated with lower levels of 

systemic inflammation in a number of populations 53, 179-181.  While most of the data 

regarding the relationship between PA and markers of inflammation in cancer survivors 

have been derived through observational studies, there have been a limited number of 

randomized control trials that assess the effect of PA interventions on these prognostic 

biomarkers.  Of the four RCTs identified evaluating this relationship, none have targeted 

lung cancer survivors 179, 182-184.  Two studies were conducted in breast cancer survivors 

179, 182, one in colorectal cancer survivors 183, and one in prostate cancer survivors 184.  

In the first study to evaluate breast cancer survivors, Fairey et al. randomly assigned 

fifty-three subjects to either an exercise intervention (n=25) or control group (n=28)179.  

The intervention consisted of exercising 3 times per week for 15 weeks on cycle 

ergometers. Exercise intensity was approximately 70–75% of peak oxygen consumption 

and the duration of the sessions was up to 35 minutes of total exercise.  CRP levels 

were measured at baseline and post-intervention in both study groups.  CRP decreased 

by 1.39 mg/L in the exercise group while increasing 0.10 mg/L in the control group.  

While this difference didn’t reach statistical significance (p=0.07), the mean difference 
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was consistent with previous observational and non-randomized intervention studies.  

This was the first RCT to evaluate the role of exercise on CRP in breast cancer 

survivors using standardized blood collection protocols, though it did have a few 

limitations, including a small sample size, a low recruitment rate, and use of a single 

blood measurement to classify participants.   

 The second RCT to evaluate inflammation biomarkers in breast cancer survivors 

was conducted by Payne et al 182. Using a sample of older women (aged 55 years or 

older) receiving hormonal treatment for breast cancer, subjects were randomized to a 

home-based walking exercise intervention (n=10) or usual care (n=10).  The exercise 

intervention consisted of moderate walking, for twenty minutes in duration, four times a 

week for fourteen weeks.  IL-6 levels, along with a host of other biomarkers having 

hypothalamic-pituitary-adrenal (HPA) axis neuroendocrine-based regulatory functions, 

were measured at the initial visit and post-intervention time points.  No significant 

differences were found in IL-6 levels between groups or within groups over time, with 

mean values for both groups being within the normal range.  The main limitations of this 

study include the small sample size and the use of unsupervised exercise. As 

researchers were unable to verify actual adherence to the exercise intervention, it is 

possible that the lack of changes in IL-6 measures were due to non-adherence. 

 In the only RCT to evaluate exercise and inflammatory markers in prostate 

cancer survivors, Galvao and colleagues randomized fifty-seven patients with prostate 

cancer to a twelve week exercise intervention consisting of resistance and aerobic 

exercise (n = 29) or usual care (n = 28)184.  CRP was measured at baseline and after 

the twelve weeks.  Post-intervention, CRP levels had decreased in the exercise group 
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from baseline while increasing in the controls, resulting in a significant difference in 

mean change over the intervention.  

 Allgayer and colleagues compared the effects of a post-operative moderate-

intensity exercise program (55%-65% of maximal aerobic power) to a low-intensity 

exercise program (30%-40% of maximal aerobic power) on a series of inflammatory 

markers including IL-1β, IL-6, and TNF-α in patients with curatively-treated colorectal 

cancer 183.  Once randomized to one of the two exercise groups, subjects (n=23) 

performed daily exercise for 30–40 min for 2 weeks at the prescribed intensity.   A 

significant decrease of the IL-1 receptor antagonist (IL-1RA)/IL-6 and IL-1RA/IL-1β 

ratios were found in the moderate-intensity group, whereas in patients completing low-

intensity exercise, these markers remained unaffected. Further, thirty minutes after 

starting moderate-intensity exercise, an increase of IL-1β was found, whereas in 

patients performing low intensity exercise no such increase was observed.  This 

suggests that moderate-intensity exercise may have beneficial effects in terms of an 

improved immune response, whereas a low-intensity exercise program may not be 

effective. 

There have been a few non-randomized studies examining the role of exercise 

on inflammatory markers in cancer survivors.  In the only study to evaluate the 

relationship in lung cancer survivors, Jones and colleagues conducted a pilot study 

utilizing twelve subjects with operable lung cancer 185.  Using a single-group design, 

subjects participated in an exercise intervention consisting of five sessions per week of 

tailored cycle ergometry at an intensity level of 60%-65% of VO2 max for 30 minutes 

until the subject had surgical resection.  One session a week included interval training. 
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Inflammatory markers (IL-6, IL-8, CRP and TNF-α) were measured by blood draw at 

baseline and immediately prior to surgical resection.  Although all inflammatory markers 

were lower following exercise training, these measures did not statistically differ from 

baseline to post-intervention.  The magnitude of the changes, however, were similar to 

the findings in a sample of breast cancer survivors 179, suggesting that perhaps the non-

significant findings were due to the small sample size.  As such, these findings may still 

be of clinical importance. While this study provides preliminary information regarding the 

relationship between exercise and inflammation in lung cancer survivors, randomized 

control trials in this population are needed. 

 Another potential marker of prognosis being evaluated in cancer survivors is that 

of oxidative stress.  Oxidative DNA damage may play a major role in carcinogenesis, 

with an increase in oxidative damage thought to be involved in tumor formation 187.  A 

good indicator of oxidative stress in humans is 8-hydroxy-2’-deoxyguanosine 

(8-OH-dG), as  8-OH-dG is a product of oxidative DNA damage 188.  Tumor formation 

may be due in part to the genomic instability associated with 8-OH-dG, as the presence 

of 8-OH-dG in DNA leads to transversion, mutagenesis, or cell death unless correctly 

repaired prior to DNA replication 187.  Recent studies have shown that non-small cell 

lung cancer patients with low levels of 8-OH-dG have significantly longer survival times 

as compared to those with higher levels of 8-OH-dG, with some reports suggesting 

individuals with high levels of the biomarker having an over three-fold increased hazard 

of death 189.  Though acute exercise can result in oxidative stress, repeated bouts of 

exercise in trained individuals has been shown to produce compensatory increases in 

antioxidant capacity 190.  As this has been hypothesized to be one of the ways in which 
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PA may affect cancer prognosis 191, studies are beginning to evaluate the effect of 

exercise on markers of oxidative stress, namely 8-OH-dG.  In the first study to assess 

this relationship in cancer survivors, Allgayer et al 186 examined the effect of a short-

term exercise program on 8-OH-dG levels in a sample of post-operative patients with 

curatively treated colorectal cancer.  Subjects (n=19) were randomized to a high-

intensity exercise program (55%-65% of maximal aerobic power) or a moderate-

intensity exercise program (30%-40% of maximal aerobic power), performed daily for 

30–40 minutes over a period of two weeks.  Urinary samples of 8-OH-dG were collected 

in all subjects pre- and post-exercise program.  Those in the moderate-intensity group 

had significantly reduced levels of 8-OH-dG post-intervention, suggesting decreased 

oxidative DNA damage, whereas those in the high-intensity group had a non-significant 

increase.  Despite the limitations of this study, including a small sample size and five 

subjects switching to the moderate-intensity group post-randomization, this study 

highlights the potential importance of exercise on 8-OH-dG levels in cancer survivors. 

Though comparisons across studies are difficult due to the difference in exercise 

interventions and 8-OH-dG determination methods (i.e., blood versus urine samples), 

these findings are consistent with previous works suggesting decreased oxidative 

damage following moderate exercise192-194. However, these studies have used samples 

of predominately healthy individuals, most of which are athletes.  While it is necessary 

to attempt to replicate these findings in other populations, including cancer survivors of 

varied types, these studies help further our understanding of this relationship. 

In a study designed to investigate the effects of exercise on levels of 8-OH-dG 

after mild acute exercise in healthy male subjects, Sato et al 195 divided fifteen subjects 
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between two groups: a sedentary group, defined as those individuals who only 

occasionally exercise, and an active group, defined as those who exercise daily.  8-OH-

dG levels were determined by blood draws and taken 5 minutes prior to exercise and at 

5 minutes, 60 minutes, 24 hours, and 48 hours after exercise. Subjects were directed 

not to participate in any strenuous exercise for the three days leading up to the exercise 

session.  Subjects were exercised for 30 minutes at their prescribed target heart rates, 

which corresponded to approximately 50% VO2max as determined by a submaximal 

exercise test given seven days prior to the exercise session.  The researchers found 8-

OH-dG levels of subjects in the active group were significantly lower than those of 

sedentary subjects at baseline, though after the 30 minute exercise bout, the 8-OH-dG 

levels of the sedentary subjects significantly decreased while the 8-OH-dG levels of 

subjects in the active group remained unchanged.  Though these results suggest that 

mild exercise can potentially help to prevent oxidative DNA damage, a small non-

randomized sample of healthy, young, non-smoking males was utilized, potentially 

limiting findings. 

Inoue et al 192 measured 8-OH-dG levels in distance runners (n=9) and 

swimmers (n=9).  Venous blood and urine were collected before and after an acute bout 

of exercise typical of a usual training session.  Surprisingly, the amount of 8-OH-dG in 

the blood post- acute exercise bout declined in both groups, though not statistically in 

distance runners.  This may suggest that existence of exercise-induced repair 

mechanisms should be considered. Finally, in one of the first studies to investigate the 

role of PA on 8-hydroxyguanine (8-OH-Gua), another marker of oxidative DNA damage 

and similar to that of 8-OH-dG, Asami et al 193 collected blood samples in twenty-one  
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healthy male volunteers (ten trained athletes and thirteen untrained men), aged 19–50 

years, both before and after an exercise session. Trained athletes showed a lower level 

of 8-OH-Gua before exercise when compared to that of untrained subjects.  Still, mean 

levels of 8-OH-Gua in untrained subjects also decreased significantly post-exercise. In 

the trained athletes, 8-OH-Gua levels were not changed post-exercise. These findings 

suggest that exercise can potentially cause both acute and long-range reduction of 

oxidative DNA damage, dependent upon individual fitness levels. 

       

PA and HQOL in Lung Cancer Survivors 

 Improvements in surgical techniques, together with more effective chemotherapy 

regimens, have led to significant gains in survival in those with operable disease.  Still, 

lung cancer survivors face many serious challenges associated with survival.  

Significant symptom distress, often plaguing lung cancer patients, has been shown to 

be negatively correlated to HQOL 64, 67, 69, 155.  HQOL is also closely linked to symptom 

burden and severity of lung cancer 196-199.   As loss of physical functioning, increased 

prevalence of mental health disorders such as depression, and increased levels of pain 

and malaise associated with uncontrollable symptoms and symptom burden is common 

in this population, lung cancer survivors are at great risk for HQOL deficits 198.  Long 

term morbidity, along with consequential social and economic burden, is another 

problem commonly experienced by lung cancer survivors, potentially leading to 

lessened HQOL 65, 200.  As such, HQOL has been increasingly recognized as an 

important clinical outcome in the management of lung cancer patients.  Patients with 

lung cancer typically report lower HQOL than do patients of other cancer types 67.  As 
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stated previously, there is growing evidence suggesting that PA may improve HQOL by 

enhancing both physical and psychological function in not only the general population, 

but in cancer survivors as well 131.  These studies have mostly focused on breast cancer 

survivors, though there have been studies that have evaluated this modality specifically 

in lung cancer survivors.  A 2011 systematic review by Granger et al 38 concluded that, 

based on the sixteen studies reviewed, exercise in patients with non-small cell lung 

cancer is both safe and associated with various HQOL constructs, both before and after 

treatment. The majority of work evaluating these relationships, however, has been 

either observational in nature or case series.  As such, these results should be viewed 

cautiously.  Currently, there have only been three RCTs to evaluate the effect of PA on 

HQOL in lung cancer survivors.   

 A randomized control trial performed by Arbane et al 46 evaluated the effect of 

exercise training after lung resection on HQOL in a group of lung cancer survivors.  

Fifty-three (28 male) subjects were randomized to an exercise intervention group or a 

control group (usual care). The five-day in-clinic exercise intervention consisted of twice 

daily strength training from day one post-surgery through day five post-surgery. 

Additional exercises included walking, as able, marching on the spot and recumbent 

bike exercises (carried out at bedside) at an intensity level between 60% and 80% of 

their maximal heart rate for at least five minutes up to a maximum of ten minutes per 

exercise. Patients in the exercise intervention group also received home support, once 

monthly for a total of three visits, where they were encouraged to continue with their 

exercise program. The control group received monthly telephone calls from the 

research team, providing education only. HQOL, as measured by the European 
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Organization for Research and Treatment of Cancer Core Quality of Life Questionnaire 

(EORTC QLQ-C30), was recorded at baseline (a pre-operative time point) and a post-

intervention time point (twelve weeks post-operative).  There were no significant 

changes in HQOL either within or between groups. However, the extent of surgical 

resection makes comparisons difficult. There was little deterioration in HQOL after 

lobectomy in this study.  As HQOL was measured prior to resection and then again 

post-exercise program, this may suggest that exercise may help to mediate the 

deterioration in HQOL post-surgical intervention.  Unfortunately, there was no data 

regarding adherence to the at-home component of the exercise intervention, making 

interpretation of these data difficult.  Future studies of this nature should be sure to 

include an additional testing of HQOL following the surgery but prior to the exercise 

program in an attempt to tease out the potential effects of surgery as just described, as 

well as adherence data on at-home exercise.   

Another RCT evaluated a multidisciplinary rehabilitation program, including 

exercise, on HQOL in patients who had undergone a thoracotomy for lung cancer 47.  

Subjects (n=57) were randomized to rehabilitation or usual care.  The intervention 

consisted of twice-weekly exercise training sessions for 12 weeks, scheduled visits to 

pain specialists, and medical social work. During exercise sessions, patients exercised 

between 60% and 80% of their peak cycling load (as determined by a post-operative 

incremental cycling ergometer test) and performed muscle training. HQOL was 

measured by the SF-36 and the St. George’s respiratory questionnaire (SGRQ) at 

baseline and after 1, 3, 6, and 12 months.  Of note, the study closed prematurely 

because of the introduction of video-assisted thoracoscopic surgery. Still, of the fifty-
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seven randomized patients, forty-nine (twenty-three from the intervention group and 

twenty-six from the control) were analyzed.  When compared with the active group, the 

control group reported less role limitations because of physical problems at the three 

month time point as reported on the SF-36.  However, at 12 months, this difference 

disappeared.  No other HQOL measure was found to be significantly different between 

groups.  Regarding exercise session compliance, less than half participated in the 

program through week twelve.  Of these, only three of the ten patients receiving 

chemotherapy completed the intervention.  Along with these dropouts, premature 

closure of the study resulted in a lower number of patients than originally calculated, 

thereby decreasing the power of the study to detect differences.  Further limitations of 

this study include a multidisciplinary approach to rehabilitation, which does not allow a 

direct evaluation of the exercise intervention on HQOL. 

Finally, in a RCT to evaluate similar constructs found in those determining 

HQOL, Wall et al focused on changes in hope and power among 104 pre-operative lung 

cancer patients 48.   Hope, defined as “the act by which temptation to despair is actively 

or victoriously overcome” and power, defined as “the capacity to knowingly participate in 

change”, “living with intentionality and/or purpose”, and characterized by “awareness, 

choices, freedom to act intentionally, and involvement in creating change” could all be 

used in this context as surrogates of HQOL. Participants were randomly assigned to a 

pre-operative exercise intervention or a non-exercise control. The exercise intervention 

consisted of a 7- to 10-day home-based program that included walking one mile a day, 

stair climbing forty steps twice a day, and arm, leg, and breathing exercises to be done 

in a circuit ten times, twice in a given day. Hope and power were measured by the Herth 



54 
 

 

Hope Index (HHI) and the Power as Knowing Participation in Change Test, respectively.  

Hope and power were measured at three points in time. The first was 7 to 10 days 

before surgery, the second was the day before surgery and for the exercise group 

coincided with the completion of the exercise program, and the third time point was 4 to 

6 days after surgery, but prior to the participants’ receiving pathology reports.  The 

exercise group’s power increased while the control group’s power decreased. No 

differences in hope emerged.  While these findings help to broaden the scope of our 

understanding regarding the role of PA on HQOL, it is important to note that patients 

who had received chemotherapy or radiation therapy were excluded, greatly limiting 

generalizability of the results.  Surprisingly, the exercise intervention compliance rate 

was 83% as determined by PA logs.  At home exercise interventions are usually marred 

by low adherence rates to exercise and, as this intervention seems relatively difficult, 

this may be hard to replicate in other survivors. 

While these findings are encouraging, there are still many gaps that exist in our 

understanding of the role PA may play in improving HQOL in lung cancer survivors.  

The majority of studies in the area of PA and HQOL for cancer survivors have been 

done in breast cancer survivors.   It appears that PA can improve physical function and 

overall HQOL in these patients; however, the breast cancer survivor population differs 

greatly than that of the lung cancer survivor.  Some work has been done specific to lung 

cancer survivors, but this is mostly observational or case series reports. Of the very few 

well-controlled trials undertaken, the variability in the exercise interventions, the study 

populations and sample sizes, along with the timing of the interventions relative to 

diagnosis and/or treatment, all make drawing conclusions quite difficult.   Well-designed 
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RCTs utilizing exercise interventions that mimic PA recommendations and using 

validated measures of HQOL specifically designed for lung cancer survivors in order to 

better understand the burden experienced by these survivors are clearly needed.  

 

Section Summary 

 Research has shown that lung cancer survivors face many challenges after 

diagnosis, including that of survival, symptom burden, and other physiological and 

psychological complications.  Prognosis for lung cancer is diminished when compared 

to that of other cancer survivors, as is HQOL and exercise capacity.  Highlighting 

treatment options to improve these outcomes is of great necessity.  PA remains an 

attractive modality, as it has been shown to improve markers of systemic inflammation 

and oxidative stress, which have potential prognostic implications, as well as improve 

HQOL and exercise capacity.  Unfortunately, there have been very few well-controlled 

studies to evaluate the relationship between PA and these outcomes in lung cancer 

survivors.  Most of the work in this area has been observational, or non-randomized 

studies, done in other types of cancer survivors.  Of the very few studies that have 

begun to evaluate PA in this population, there are methodological concerns that need to 

be accounted for.  As such, more quality RCTs are needed to elucidate the role of PA in 

mitigating some of  the health challenges faced by lung cancer survivors and, in the 

process, improve health outcomes such as prognosis, HQOL, and exercise capacity.  

Therefore, the goal of this project is to determine how an exercise intervention alters 

biomarkers of prognosis, exercise capacity, and quality of life in this population. 
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Study 3: Impacts of Exercise on HQOL in Informal Caregivers of Lung Cancer 

Patients  

 

Defining Informal Caregivers 

With over 11.7 million cancer survivors living today and over 1.5 million more individuals 

diagnosed each year, cancer has clearly touched a substantial number of lives 1. Due to 

the many potential challenges associated with being a cancer survivor, most cancer 

survivors will at some point require the support of an informal caregiver 201.  These 

caregivers are usually defined as unpaid loved ones who provide the survivor with 

physical and emotional care 202. Caregivers are typically spouses, partners, significant 

others, family members, close friends, close relatives, or next of kin, depending upon 

their relationship to the survivor 202, 203.   Ultimately, the caregiver is defined as such by 

the survivor, regardless of their family connection 203.   

 Often considered to be a lifeline to the survivor, these individuals are not trained 

for the caregiver job, but rather, are there in a supportive role 202.  Demands placed on 

these individuals to meet the needs of the cancer survivor, including monitoring of 

treatment, treatment-related symptom management, assistance with personal and 

instrumental care, as well as other emotional, physical, financial, social and spiritual 

needs and support have all led to health consequences for the caregiver 58, 204.  These 

include increased levels of stress, diminished physical health, restrictions of activities 56, 

204-206, strain in marital and family relationships 56, economic burden, depressive 

symptoms, and poor mental health 55, 56, 207-212. In fact, emotional distress experienced 

by the caregiver has been shown to be as high as, or even higher than, that of the 
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cancer survivor themselves 72, 209.  All of these health challenges can have a detrimental 

effect on an individual’s HQOL.   Although their health may be greatly impacted by a 

loved one’s cancer diagnosis, caregivers have received only minimal attention by most 

healthcare practitioners, as they are focused primarily upon the physical needs of the 

patient 154.   As such, it is essential that we not only better define the health burden 

experienced by these caregivers, but also identify potential modalities to ameliorate 

some of these health challenges that coincide with providing care to cancer survivors. 

  

HQOL in Informal Caregivers 

 While health challenges and potential deficits in HQOL experienced by cancer 

survivors have been well documented for some time, there is now evidence suggesting 

that caregivers may also experience declines in HQOL based on the care given to the 

survivor 213.  As discussed in detail previously in this document, HQOL is a 

multidimensional concept 96.  Within the larger two domains of physical and mental 

health, there are many different concepts related to HQOL, including, but not limited to, 

fatigue, general health and bodily pain.  As the challenges faced by caregivers continue 

to grow, along with the number of cancer survivors, health researchers have begun to 

further address HQOL constructs in this population.  A robust literature has developed 

as of late, with nearly 40 studies published on the topic since 2000 and over 25 studies 

published since 2010 alone 54, 57, 58, 64, 72, 154, 201, 203, 204, 206, 208, 210, 211, 213-237. The majority 

of these studies have utilized samples of caregivers of mixed cancer types, though 

within these mixed samples, breast cancer is often the predominant cancer type 

studied.  Of the studies evaluating HQOL in caregivers of a specifically defined cancer 



58 
 

 

type, breast cancer remains the most studied 204.   This is important as breast cancer 

may offer specific challenges to the caregiver.  These challenges could be different 

across cancer survivor populations, potentially affecting HQOL in caregivers differently.  

As such, it is necessary to evaluate HQOL in caregivers of specific types of cancer 

survivors directly.  

 While not as plentiful as other cancer types, there have been studies evaluating 

caregivers of lung cancer patients 54, 154, 222, 230, 236, 238.  Caregivers of this population 

certainly face many of the challenges discussed above, but may also face amplified or 

additional challenges specific to caregiving for lung cancer survivors.  These challenges 

may present themselves at the time of diagnosis and last throughout the trajectory of 

the disease.  As lung cancer patients may face serious physical and functional declines, 

caregivers are often helping with ambulation, moving or lifting patients, and assistance 

with nutritional needs and management 154. Lung cancer survivors usually experience a 

considerable degree of symptom burden, often experiencing multiple symptoms at 

once155.  These symptoms, such as pain, dyspnea, and fatigue, can be difficult to 

manage from the caregiver’s perspective.  Overwhelming psychological demands of 

caregiving, such as anxiety, depression, and other psychological distress, are common 

in these caregivers, often related to the fact that lung cancer is a disease with frequent 

recurrence in early stages and death in the later stages of the disease. In fact, 

caregivers of lung cancer survivors were shown to have higher risk of depression and 

more psychiatric consultations than caregivers of patients with other cancers 214, 234.  

Caregiving spouses of lung cancer patients have been shown to need to take more sick 

leave than spousal caregiver of other cancer types, which may correlate with higher 
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physical and emotional burdens of care 222.  Further, it is important to note that distress 

brought on by challenges in one construct related to HQOL may compound challenges 

in other constructs 222.  Added caregiver stress may result in sleep loss, fatigue, and 

additional unhealthy behaviors, potentially affecting physical well-being as well as 

mental well-being.   

 

PA and HQOL in Caregivers of Cancer Survivors 

 While there is a growing body of literature describing the challenges, and 

associated HQOL, in caregivers of cancer survivors, little work has been done to 

evaluate potential interventions to mediate these challenges. Despite the potential 

benefits, few psychosocial and/or behavioral interventions to enhance caregivers HQOL 

have been developed 56.  Of the few interventions that have been tested, those that 

emphasize education on the disease process and associated medical treatments, 

improvement on problem-solving skills, and psychological counseling appear to be 

successful in lowering stress levels and improving HQOL of caregivers of cancer 

survivors, mainly through the improvement of confidence, knowledge, self-efficacy and 

mood 56, 72, 154, 208, 217, 223.  As PA has been shown to mediate HQOL challenges in a 

number of populations, it could serve as an appropriate intervention option, yet there is 

very little evidence to show its effectiveness in this population.  At this time, there have 

not been any studies designed to specifically evaluate PA and HQOL in caregivers of 

cancer survivors.  There have been, however, two studies that have indirectly utilized 

PA as a secondary intervention to improve HQOL, and a study that highlights PA as a 

potential preference to reduce stress in caregivers.  In the first of the aforementioned 
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studies 216, a randomized control trial was used to test the hypothesis that telephone-

delivered psychosocial interventions decrease depression and anxiety in breast cancer 

survivors and their caregiving partners.  Ninety-six cancer survivors paired with their 

ninety-six caregivers were randomized to either six weeks of telephone counseling, six 

weeks of self-managed exercise, or a control group.  The telephone counseling group 

received phone calls (cancer patients once a week and their caregivers once every two 

weeks) from a psychiatric nurse counselor with oncology expertise focusing on cancer 

education, social support, coping mechanisms, and awareness and management of 

depression and exercise.  The exercise intervention was also delivered via telephone 

calls (again, cancer patients once a week and their caregivers once every two weeks), 

encouraging the participants to exercise, focusing on regular, low-impact exercises, and 

to discuss and track their progress.  PA information was also collected during these 

phone calls, such as number of days exercised in the previous week, total minutes 

exercised each day, type of activity, and intensity of activity (as determined by a 

subjective intensity scale from 0-10).  The control group received telephone calls, 

though no counseling or encouragement to exercise occurred.  Depression and anxiety 

were measured through the Center for Epidemiological Studies-Depression (CES-D) 

scale and an eight-item composite index of previously validated measures, respectively.  

While there wasn’t a significant difference in depression scores for the caregivers 

between groups, including the controls, there was a significant difference between 

scores pre- versus post-intervention in all groups, with depression scores decreasing 

substantially.  Unfortunately, as controls also saw a beneficial change in depression 

scores, it is difficult to suggest that the treatments themselves were effective.  As each 
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group received a bi-weekly phone call, the regular attention, social interaction, and 

concern from research staff may have been enough to mitigate depression in these 

individuals.  Anxiety scores of caregivers were also significantly decreased from 

baseline to post-intervention in both treatment arms, though not in the controls.  Though 

no significant difference was found between treatment arms, the findings that exercise 

can influence anxiety are consistent with previous work suggesting that exercise can 

benefit mental health 129.  It is possible that the phone calls helped to increase 

adherence rates to an exercise program, yielding these results.  A major limitation to 

this study was depression scores at baseline, with controls scoring below the diagnostic 

criteria for depression, perhaps indicating a floor effect.  Those in the telephone 

counseling arm had the highest level of pre-intervention depression, and would likely 

benefit the most from an intervention.  Surprisingly, although information on total volume 

of PA was collected, it wasn’t discussed at all in the results or discussion of the paper.  

Adherence to the PA intervention was also not discussed.  It is possible that an 

improper dose of exercise was used in this study, as certain intensities, types of activity, 

or total volume of PA, may be needed to affect mental health.  As such, this information 

would be needed to truly evaluate the role of PA on mental health concerns in 

caregivers of cancer survivors. 

 A second study touching on this topic evaluated the effect of social support on 

both HQOL and PA behavior of adult cancer survivors and their caregivers 217.  PA 

participation was said to be measured through the eight-foot up-and-go functional 

fitness test and HQOL was measured through the SF-8.  While researchers found that 

those cancer survivors who had higher PA participation scores had higher physical 
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HQOL scores, this relationship was not seen in caregivers.  No other significant 

relationships were found between PA participation and HQOL in the total sample.  This 

could be due to the many limitations in this study, including the small sample size 

(n=39), missing data on many of the questionnaires, and the use of a functional fitness 

test as a measure of PA participation.  As such, findings from this study should be 

tempered at best. 

 Finally, in a study attempting to evaluate preferences of programs designed at 

reducing stress and burden in caregivers of those with brain tumors, Swartz et al. 

interviewed sixty caregivers and asked about partiality toward designed stress-reduction 

programs aimed at developing internal resources for caregivers 239.  Subjects were to 

indicate from a list of stress-reduction techniques/programs which they preferred, if they 

were currently participating in these programs, and if so, to rate their experiences with 

these programs.  The list was populated with techniques and programs by a group of 

clinicians and researchers who used programs that were both previously shown to 

reduce stress, as well those that were able to be modified to fit the needs of a general 

caregiver.  Exercise, being listed as one of the eleven possible interventions, was the 

number one preferred choice of stress relief in the total sample and in both men and 

women independently.  These findings hold when stratified by stress status and tumor 

grade.  These findings are encouraging and suggest that PA interventions tailored to 

caregivers of cancer survivors may be beneficial.  Limitations in this study, such as use 

of a convenience-sample, small sample size, and the use of a non-validated tool to 

define intervention preferences, could complicate interpretation. 
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PA in Caregivers of Other Conditions 

 While there were no studies directly evaluating PA and HQOL in cancer 

caregivers found in the literature, there were studies, albeit very limited, that evaluated 

PA and HQOL in other types of caregivers. In a twelve-month randomized control trial of 

100 older women who identified as informal caregivers of a relative with dementia, 

researchers evaluated an exercise program on HQOL outcomes 240. Participants were 

randomized to 12 months of a home-based, telephone-supervised, moderate-intensity 

exercise training program or to an attention-control program. Exercise consisted of four 

30- to 40-minute aerobic exercise sessions per week at an intensity level of 60%-75% of 

heart rate reserve or 12-16 on the Borg scale.  Participants randomized to the exercise 

arm received an individualized exercise plan based specifically on her exercise 

preferences and particular caregiving situation. The majority of these participants chose 

to engage in brisk walking in their immediate neighborhoods though participants who 

could not leave or find coverage for their caregiving duties, an indoor activity program 

was developed, included stationary cycling or use of project-provided exercise 

videotapes.  PA information was recorded in activity logs, which were then used by the 

health educators to counsel them on how to increase their exercise frequency, intensity, 

and duration via telephone.  Participants randomized to the control group received a 

telephone-based nutrition education program that was matched with the exercise 

intervention regarding the amount and type of staff contact received (introductory 

session and 14 telephone contacts).  HQOL constructs were measured through the 

Perceived Stress Scale (PSS) and the Beck Depression Inventory (BDI).  Researchers 

found that caregivers assigned to the exercise intervention did not have significantly 
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different scores on either the PSS or BDI when compared to the control group, but did 

find notably significant improvements in scores from baseline, with BDI scores dropping 

below the cut point often used for mild depression. While this was a well-designed study 

with promising outcomes, evaluation of the relative efficacy of health behavior 

interventions compared with psychosocial interventions aimed specifically at reducing 

psychological distress is difficult.  Studies are needed that explicitly compare these 

different interventions directly.  The changes in psychological outcomes observed from 

baseline could be due to actual improvement stemming from participation in a health 

promotion program, regardless of content, or to other social interactions from 

researchers.     

 

Section Summary 

 It has been well documented that caregivers of cancer survivors face potential 

health challenges, including diminished physical and mental health, all of which may 

negatively impact HQOL.  Further, studies suggest that caregivers of certain types of 

cancer face specific challenges or, in the case of caregivers of lung cancer, amplified 

concerns due to high rates of recurrence and death.  Regardless of cancer site or of the 

disease trajectory, modalities need to be evaluated as a way to lessen these challenges 

and improve HQOL outcomes.  While PA is an appealing option due to its impact on 

various health and QOL outcomes in a host of populations, very little work has been 

done to test this type of intervention in this setting.  This dearth of information points to 

the great need to evaluate PA as a potential treatment to improve HQOL in caregivers 

of cancer survivors.  Therefore, it is the goal of the proposed research project to help fill 
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these gaps by examining the potential role of PA, in the form of an exercise intervention, 

to improve HQOL in a sample of caregivers of lung cancer survivors. 
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Chapter III:  Research Design and Methods 

 

Study 1: Physical Activity and Health Related Quality of Life in Native American 

Cancer Survivors 

Overview & Study Design 

This study will use a cross-sectional design to analyze the association of PA with 

HQOL in a cohort of NA cancer survivors.  As this is the first study of its kind, the cross-

sectional design is an efficient one with which to begin to examine this relationship.  

Information obtained from this study can be used to generate hypotheses for future 

prospective studies and, importantly, potential interventions.   

 

Methods 

 Subjects- This study will utilize a large cohort of NA cancer survivors as 

assembled by the Native American Cancer Research Corporation (NACR), led by Dr. 

Linda Burhansstipanov.  The NACR, an organization designed specifically for NA 

cancer survivors to help minimize the effects of cancer diagnoses and treatment and 

improve HQOL, developed a “NA Cancer Education for Survivors (NACES)” program.  

This on-line program provides educational materials specific to NA, and is visited by 

approximately 1,200 visitors from across the country each day.  NA may be directed to 

the site through information given at community-meetings, cancer support groups, 

conferences, one-on-one or group contacts or general internet searching. Beginning in 

October 2006, NACES users were invited to participate in a survey to assess HQOL.  

As of 2009, more than 700 NA have completed the survey and more participants are 
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added each year.  Of note, 58% of these survivors are considered long-term survivors 

(diagnosed more than five years previously). Data for the proposed study will be culled 

from subjects completing the survey starting in July 2013 with an end date of 

approximately December 2014.  We expect that nearly 100 NA will completely the 

survey in this time frame.  

 Survey-The survey utilized in this study was originally developed in the late 

1990s and utilizes many standard measures.  The NACES QOL Questionnaire is based 

on several existing instruments, including the Functional Assessment of Cancer 

Therapy – General (FACT-G), the QOL-CS (City of Hope HQOL measure), and Ferrell’s 

cancer survivorship instruments17, 126, 241.  All survey items underwent multiple 

modifications from a panel of experts to make them culturally relevant, acceptable, and 

understandable to the proposed audience.  While NACES staff was unable to obtain a 

sufficient sample to fully validate this tool, a group of fifty NA cancer survivors provided 

feedback and suggestions, adding to the tool’s face validity.  Along with HQOL 

constructs (physical, psychosocial, spiritual, and social), demographic characteristics, 

current disease status, lifestyle and health history information are also collected by this 

tool. Subjects could complete the survey themselves or with the help of friends, family 

members, or with assistance from a trained NA patient advocate.  Previously, nearly 

90% of all participants utilize the service of these patient advocates. While the number 

of NA patient advocates have decreased in the last two years, we still expect a large 

number of those survivors completing the survey to be assisted by these individuals.  

Assessing PA- The choice of method for measuring PA is of great importance.  

Not only is it important to use valid and reliable tools to avoid bias and error, picking the 
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correct method of measuring PA can help to further define relationships between PA 

and various health outcomes.  While many measures of PA exist, no method is suitable 

for every disease, every population, or every research situation.  In addition to 

information regarding the amount of PA one participates in, it is important to also 

examine the type and intensity of the activity being performed, the former of which can 

currently only be done using self-report methods.  Self-report recall instruments are able 

to capture the type, frequency, duration, relative intensity, and, sometimes, reason for 

performing PA.  These instruments are rather inexpensive, non-invasive and user 

friendly for subjects, yet recall bias is a possibility that can introduce error into a study.   

When choosing an appropriate measure of PA, the experimental population and 

the method of delivery, in part, dictate the tool of use.  As there was no PA measure that 

has been validated for use in NA cancer survivors, we chose to develop a tool specific 

to this population.  Importantly, questions were asked to attempt to capture culturally 

relevant PA across a myriad of settings and intensities.  Specific activities included were 

taken from both the Modifiable Activity Questionnaire (MAQ)/Pima Indian Questionnaire 

242, a validated questionnaire specifically used in Pima Indians, as well as from 

suggestions made by researchers and professionals working with this population. The 

tool itself was modeled after The Community Healthy Activities Model Program for 

Seniors (CHAMPS) Physical Activity Questionnaire, which is a comprehensive 41- item 

questionnaire used to assess frequency, duration, intensity and type of PA in older 

adults 243.  This reliable and valid instrument 244, 245 is a subjective measurement tool 

specifically designed for older adults by incorporating physical activities specific to that 

population.  Most activities are of light or moderate intensity and integrate many 
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different domains of PA.  As our goal was to also capture similar types of activities that 

are specific to the NA population, we modeled the types of PA participated in across a 

number of domains and intensities.  Like the CHAMPS, our questionnaire captures 

activities done in a typical week during the previous four weeks.  Questions are 

formatted as “In the typical week during the past four weeks, did you engage in…?”.  If 

the subject answers “yes” to the question, they in turn reply with the total number of 

hours per week that they spent participating in that activity.  The complete questionnaire 

can be found in Appendix B. Responses will be assigned a MET value based on the PA 

compendium as described by Ainsworth et al 157. These data will then be converted into 

MET-hours/week (MET-hr/wk) equivalents.  Values from all questions will then summed 

to create a total MET-hr/wk energy expenditure variable.   

Additional information- Additional information collected includes height, weight, 

sex, tribal region, insurance coverage, and years of education completed.  A brief 

medical and health history will also be completed that includes information on date 

of/time since cancer diagnosis, recurrence, type of cancer, family history of cancer, and 

relevant treatments (both western medicine and traditional medicine).     

Analysis- Analyses will be conducted using SAS statistical software (SAS 

Institute, Inc., Cary, NC).  All data will be tested for normality and transformed when 

necessary so parametric statistics may be used.  Regression models will be used to 

examine the cross-sectional relationships between PA and HQOL. Specifically, analysis 

of covariance (ANCOVA) will be used to evaluate the relationship between PA with 

various HQOL constructs/variables.  PA will be considered a categorical variable and 

will be categorized by quantiles of total volume (MET-hrs/wk).  PA will also be 
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considered dichotomously in analyses specific to meeting ACSM PA recommendations 

246.  Covariates considered for these analyses will include age, sex, smoking status, 

alcohol consumption, education, comorbidities, treatment type, age at diagnosis, and 

time since diagnosis.   All covariates that appreciably change the association will be 

included in the model to control for their effect.  ANCOVA will also be used to examine 

the association of PA and HQOL across type (planned exercise and non-exercise PA) 

and intensities (light, moderate, and vigorous) of physical activity.  

 

Limitations 

Due to the cross-sectional design utilized in this study, causality is unable to be 

established.  For example, if PA is found to be associated with higher HQOL scores, 

this may not necessarily be indicative of those performing more PA having a higher 

HQOL, but could simply indicate that those who have a higher HQOL are more likely to 

participate in PA.  Also as a consequence of the study design, this work utilizes a 

convenience sample of non-randomized participants.  A convenience sample can lead 

to selection bias, as only those individuals who have access to the internet and found, 

or were directed to, the NACES website completed the survey.   These individuals may 

be different from those individuals without internet access. While this is a limitation, a 

cross-sectional design is an appropriate first step in evaluating associations which can 

then be used to inform future research designs.    

All data collected in this study are from self-reported measures.  Self-reported 

data are often subject to measurement error, which can lead to bias and incorrect 

conclusions.  While objective measures could potentially cut down on measurement 
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error, self-reported data offers a potentially rich source of information.  It is the only way 

of measuring HQOL, which is a very important construct of overall health.  When 

evaluating PA, objective measures are unable to capture information on type of activity.  

This information is imperative when trying to design future interventions that are 

culturally relevant to this population.  Further, it may not be feasible to fit a population-

based sample with objective monitors due to cost, time and resources.  As surveys are 

efficient ways of collecting data at the population level and can provide information on 

both HQOL and specific constructs of PA not available through objective measures, 

they will be used in the current study; however, any potential associations observed in 

these analyses should be tempered due to the lack of precision and potential bias 

introduced by these instruments.   

Another limitation of this study is that our measure of PA has not been validated 

for use.  Utilizing non-validated measures can call estimations into question; however, 

as there are no instruments that have been validated for use in this population, and our 

tool was based on previously validated measures, including the Modifiable Activity 

Questionnaire (MAQ)/Pima Indian Questionnaire 242, we felt its use to be appropriate in 

this setting.  While other valid measures of PA may be more attractive for use in 

establishing associations between PA and HQOL, we felt that a tool that attempted to 

evaluate culturally specific PA would provide a much more appropriate assessment of 

these relationships in NA.   
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Study 2: Impacts of Exercise on Prognostic Biomarkers in Lung Cancer Patients  

 

Overview & Study Design 

 This research study will utilize an experimental design to determine how exercise 

in a sample of lung cancer survivors can alter various health outcomes in this 

population, including biomarkers of prognosis, exercise capacity, and HQOL. 

Specifically, this 8-week, randomized, controlled trial will test the effects of a combined 

at-home (three days per week) and in-clinic (two days per week), exercise intervention, 

consisting of both aerobic and resistance training, in lung cancer patients.  Subjects will 

be randomized to the training intervention or to usual care. 

 Subjects- We will recruit 54 lung cancer survivors for participation in this study. 

Subjects meeting eligibility criteria, which include being at least eighteen years of age, a 

confirmed diagnosis of any stage lung cancer (NSCLC or SCLC), and able to 

understand and read English sufficiently to complete informed consent and to complete 

the questionnaires, will be identified by their primary oncologists, given an informational 

flyer, and referred to the study staff. Interested subjects will then call study staff to 

determine eligibility and to receive more information about the study. Subjects receiving 

any type of treatment (chemotherapy, radiation therapy, both or neither), curative or 

non-curative, are eligible.  Patients treated with curative intent, and who have not 

relapsed, must be within one year of their diagnosis of lung cancer as determined by 

date of diagnostic pathology sample. Subjects will also be screened for exclusion 

criteria, which includes symptomatic heart disease, congestive heart failure or 

arrhythmia, documented myocardial infarction in the last three months, CNS metastases 
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that result in impaired ability to participate in an exercise program at the discretion of the 

study physician, any psychological or physical disease that would impair or prevent 

participation in an exercise program at the discretion of the study physician, cognitive or 

reading impairments that would preclude them from completing questionnaires, or 

current participation in an exercise program. As one previous study found that the at-

home component of their combined at-home/clinic exercise intervention had low 

adherence 169, a support person will undergo the intervention with the patient if assigned 

to the exercise treatment to increase patient adherence. Should a patient be unable to 

identify a support person to participate with them, they will still be able to participate. 

More information regarding these support persons can be found in Study 3. 

 Protocol- After the initial screening phone call, interested and eligible patients will 

be enrolled at the University of Wisconsin Hospital, Madison or UW Health Oncology at 

1 South Park. All subjects will sign the consent form at the pre-intervention visit with a 

member of the research team. Subjects will have information extracted from patients’ 

medical records, including past medical history, disease stage, grade, treatment type, 

and medications.  All subjects will provide information on their age, race, ethnicity, 

education, and smoking status.  Height, weight and body fat percentage (via 

bioelectrical impedance) will be directly measured by research staff in all subjects and 

typical daily PA levels will be measured by the International Physical Activity 

Questionnaire-Long Form (IPAQ), a reliable and valid questionnaire frequently used to 

measure PA 247.  During this pre-intervention visit, subjects will also complete a series of 

tests to evaluate the biomarkers of interest, exercise capacity, and HQOL.  Subjects will 

be instructed to refrain from exercise for eight hours prior to testing, from alcohol for 
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twelve hours prior, and from using NSAIDs for twenty-four hours prior to testing.  

Subjects will be rescheduled if they have been diagnosed with an upper respiratory 

infection due to the effect it may have on inflammatory markers. These outcome 

measures will be repeated at the post-intervention visit.   

 

Study Procedures/Measures 

Randomization- Participants will be stratified by both treatment (active treatment versus 

non-active treatment) and stage (Stage I, Stage II, and surgical Stage III versus non-

surgical Stage III and Stage IV).  Block randomization will then be used to assign 

subjects to the exercise intervention (treatment arm) or usual care (control arm) using a 

computer random assignment program. The allocation sequence will be generated in 

the OnCore system and subsequently concealed from the research coordinator and 

exercise physiologist. Once the allocation sequence assignments are generated, a 

research assistant will place assignments for each potential subject in an envelope and 

subjects will be assigned their respective participation groups following the pre-testing 

to eliminate researcher bias.  To improve retention rates, subjects randomized to the 

control group will be offered an exercise consultation from the exercise physiologist 

upon completion of the post-test. 

 Intervention- The exercise intervention is designed to be consistent with the PA 

guidelines as suggested by the ACSM 13, 246.  The intervention will consist of individual, 

supervised exercise training two days per week and a prescription for at home exercise 

three days per week. All in-clinic sessions will be supervised by an exercise 

physiologist.  Each exercise session will be composed of an aerobic component and a 
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resistance training component.  This exercise session is to be performed at a moderate 

level of intensity as determined by the Borg Rating of Perceived Exertion Scale (12-16) 

248.   At the initial visit, individual consultations with the exercise specialist will be used to 

tailor the intervention exercises to the subject. Aerobic training will be done five 

days/week, including the two days at the clinic. Resistance training will be done two 

days/week, likely at the clinic visits. If subjects have bone metastases, their exercise 

plan will be modified in consultation with the study oncologist to assure the safety of the 

exercises. Specific exercises can be avoided or adapted if the subject is at risk of 

pathologic fracture. Activity logs will be used by subjects to record their weekly exercise 

and, along with attendance at in-clinic sessions, will be used to measure program 

adherence. 

 Aerobic Training – Subjects will have their choice of walking or stationary cycling 

as their mode of aerobic exercise during the aerobic component of their intervention.  

Subjects will progress from a minimum of 10 minutes/session of aerobic activity as 

needed to 30 minutes/session as tolerated. We will use the Borg Rating of Perceived 

Exertion Scale 248  (RPE) to judge intensity and ask participants to work at a rating of 

12-16 (the ‘somewhat hard’ to ‘hard’ range).  RPE will be systematically collected 

throughout the exercise session to assure participants are exercising at the appropriate 

intensity. 

 Resistance Training- We will be using resistance bands with graded resistance 

for the strength training portion of the intervention. The following exercises are designed 

to hit all the major muscle groups: chest press, seated row, upright row, triceps 

extension, bicep curls, squats, shoulder press, and calf raises. These eight exercises 
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will be done in two sets of 10-15 repetitions each.  Resistance will be added by 

advancing through the different bands as 15 repetitions become easy to do. Although 

the study is designed to have the subjects do their resistance training in the clinic, each 

subject will receive their own set of resistance bands and instructions on the eight 

exercises in case the exercises need to be done at home due to missed clinic visits. 

 Biomarkers: Inflammation and Oxidative Stress- Peripheral blood samples 

(~10ml) will be drawn at both the pre-intervention visit and post-intervention visit prior to 

exercise capacity testing.  These samples will be collected into a 4mL SST tube, with 

the serum being divided into three polyvials (0.5 ml per polyvial).  Post blood draw, the 

sample will be inverted 5 times, then allowed to clot at room temperature for 20-30 

minutes.  Serum will be obtained by centrifuging the test tube at 3000 rpm for 10 

minutes.   Processed samples will be stored in a below 70 degrees centigrade freezer 

until time of processing.   All samples will be labeled with the date, time of draw, the 

study number and individual subject identification number.  

Some of the hypothesized mechanisms through which PA may be beneficial in 

lung cancer include a reduction in inflammation and lower levels of oxidative stress 249. 

Serum levels of pro-inflammatory cytokines that have been linked to poor survival in 

lung cancer (interleukin (IL)-1β, IL-6, and TNF-α) will be measured 51.  High sensitivity-

CRP, a liver-derived protein that is reflective of systemic inflammation and has been 

shown to be prognostic for cancer survival of various types, will also be measured in 

serum 177. 8-OHdG is a commonly used marker of oxidative stress and has been linked 

to cancer risk and, potentially, prognosis 187. 
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 Quality of Life- The FACT-L (Functional Assessment of Cancer Therapy-Lung) is 

a 44-item self-administered instrument which measures multidimensional quality of life 

specific to lung cancer survivors 250. The items queried span five domains: physical, 

social/family, emotional, and functional well-being, along with a lung cancer specific 

subscale measuring symptoms, cognitive function, and regret of smoking. Each of these 

subscales are scored on a five-point scale from zero (described as “not at all”) to four 

(described as “very much”).  Subscale scores are then added to obtain a total score.  The 

FACT-L has been shown to be both reliable and valid for use in this population 250 and 

is widely used, allowing us to compare our study population and results to other 

published studies.  

 Exercise Capacity- The Long Distance Corridor Walk (LDCW) is a two part test 

used to measure exercise capacity 251.  It consists of a self-paced two-minute walk, 

followed by a timed 400-m walk.  This test has been shown to be a valid and reliable 

performance-based measure of functional status in both middle-aged and older 

adults252.  Before the test begins, participants will be fitted with a heart rate monitor and 

have their heart rate and blood pressure measured. The test will not be completed if 

their resting systolic blood pressure (BP) is 180mmHg or higher; their resting diastolic 

BP is 110mmHg or higher; their resting heart rate (HR) is less than 40 beats per minute 

(bpm) or greater than 110 bpm.  After placing two small traffic cones set 20 meters 

apart, participants will first complete a two-minute walk around the cones with the goal 

to cover as much ground as possible. After a one minute break, participants will 

complete the 400-m walk. The goal for this test is to complete the walk in the shortest 

amount of time. At the end of each lap, the participants will be told how many laps are 
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remaining and will be given standardized encouragement. If participants have the need 

to stop walking during the test, they will be allowed to stand in one place for no longer 

than 60 seconds. If the rest period is longer than 60 seconds the test will be 

discontinued. There is no limit to the number of rests allowed; however, the test will be 

discontinued after 15 minutes. Additionally, subjects will have the option after the two 

minute walk to decline to participate in the 400m walk, and can withdraw from the test at 

any time.   

 Analysis-All measured variables will be checked for normality and transformed as 

appropriate. Initial descriptive statistics will be calculated and compared between the 

two arms (treatment vs. usual care) at baseline using unpaired t-tests and Chi-Square 

analyses where appropriate. For the main analyses (the differences between lung 

cancer patients outcomes between groups), outcome measures will be treated as 

continuous variables. A two-way analysis of variance will be used to examine the effects 

of the treatment over time (pre- to post-intervention) on each of the dependent variables 

(inflammatory markers, 8-oh-dG, FACT-L, gate speed  on LDCW test). Power was 

calculated using hs-CRP as the primary dependent variable of interest with an overall 

Type I error rate of 5%, and 80% power. Using the exercise study by Hwang et al 253, 

we determined that 54 total subjects would be necessary to detect a significant 

difference in CRP between the two groups of lung cancer patients based on a mean 

difference of 6 pg/mL and an SD of 7.7.   

 Limitations- Adherence rates to home based exercise interventions have 

previously been shown to be quite low in cancer survivors 169.  We have attempted to 

combat this by adding a support person/informal caregiver to join the patient in the 
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intervention, thereby bolstering participation. Previous work has shown exercise 

adherence rates to improve when done in the company of others 254.  Still, it is possible 

that, given the intensity of the exercise, the number of sessions, the need to come to the 

clinic twice/week, and the fact that this population generally has a low exercise capacity, 

adherence to the program may be low.  Adherence rates will be determined by 

attendance to the in-clinic sessions and the use of PA logs for home exercise.  These 

rates will be reported with our findings and an intent-to-treat analysis will be used.  

Should it be the case that adherence rates are low, findings may need to be interpreted 

with caution.   

 The intervention offers considerable social interaction for the survivor with 

research and hospital staff, as well as the informal caregiver.  This may cloud findings, 

as social interaction has been shown to improve health outcomes, including HQOL, in a 

number of populations, including cancer survivors.  Should we observe changes in our 

measures post-intervention, these changes may be due to the social and potential 

motivational value of receiving bi-weekly social interaction as part of the exercise 

intervention as opposed to simply the behavioral act of PA.  The design of this study 

does not allow us to control for this interaction.  Still, as research staff will be present 

during in-clinic visits to assure safety and compliance and the presence of an informal 

caregiver in the exercise intervention may be needed to increase adherence, we feel 

that this interaction may still be a necessary part of the intervention. Further, it is 

doubtful that this social interaction would affect the physiologic biomarkers or exercise 

capacity measured as part of this study.  Observed improvements in these measures 

post-intervention may help support any documented changes in HQOL outcomes.  
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 Finally, as we are only utilizing one particular exercise treatment arm, 

observations will be specific to this dose of exercise.  It is possible that changes may 

only occur at certain intensities, types, or volumes of exercise.  As such, should we fail 

to find significant changes in this population, it does not necessarily suggest that an 

exercise intervention is not a successful treatment modality, but rather that the dose 

evaluated might be inappropriate.  Further, we are using an aerobic and resistive 

training component in this exercise intervention.  As we are only using one treatment 

arm, we will not be able to tease apart potential differences in outcomes due specifically 

to aerobic exercise versus resistive training.  However, as this intervention mimics the 

suggested PA recommendations for both the public 246, as well as cancer survivors 13, 

we feel it is appropriate to use in this setting.  

 

Study 3: Impacts of Exercise on HQOL in Informal Caregivers of Lung Cancer 

Patients  

 

Overview & Study Design 

 This research study will utilize an experimental design to analyze how exercise in 

a sample of informal caregivers of lung cancer survivors can affect HQOL. Specifically, 

this study will consist of an 8-week, randomized controlled trial utilizing an exercise 

intervention, consisting of both aerobic and resistance training, in these caregivers.  

This study is part of the larger study discussed above, which evaluates an exercise 

intervention in lung cancer survivors. Recall that cancer survivors enlist a caregiver to 

go through the exercise intervention with them to increase exercise adherence rates.  
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As such, caregivers will be randomized to the exercise intervention or usual care as a 

pair with the lung cancer patient to whom they are offering support.   

 Subjects- We will attempt to recruit 54 caregivers of lung cancer survivors for 

participation in this study. These subjects will be identified as a result of their 

participation in a larger study utilizing an exercise intervention to evaluate health 

outcomes in lung cancer survivors (see study 2).  Caregivers will be identified by lung 

cancer patients to complete the exercise intervention with them in order to increase 

adherence rates of the survivors.  Subjects meeting eligibility criteria, which include 

aged at least eighteen years and the ability to understand and read in English 

sufficiently to complete informed consent and to complete the questionnaires, will be 

able to participate. Potential subjects will also be screened for exclusion criteria, which 

include symptomatic heart disease, congestive heart failure or arrhythmia, documented 

myocardial infarction in the last three months, or any cognitive or reading impairment 

that would preclude them from completing questionnaires.  

 Protocol- Eligible subjects will be enrolled at the University of Wisconsin Hospital, 

Madison and UW Health Oncology at 1 South Park. All subjects will sign the consent 

form at the pre-intervention visit with a member of the research team. All subjects will 

provide information on their age, race, ethnicity, education, smoking status, and 

comorbidities.  Height and weight will be directly measured by research staff in all 

subjects and typical daily PA levels will be measured by the International Physical 

Activity Questionnaire-Long Form (IPAQ), a reliable and valid questionnaire frequently 

used to measure PA 247.  During this pre-intervention visit, subjects will also complete 

an exercise capacity test and a HQOL survey.  These outcome measures will be 
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repeated at a post-intervention visit.  All tests will be administered by trained research 

staff.   

Study Measures: 

 Exercise Capacity- The Long Distance Corridor Walk (LDCW) is a two part test 

used to measure exercise capacity, consisting of a self-paced two-minute walk, followed 

by a timed 400-m walk 251.  For details, please refer to Study 2. 

HQOL- When attempting to measure HQOL, there are two methods to consider: 

generic and specific.   Generic measures of HQOL attempt to measure the broader 

aspects of HQOL by not being specific to a certain medical outcome.  A major 

advantage to generic measures is their ability to address a great range of subjects 

across an array of medical conditions 92.  By doing so, various populations and 

treatment modalities and their effects on HQOL can be evaluated.  Specific measures, 

such as the FACT-L, are instruments that directly measure outcomes of a specific 

disease, population, or clinical problem.  These measures are potentially more 

sensitive, but are difficult to evaluate across varying populations and diseases.  Choice 

of specific versus generic measures is dependent upon the population being studied 

and the goals and scope of the research at hand. 

One of the most recognizable generic measures is the Medical Outcomes Study 

Short-Form Health Survey (SF-36) 255.  The SF-36 is a 36-item measure encompassing 

eight individual constructs: physical function, role limitations owing to physical problems, 

bodily pain, general health perception, vitality, social functioning, role limitations as a 

result of emotional problems and mental health.  Each of these subscales are scored on 

a scale of 0 -100, with 0 being the worst possible score 256.  These eight distinct 
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domains can be summarized into two summary scores: the physical health component 

score (PCS) and the mental health component score (MCS) 257.   The SF-36 has been 

shown to be both reliable and valid for use in general populations as well as in those 

with specific conditions, including cardiac, pulmonary, orthopedic, and cancer 258-261.  

Each subscale of the SF-36 consists of a number of closed-ended questions.   The 

standard SF-36 scoring method will be used 257.  Population based norms have been 

published for the subscales and associated summary scores and will be used in the 

analysis 262. 

 Intervention- As this study is part of the study detailed above (study 2), the 

details of the intervention are consistent with that previously described.  Briefly, the 

intervention will consist of supervised exercise training two days per week and a 

prescription for at home exercise three days per week, totaling ~150 minutes of 

moderate PA each week. Each exercise session will be composed of an aerobic 

component and a resistance training component.  This exercise session is to be 

performed at a moderate level of intensity as determined by the Borg Rating of 

Perceived Exertion Scale 248.  As such, caregivers may not be working at the same 

intensity as the lung cancer patient.  At the initial visit, individual consultations with the 

research assistant will be used to tailor the intervention exercises to subjects. Aerobic 

training will be done five days/week, including the two days at the clinic. Resistance 

training will be done two days/week, likely at the clinic visits. Both aerobic and resistive 

activities are to be done at a moderate-intensity. We will use the Borg Rating of 

Perceived Exertion Scale 248  to judge intensity, and ask participants to work at a rating 

of 12-16 (the ‘somewhat hard’ to ‘hard’ range). Of note, depending on the fitness level of 
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the caregiver, while they will be working at the same relative intensity (“moderate”), they 

may or may not be working at the same specific absolute intensity as that of the lung 

cancer patient.  Specific exercises can be avoided or adapted if the subject has 

preexisting conditions that require such actions. Activity logs will be used by subjects to 

record their weekly exercise and, along with attendance at in-clinic sessions, will be 

used to measure program adherence.  For details on exercise modalities, please refer 

to Study 2. 

 Analysis-All measured variables will be checked for normality and transformed as 

appropriate. Initial descriptive statistics will be calculated and compared between the 

two groups (treatment vs. usual care) at baseline using unpaired t-tests and Chi-Square 

analyses where appropriate. For this analyses (differences between caregivers of lung 

cancer patients between treatment groups), a two-way analysis of variance will be used 

to examine the effects of the treatment over time (pre- to post-intervention) on the 

dependent variable (SF-36). No power calculation was done specifically for this analysis 

as this is a sub-analysis as part of Study 2 which focuses on the survivors.  Our 

outcome measures (LDCW time and HQOL) for this study will be treated as continuous 

variables.   

 

Limitations 

 As this analysis is part of a larger study, we did not do an a priori power analysis.  

This might hamper our ability to statistically detect differences between groups.  We do 

feel, however, that as this is a preliminary analysis to evaluate the role of PA in these 
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caregivers, this should be a sufficient sample.  Further well controlled trials with 

appropriate power analysis may be warranted.   

 As discussed in the previous study, we may not be able to tease out exercise 

from social interaction regarding the role each play on our measured outcomes.  HQOL 

may improve simply by being in the presence of other individuals, which may cloud 

findings of the exercise intervention.  Also, as discussed above, the effect of aerobic 

versus resistance training will not be able to be discerned based on only having one 

treatment arm.  Finally, caregivers may be influenced by cancer survivors to exercise at 

an intensity closer to theirs, as opposed to the moderate intensity called for as part of 

this intervention.  While this problem should be avoided with the use of an RPE scale 

and education from the exercise specialist administering the intervention, a false RPE 

may be provided.  Future studies may need to utilize objective measures of exercise 

intensity to confirm intervention compliance. 
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Abstract 

 

Purpose: To describe the physical activity (PA) behaviors in a national sample of Native 

American cancer survivors (NACS) and examine the relationships of those behaviors with 

health-related quality of life (HQOL). 

Methods: Cancer survivors of all types completed a web-based questionnaire that included 

information on HQOL (previous seven days), PA (typical week in the past month), cancer-

specific outcomes, and demographic information. Descriptive statistics were used to explore PA 

behaviors and ANCOVA was used to evaluate the cross-sectional relationship between PA and 

HQOL constructs.   

Results:  Of our final analytic sample (n=55), 40% were breast cancer survivors, 87% female, 

69% between ages 55-74, and 92% were diagnosed within one year of completing the survey. 

Sixty percent met the current PA recommendations of 150 min/wk of moderate-to vigorous-

intensity PA (MVPA).  Survivors reported 1,242 MET-min/wk(300-2856) of MVPA and 691 MET-

min/wk(324-1434) of light-intensity PA.  Regarding PA type, this group reported 735 (312-1,242) 

MET-min/wk of non-exercise PA and 608 (219 - 1,493) MET-min/wk of planned exercise, and 

135 (0 - 662) MET-min/wk of NA-specific PA and 1,104 (609 - 2,168) MET-min/wk of non-native 

specific PA. Walking was the most common PA (91% participated), followed by light- (87%) and 

moderate-intensity (53%) housework. After covariate adjustment, meeting PA recommendations 

was not associated with any HQOL construct (p>0.05) other than physical function (p<0.01). 

When evaluating intensity- or type-specific PA with HQOL, greater amounts of moderate-

intensity PA, planned exercise, and non-native specific PA was associated with higher physical 

function. 

Conclusions: These findings suggest a majority of NACS meet PA guidelines, though this may 

be the result of over-reporting. Our results also suggest that meeting PA guidelines is 

associated with better physical function in NACS, but no other HQOL constructs.
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Cancer continues to affect an extensive number of lives in this country.  With 

over 1.6 million new cancer cases diagnosed each year 1, it has been estimated that 

half of all men and one third of all women in the United States (US) will be diagnosed 

with cancer in their lifetime 2.  Fortunately, advances in screening and improved 

treatments have led to a recent trend towards longer survival 3.  As a result, the cancer 

survivor population has grown exponentially in the last few decades, with over 14 million 

individuals with a history of cancer alive today 1.   

While the improvement in cancer survivorship has certainly been welcomed, 

research has documented that these survivors may face many physical, emotional, 

social and financial challenges associated with their disease and related treatments 4.  

These complications can detrimentally affect one’s HQOL 4-6.  Yet, not all populations 

suffer from these potential challenges equally.  One of the groups most affected by 

these disparities is Native Americans (NA) 7-9.  NA in general suffer disproportionately 

from many of the constructs that make up HQOL, including higher rates of physical 

disabilities10, functional limitations 10, pain 11, chronic conditions, comorbidities 12, 

depression 13, anxiety 13, substance abuse 14, suicide rates 15, and PTSD 16, suggesting 

that NA cancer survivors may have HQOL challenges specific to their survival that may 

be disparate from those of other populations.  However, there is a dearth of information 

specific to HQOL in NA cancer survivors and next to none regarding ways to mediate 

these conditions 17, 18.    

In an attempt to improve the HQOL of cancer survivors, various treatment 

modalities have been suggested.  One such modality that is often discussed in the 

literature is physical activity (PA). There is growing evidence suggesting that PA may 
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improve HQOL by enhancing physical, functional, psychological, emotional and social 

well-being, not only in the general population, but in cancer survivors as well 19-22.  

While this work is encouraging, many gaps in our understanding still exist. The majority 

of the literature evaluating these relationships is specific to non-Hispanic Whites 23  and 

breast cancer survivors 24, leaving a shortage of information on minority populations and 

other cancer types.  Further, most of these studies evaluating PA focus specifically on 

performing planned moderate-vigorous intensity exercise, such that information on other 

intensities, types and domains of PA is lacking.  

Currently, very little is known about PA in the NA cancer survivor population, nor 

the relationship between their PA and HQOL.  Little work has been done to define the 

PA behaviors of NA in general 25 and, to date, there has yet to be a single study to 

describe these behaviors in NA cancer survivors.  While research has shown that, 

similar to other populations, PA is associated with better health outcomes in NA 26, 

including increased levels of high-density lipoprotein cholesterol, lower fasting insulin 

levels, lower BMI levels, and lower percentage of fat and fat mass, these relationships 

cannot necessarily be generalized to that of the NA cancer survivor.  As such, it is 

important to explore the PA behavior of NA cancer survivors and to evaluate its 

relationship with HQOL in this population.  Thus, we conducted a cross-sectional 

analysis of a national sample of NA cancer survivors to describe the PA behaviors of 

this population and to evaluate the associations of PA with HQOL. Specifically, we 

examined the relationship between meeting PA guidelines and HQOL, as well as 

evaluating if the particular intensity or type of PA mattered regarding this association. 

 
Methods 
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 Subjects- This study utilized a cohort of NA cancer survivors assembled by the 

Native American Cancer Research Corporation (NACR).  The NACR, an organization 

designed specifically for NA cancer survivors to help minimize the effects of cancer 

diagnoses and treatment and improve HQOL, developed a “NA Cancer Education for 

Survivors (NACES)” program 27.  This on-line program provides educational materials 

specific to NA, and is visited by approximately 1,200 visitors from across the country 

each day.  NA may be directed to the site through information given at community-

meetings, cancer support groups, conferences, one-on-one or group contacts, or 

general internet searching. Beginning in October 2006, NACES users were invited to 

participate in a survey to assess HQOL.  As of 2009, more than 700 NA have completed 

the survey and more participants are added each year.  Data for the current study was 

culled from subjects completing the survey between July 2013 and September 2014.  

The total number of individuals to complete the survey in this time frame was 67.   

 Survey-The survey utilized in this study was originally developed in the late 

1990s and utilizes many standard measures.  The NACES QOL Questionnaire is based 

on several existing instruments, including the Functional Assessment of Cancer 

Therapy – General (FACT-G) 28, the QOL-CS (City of Hope HQOL measure) 29, and 

Ferrell’s cancer survivorship instruments 29.  Physical, psychosocial, emotional, sexual, 

spiritual, and social constructs of HQOL were addressed.  Answer choices were 

presented on a Likert-scale, ranging from zero to five, with a score of five considered to 

be the most desirable HQOL.  All survey items underwent multiple modifications from a 

panel of experts to make them culturally relevant, acceptable, and understandable to 

this audience.  While NACES staff was unable to obtain a sufficient sample to fully 
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validate this tool, a group of fifty NA cancer survivors provided feedback and 

suggestions, adding to the tool’s face validity 17.  Along with the HQOL constructs, 

demographic characteristics, current disease status, lifestyle and health history 

information were also collected by this tool.  For their participation, individuals received 

a $25 gift card.   

Assessing PA-  The PA questions used were modeled after The Community 

Healthy Activities Model Program for Seniors (CHAMPS) Physical Activity 

Questionnaire, which is a comprehensive 41- item questionnaire used to assess 

frequency, duration, intensity and type of PA in older adults 30.  This reliable and valid 

instrument 31, 32 is a tool specifically designed for older adults by incorporating physical 

activities most relevant to that population.   Various physical activities were queried to 

capture culturally relevant PA across a myriad of settings and intensities, and were 

taken from both the Modifiable Activity Questionnaire (MAQ)/Pima Indian Questionnaire 

33, a validated questionnaire specifically used in Pima Indians, as well as from 

suggestions made by researchers and professionals working with this population. Like 

the CHAMPS, our questionnaire captured activities done in a typical week during the 

previous four weeks.  Questions were formatted as “In a typical week during the past 

four weeks, did you engage in…?”.  If the subject answered “yes” to the question, they 

were instructed to reply with the total number of minutes per week that they spent 

participating in that activity. Activities were assigned a MET value based on the PA 

compendium as described by Ainsworth et al 34, and subjects participating in at least 

150 minutes of moderate–vigorous-intensity PA (MVPA) (3+ METs) were considered to 

have met the PA guidelines.  MET-minutes per week (MET-min/wk) equivalents were 
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also calculated for each activity and the values from all questions were then summed to 

create a total MET-min/wk energy expenditure variable.   

Additional information- Additional information collected included a brief medical 

and health history covering information on the date of cancer diagnosis, type of cancer, 

family history of cancer, and relevant treatments (both Western medicine and traditional 

NA medicine), as well as sex, tribal region, insurance coverage, and years of education 

completed.     

Analysis- Analyses were conducted using SAS statistical software version 9.4 

(SAS Institute, Inc., Cary, NC).  Subjects with no discernable history of cancer were 

excluded from the analysis.  Individuals were also excluded from analysis if all PA or 

HQOL data were missing.  Covariates were compared across level of PA using analysis 

of variance (ANOVA) for continuous variables. Categorical variables were evaluated by 

using Mantel–Haenszel chi-square or Fisher’s exact test when cell sizes were <5. 

Descriptive statistics were used to assess PA behaviors in this sample and analysis of 

covariance (ANCOVA) was used to evaluate the cross-sectional relationship between 

meeting PA guidelines and HQOL constructs, including physical function, emotional 

QOL, spiritual QOL, fatigue, pain, sleep, cognition, sexual functioning, and social 

function in this group. All HQOL outcomes were scaled such that the average score per 

scale was presented on a zero to five scale.  Covariates considered for these analyses 

included age, sex, number of comorbidities, education, treatment type, ever having lived 

on a reservation, blood quantum (percent of NA ancestry), geographical region, 

smoking status, alcohol consumption, age at diagnosis, and time since diagnosis. 

Covariates that changed the statistical significance of the PA terms or reduced the 
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magnitude of the difference appreciably were kept in the models.  These included age, 

sex, and geographical region.  

Multiple linear regression analysis was also used to examine the association of 

PA and HQOL across intensity and type of PA in MET-min/wk.  Light-intensity PA 

included activities <3 METs, moderate-intensity activities included activities consisting of 

3.0-6.0 METs, and vigorous-intensity PA included activities >6 METs. Type of PA was 

categorized as non-exercise PA (including such items as heavy work around the house, 

light work around the house, heavy or light gardening, working on an automobile, and 

walking to do errands, etc.) or planned exercise (including activities like lap swimming, 

jogging, running, lacrosse, basketball, aerobic machines, etc.).  We further defined type 

of PA as NA-specific activities (including activities such as native dancing, drumming, 

canoeing, hunting, and fishing) and non-native PA (activities not included in the former 

category).  Non-linearity was examined by comparing a model with linear terms only 

and a model with both linear and non-linear terms.  As non-linear models were found to 

be significant, non-linear polynomial models were used throughout the analysis. 

Covariates controlled for in the model were the same as those previously identified.  

Intensity-specific PA was also shown to confound relationships with HQOL and was 

subsequently included in models assessing intensity of PA (e.g., moderate- and 

vigorous-intensity PA was included in all PA models exploring light-intensity PA) and 

type where appropriate. Likewise, type of PA was controlled for in models evaluating 

type of PA (e.g., non-native specific PA was included in all models exploring native-

specific PA).  With these models, estimate statements were used to further explore the 

relationships between specified amounts of PA of varying intensities and types with 
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individual HQOL constructs.  Specifically, the change in HQOL score was determined 

by comparing rounded midpoints (MET-min/wk) of each quartile of intensity-specific and 

type-specific PA to a reference category. These models held time in all other PA 

variables constant, thereby depicting the accumulation of intensity- and type-specific PA 

as that above sedentary time, independent of the other types of activity and 

confounders.  

 

Results 

Study Population. Of the 67 participants to fill out the NACES survey between 

July 2013 and September 2014, subjects without valid PA data (n=2), unable to confirm 

a cancer diagnosis (n=8), or missing HQOL data (n=2) were excluded from the analysis.  

The final analytic sample consisted of 55 subjects, 40% of whom were breast cancer 

survivors, 87% female, 68.5% between ages 55-74, and 91.8% being diagnosed within 

one year of completing the survey.   

The majority of NA cancer survivors (n=33; 60%) accumulated enough MVPA to 

meet current PA guidelines.  On average, survivors participated in 2,015 (783 - 3,483) 

MET-min/wk (median (IQR)) of total PA. When PA was categorized by level of intensity, 

survivors accumulated 204 (0 – 663) MET-min/wk of vigorous-intensity PA, 721 (270 - 

1,668) MET-min/wk of moderate-intensity PA, and 692 (324 - 1,434 ) MET-min/wk of  

light-intensity PA.  The total mod-vig intensity PA was 1,242 (300 - 2,856) MET-min/wk.  

Regarding the type of PA, NA cancer survivors participated in 735 (312-1,242) MET-

min/wk of non-exercise PA and 608 (219 - 1,493) MET-min/wk of planned exercise.  

When dichotomized by PA considered NA-specific activities, survivors spent 135 (0 - 
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662) MET-min/wk participating in NA-specific PA and 1,104 (609 - 2,168) MET-min/wk 

in non-native specific PA.  Sample characteristics by level of PA are shown in Table 1.  

With the exception of tribal region and ever having lived on a reservation, descriptive 

statistics did not materially differ by level of PA.   Of all activities queried, walking was 

the most common PA (91% participated), followed by light- (87%) and moderate- (53%) 

intensity housework.  Participation in the various physical activities queried is depicted 

in Figure 1.   

When examining the domains of HQOL by level of activity in participants (Table 

2), meeting the PA guidelines was not significantly associated with any improved 

subscale scores after adjusting for age, sex, and region in this sample, with the 

exception of physical function. Further examination of the role of intensity and type of 

PA suggested that neither pain, fatigue, sleep health, sexual function in males, nor 

social HQOL constructs were associated with accumulation of any level of intensity or 

type of PA (all p>0.05; data not shown); however, there were relationships with other 

HQOL constructs that were statistically significant.   Vigorous-intensity PA was 

negatively associated with cognition (p=0.04). Compared to those with no vigorous 

activity, the cognition of those with 250, 600, and 800 MET-min/wk (corresponding to 

quartile midpoints) was 0.13 ±0.05 (SE), 0.30 ±0.12, and 0.39 ±0.16 points lower, 

respectively. Moderate-intensity PA was associated with higher sexual functioning in 

females (p=0.03) and higher physical function overall (p=0.02) (the latter results shown 

in Figure 2). Females with 150, 500, 1,200, and1,700 MET-min/wk of moderate-intensity 

PA vs. 0 moderate-intensity PA MET-min/wk scored 0.04 ± 0.02, 0.11 ± 0.07, 0.20 ± 
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0.13, 0.28 ±0.21 higher on the sexual functioning measure, respectively.  Participating 

in greater amounts of light-intensity PA was not associated with any HQOL outcome.   

When PA was dichotomized by type (NA-specific activities and non-native 

specific PA), non-native specific PA was associated with physical function (Figure 2), 

though NA-specific PA was not associated with any outcome (all p> 0.05; data not 

shown).  Further analysis of type of PA showed that when dichotomized by non-

exercise PA and planned exercise, performing planned exercise was negatively 

associated with spiritual HQOL (p<0.01; 500, 1,000, and 2500 MET-mn/wk vs.100 MET-

mn/wk= -0.06 ±0.03, -0.12 ±0.07, -0.33 ±0.19, respectively), negatively associated with 

emotional HQOL p=0.03; 500, 1,000, and 2500 MET-mn/wk vs.100 MET-mn/wk= -0.06 

±0.06, -0.13 ±0.14, -0.33 ±0.37, respectively), and positively associated with physical 

function (Figure 2), while performing non-exercise PA was associated with spiritual 

(500, 1,000, and 2500 MET-mn/wk vs. 200 MET-mn/wk=-0.03 ±0.02, -0.07 ±.06, -0.13 

±0.14, respectively) and emotional HQOL (p=0.03; 500, 1,000, and 2500 MET-mn/wk 

vs. 200 MET-mn/wk=-0.07 ±0.05, -0.17 ±0.11, -0.35 ±0.28, respectively).  

 
Discussion 
 
 This is the first study to evaluate PA behaviors in a group of NA cancer survivors.  

In this nationally represented sample of NA cancer survivors of all types, our 

observations suggest that the majority (60%) of these individuals are meeting the 

recommended amount of PA.  Compared with previous population studies using 

subjective measures to quantify PA, these findings suggest a greater number of NA 

cancer survivors meet the PA guidelines than that of the general population 35 36, 37.   

While most data from population-based surveys conclude that around 39% of US adults 
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meet PA guidelines 35 36, 37, studies using BRFSS and NHANES data have reported this 

percentage to be as high as 49% and 51%, respectively 37 38.  Our findings also suggest 

that a greater percentage of NA cancer survivors in this sample meet PA guidelines 

than other cancer survivors 39 40 41 42 43.  A population-based study by Bellizzi et al 43 

examining PA in over 7,000 cancer survivors of all types found that 30% of survivors 

queried were meeting recommendations, and a study by Stevinson et al 41 evaluating 

self-reported PA in 359 women diagnosed with ovarian cancer found that 31% of 

participants met PA guidelines.  While there have been few studies looking specifically 

at NA PA behaviors 44 45 46 47 48 37, findings are mixed.  Schoenborn et al 44 suggest that 

27% of NA do not meet PA guidelines while a study conducted by Storti et al 46 using 

pedometers to objectively measure step counts suggest that a “large proportion” of their 

sample is not meeting PA recommendations.  Further, Eyler et al 47 found that 78% of 

NA participated in “Lifestyle activity” (defined as accumulating 300 min of combined 

exercises, sports, physically active hobbies, vigorous household chores, or occupational 

physical activity per week).  One study, however, reported similar percentages of the 

NA population meeting the PA recommendations as that of our study 48.  Data from the 

EARTH study 48, which also used self-reported PA measures that queried both typical 

PA and NA-specific PA, suggest 48% of NA met PA guidelines, though that number 

climbs to 56% when looking specifically at males.  The inconsistencies in NA PA data 

across studies likely stem from the difference in PA measures used, as the 

measurement tools varied greatly between studies.  Further, regional and tribal 

differences, while accounted for in some studies, could also potentially add to the 

discrepancies noted.  Finally, our sample had a very high rate of individuals with a 
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greater than high school education (85%) as compared to typical NA samples (14%) 49.  

As PA is often found to be higher in more educated individuals with higher SES 50, 51, it 

is likely that we received responses from survivors who do more PA than that of the 

typical NA cancer survivor. 

 While the high percentage of this sample meeting PA guidelines is possible, our 

results may also stem from over reporting.  Self-reported PA has been shown to be 

overestimated, especially in sedentary individuals 52.  Previous work estimating the 

percentage of adults meeting PA guidelines using both objective and subjective 

measures have found large discrepancies between the two 38.  Using NHANES data 

from 2003-2004, Troiano et al found that the percentage of US adults meeting 

guidelines according to data collected from objective measures of PA to be less than 

5%, whereas the percentage when using subjective measures (including transportation 

PA and household activities) was 51% 38.  It is important to note, however, that if the 

potential over-reporting in our study is consistent across levels of PA, it should not affect 

our ability to compare across intensities and types of PA.   

When further describing PA behavior performed by this sample by intensity, we 

found that these survivors accumulated more PA in the moderate- to vigorous- intensity 

category (1,242 (300 – 2856) MET-min/wk) than the light intensity category (691.4 (324 

– 1434) MET-min/wk).  This is likely due to the number of MVPA activities surveyed 

(n=27) vs. light-intensity activities (n=9).  When categorizing PA by type, we found that 

the most common PA participated in was walking, followed by light- and moderate- 

intensity housework. Further investigation of type of activity revealed that this sample 

tended to participate in more non-NA specific PA than in NA-specific PA, though again, 
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this is likely due to walking being the most reported PA in this group.   While walking is 

consistently noted as the most common activity performed in the general population, 

housework is not traditionally seen at the top of the list 53; yet, other work evaluating PA 

in the NA community have found similar results 48, 54.  Duncan et al 48, who also found 

that the majority of time NA were physically active was in the “household” category, 

noted that this may be due to levels of poverty and unemployment, education, and other 

characteristics common to many NA communities, as these demographic variables 

have previously been linked to decreased leisure –time PA 55.  Other living-conditions 

associated with NA could perhaps necessitate a need for the increased housework 

noted in this study.  These findings are important, as they bring insight on how to 

potentially best tailor future PA interventions to this community.  

Meeting PA guidelines was typically not associated with better HQOL in this 

sample. As noted above, we did, however, find a positive relationship between PA and 

physical function, as meeting PA recommendations was associated with an increase in 

physical function scores by 0.80 points (Figure 2).  This is similar to other work, as PA 

has consistently been associated with physical function in many populations 56, 57, 

including cancer survivors 22 58 59.  This finding is important in that, while cancer 

survivors may suffer losses in all health domains, their losses are typically the most 

profound in the area of physical functioning 60.  Cancer survivors have a two-fold risk of 

physical function limitations as compared to their general population counterparts 60, 

suggesting that PA may be an appropriate modality in mediating functional declines in 

this group. 
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As the relationship between meeting PA guidelines and physical function was the 

only significant HQOL outcome of all constructs queried, the current findings are at odds 

with previous investigations into this relationship in other cancer survivor populations.  

While this is the first study to evaluate the relationship between PA and HQOL in a 

sample of NA cancer survivors, PA has traditionally been shown to be positively related 

to HQOL in the survivorship phase of the cancer experience 61 62 63-66.  However, when 

evaluating PA and HQOL specifically in NA, the findings, while limited, are less 

consistent.  Poltavski et al 67 surveyed 404 NA using the 2003 version of the BRFSS 

and found that meeting PA recommendations was significantly associated with better 

overall health, fewer mentally unhealthy and activity limitation days and a greater 

number of good health days.  In another study evaluating  PA levels and HQOL in NA 

elders68,  researchers found that only two of the eight subscale scores of the SF-36 

(bodily pain and vitality) were significantly related to higher PA.  As these 

inconsistencies regarding HQOL in NA can add perspective to our findings, there are 

other possible interpretations for the lack of associations found in this sample.  The 

potential over reporting by this group could have resulted in misclassification of 

individuals, thereby inflating the number of individuals meeting PA guidelines, thus 

weakening potential associations.  Further, the relatively small sample size used in this 

study (n=55) could also have been responsible for the inconsistencies of our findings.    

When evaluating intensity- or type-specific PA with HQOL, very few relationships 

were determined to be significant (Appendix A).   In the instances where a significant 

relationship was found, the magnitude of the association did not appear to be 

meaningful, or in some cases the association was negative, as in the case of sexual 
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functioning and cognition.  In these latter instances though, the magnitude of the 

differences was small, and not clinically relevant.  However, we again found meaningful, 

positive relationships between PA and physical function.  In all analyses where the 

relationship between PA and physical function was significant (moderate-intensity PA, 

planned exercise, and non-native specific PA), moving from the referent group to the 

highest participation group was associated with an increase in physical function scores 

by ~1 point (Figure 2).  The consistency among these analyses adds credence to the 

suggestion that PA participation may play a role in lessening the functional declines 

often observed in this population. 

This study has many inherent strengths, including the novelty of being the first 

study to both explore PA behaviors in NA cancer survivors, and to evaluate the 

relationship between PA and HQOL in this population.  Our analysis benefited from 

using a measure that queried both PA and HQOL constructs that were specific to NA, 

allowing for a much better idea of the paradigms in this culture.  Further, this tool 

surveyed not only leisure-time PA, but household, occupational, and transportation-

based PA.  This information can be used to design future PA interventions specific to 

this population.  Finally, this sample was a nationally represented sample of NA. 

As in other studies, this work also has many limitations to consider.  The cross-

sectional analysis used here, while an appropriate first step in evaluating these 

associations in this population, is unable to establish causation. It is possible that those 

who had a higher HQOL (in this case, physical function) were more likely to participate 

in PA, rather than PA resulting in higher HQOL.  As a further consequence of this study 

design, this work utilizes a convenience sample of participants.  Our sampling 
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procedure could lead to selection bias, as only those who have access to the internet 

and found, or were directed to, the NACES website completed the survey.  It is possible 

that these individuals may be different from individuals without internet access, including 

having a higher socioeconomic status (SES) and being more educated, and as pointed 

out previously our sample had higher levels of education than population-based studies 

would suggest.  As such, conclusions regarding PA in the larger NA cancer survivor 

population must be tempered.  This study was also limited by the fact that all PA data 

collected was from self-reported measures.  Self-reported data are often subject to 

measurement error, which can lead to bias and spurious findings.  Further, our measure 

of PA has not yet been validated for use.  Utilizing non-validated measures can call 

estimations into question; however, as there are no instruments that have been 

validated for use in this population, and our tool was based on previously validated 

measures, including the Modifiable Activity Questionnaire (MAQ)/Pima Indian 

Questionnaire 33, we felt its use to be appropriate in this setting.  Additionally we thought 

it was most important to evaluate culturally- relevant PA in this population.  Validity 

could also be a concern for our measure of HQOL.  This tool, while made up of many 

previously validated measures, has also not been validated for use. The fact that it is a 

unique tool makes comparisons across studies difficult.  However, use of this measure 

brings additional insight into an already under-studied population, as it provides 

culturally relevant information specific to the HQOL of NA.  Finally, our relatively small 

sample size (n=55) likely hindered our ability to further elucidate the relationship 

between PA and HQOL. Continued studies into this population with larger sample sizes 

will help to mitigate this limitation. 
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In conclusion, this study has shown that a large percentage of NA cancer 

survivors are sufficiently active enough to meet PA guidelines, though over-reporting is 

possible.  Of the typical PA participated in by these survivors, walking and housework 

are the most common activities.  This group also tended to participate more in non-NA 

specific PA than in traditional NA-specific PA. This information should be considered 

when designing future interventions for this population. This study did not find a 

relationship between meeting PA guidelines and HQOL.  Further, while physical 

function scores were associated with greater amounts of PA of varying intensities and 

types, our sample size was too small to rule out an association between PA and fatigue, 

sexual function in males, and social QOL. Despite the limited findings presented, this 

work is a necessary first step in our understanding of the NA cancer survivor in relation 

to their PA patterns and its association with HQOL.  Further research in this area is 

warranted, as additional work is needed to close the gap in the health disparities seen 

between NA and other communities.   
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Table 1: Characteristics of Native American Cancer Survivors by Level of  

Physical Activity  
 Met Physical Activity 

Recommendations 

 

 No 

(n=22) 

Yes 

(n=33) 

p-value 

Characteristic    

Age Range¥   0.58 

26-35 0 2  

36-45 1 2  

46-55 3 4  

56-65 6 15  

66-75 8 8  

76-85 3 2  

Cancer Type ¤   0.65 

Breast 8 14  

Colon  4 1  

Lung 2 1  

Ovary 1 0  

Cervix 4 7  

Prostate 1 1  

gallbladder 0 1  

other 11 5  

Time since dx (years) ¥   0.77 

< 1 year 18 27  

1-4 years 0 2  

>5 years 1 1  

Age at time of dx (years) ¥   0.45 

21-30 1 5  

31-40 2 4  

41-50 7 6  

51-60 5 12  

61-70 6 5  

71+ 0 1  

Sex (number of females) 18 30 0.42 

Blood Quantum  ¥ 

(% with):    

  0.09 

Less than 25% 0 1  

25%-49% 1 8  

50%-74% 2 4  

75%-99% 3 5  

100% 14 9  

Tribe/Region: ¥   0.03 

NE 1 0  

Northern Plains 13 10  

Southern Plains 3 15  

SE 2 7  

SW 3 0  

Categorical variables compared between categories by chi-square, continuous  

variables compared using ANOVA, or Fisher’s exact test was used due to cell size.  

Tx=treatment; Blood Quantum=percent of NA ancestry for an individual. 

 ¤ Some individuals reported more than one cancer  ¥ Subjects missing from  

analysis: Age range (n=1); Time since dx (n=6); Age at dx (n=1);  

Blood Quantum (n=8); Tribe/Region (n=1). 
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Table 1continued: Characteristics of Native American Cancer Survivors by Level of  

Physical Activity  
 Met Physical Activity 

Recommendations 

 

 No 

(n=22 ) 

Yes 

(n=33) 

p-value 

Characteristic    

Reservation  ¥    

Ever 12 9 0.04 

Never 9 24  

    

Current 2 5 0.48 

Current smoker  4 5 0.15 

Treatment   0.28 

Currently receiving tx 3 1  

Previously received tx 17 30  

Never/yet to receive tx 2 2  

    

Used Traditional tx  9 8 0.23 

Education 

  

  0.13 

<High School 0 2  

High School 0 3  

>High School 22 28  

Television viewing time  ¥   0.15 

<1 hours 4 3  

1-4.5 hours 7 20  

5-8.5 hours 4 7  

>9 hours 5 2  

Categorical variables compared between categories by chi-square, continuous 

variables compared using ANOVA, or Fisher’s exact test was used due to cell size.  

Tx=treatment; Blood Quantum=percent of NA ancestry for an individual.  
¥ Subjects missing from analysis: Reservation-ever (n=1); Television viewing  

time (n=2). 
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Table 2: Physical Activity and Health-related Quality of Life (mean ± SE). 

HQOL Construct Did not meet PA 

recommendations 

(n=22) 

Met PA 

recommendations 

(n=33) 

p-value  

Physical Function 3.00 (±0.23) 3.79 (±0.26) p=<0.01 

    

Pain 2.80 (±0.33) 2.42 (±0.39) P=0.30 

    

Fatigue 3.28 (±0.27) 2.94 (±0.30) p=0.23 

    

Sleep Health 1.76 (±0.18) 1.78 (±0.20) p=0.94 

    

Sexual Function (male) 1.12 (±0.16) 1.37 (±0.18) p=0.15 

    

Sexual Function (female) 1.31 (±0.21) 1.68 (±0.24) p=0.11 

    

Cognition  2.28 (±0.22) 2.13 (±0.24) p=0.54 

    

Social QOL 2.98 (±0.26) 3.30 (±0.29) p=0.24 

    

Spiritual QOL 0.69 (±0.09) 0.64 (±0.11) p=0.66 

    

Emotional QOL 1.57 (±0.19) 1.47 (±0.21) p=0.59 
    

ANCOVA with adjustment for age, sex, and region. 
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Figure 1: Percentage of sample reporting participation in various physical activities (separated by 

level of intensity). 
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Figure 2: Difference in physical function scores when moving from the referent group to greater 

participation group.  Multiple Linear Regression with adjustment for age, sex, and region. 

Moderate- intensity PA was also adjusted for light- and vigorous-intensity PA; non-NA PA was 

also adjusted for NA-specific PA; planned exercise was also adjusted for light intensity PA.  

Mod MET-mn/wk Q1:0 vs 500; Q2: 0 vs 1000; Q3: 0 vs 1700.  Non-traditional MET-mn/wk 

Q1:300 v 750; Q2 300 vs 1500; Q3 300 vs 2500.  Planned Exercise MET-mn/wk Q1:100 v 500; 

Q2 100 vs 1000; Q3 100 vs 2500.   
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Abstract 

 

Purpose: To determine the feasibility and effects of an exercise intervention on biomarkers of 

prognosis, HQOL, and exercise capacity in lung cancer survivors. 

Methods: Participants were recruited over 13 months for this eight-week intervention. Subjects 

were randomized to usual care or an intervention consisting of supervised exercise training two 

days per week in-clinic and a prescription for at-home exercise three days per week, totaling 

150 min/wk of moderate-intensity PA.  Exercise capacity (LDCW), health-related quality of life 

(FACT-L), and serum levels of inflammatory biomarkers (IL-6, IL-8, IL-10, TNF-α, and hs-CRP) 

and oxidative stress (8-OHdG) were measured pre- and post-intervention.   Descriptive statistics 

and effect sizes (Cohen’s d ) were calculated . 

Results:  Of all eligible subjects (n=191), less than 7% agreed to participate, leaving a final 

analytic sample of 11 survivors (n=5 treatment; n=6 control) with a mean age of 63 (±7.3) years, 

64% of which were female, 91% white, and 100% diagnosed with non-small cell lung cancer.  

Those randomized to the exercise arm more frequently had Stage IV cancer (80% vs. 17% in 

controls) and were currently receiving cancer treatment (60% vs. 0%).  Both the retention and 

adherence rate in our exercise group was 83%.  Negative effects of our treatment were 

observed in some outcomes (IL-8, IL-10, 8-OHdG, FACT-L), though hs-CRP was lowered (d=   

-0.66) and exercise capacity was maintained. 

Conclusions: For individuals interested in and well enough to participate, exercise training 

appears to be safe and feasible. The majority of our sample was compliant with the intervention, 

though our small sample size did not allow for a thorough evaluation of the effectiveness of this 

intervention as it relates to biomarkers of prognosis, HQOL, and exercise capacity. 
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Lung cancer remains a major health concern in the United States (US).  Lung 

and bronchial cancers are the second most commonly diagnosed type of cancer (not 

including non-melanoma skin cancer), with about 221,200 expected new cases of lung 

cancer in the year 2015 1.  Approximately 7% of all men and women in the US will be 

diagnosed with lung and bronchus cancer at some point in their lifetime 1.  

Unfortunately, prognosis of the lung cancer patient is generally quite poor.  Lung cancer 

continues to be the leading cause of cancer deaths in the US for both men and women, 

expected to account for 27% of all cancer deaths in 2015 1.  More people die from lung 

cancer each year than from colon, breast, and prostate cancers combined.  Over half of 

those diagnosed with lung cancer die within the first year of being diagnosed 1.  The 

five-year survival rate for lung cancer (17%) is lower than many of the other leading 

cancer sites, such as breast (90%), colon & rectum (65%), and prostate (99%) 1, 2.    

Despite these staggering mortality statistics, there are a considerable number of 

lung cancer survivors. Nearly 400,000 people alive today have been diagnosed with 

lung cancer at some point  and mortality rates have declined over the last ten years by 

roughly 1.7% 1.  Yet, while these improvements in survival are welcomed, a lung cancer 

diagnosis and its associated treatments can create substantial challenges for the 

survivor, leading to significant impacts on health-related quality of life (HQOL) 3.  A 

significant proportion of lung cancer survivors face serious physical and functional 

declines 4, and may be severely incapacitated by disease-related symptoms such as 

chest pain, persistent cough, voice change, recurring pneumonia or bronchitis, 

hemoptysis and dyspnea 5.  Detriments in mental health are also common and 

persistent in lung cancer patients, especially those with more severe symptoms or 
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functional limitations 6.  Lung cancer survivors can experience heightened levels of 

fatigue, pain, disturbed sleep, lack of appetite and drowsiness 7-11.  As a consequence 

of these health challenges, HQOL may be diminished in this population.   

Due to the great burden of disease experienced by lung cancer survivors, new 

therapies are required.  These treatments should work to improve prognosis and HQOL 

while complimenting current management of lung cancer.  Physical activity (PA) 

remains an attractive modality due to its improvement of physical and mental health 

outcomes in many different populations, including cancer survivors 12 13 14, as well as its 

potential to improve prognosis in these survivors 15. Some of the hypothesized 

mechanisms through which PA may be beneficial in lung cancer include a reduction in 

inflammation, which is considered to play a role in pathogenesis 16-18, and lower levels 

of oxidative DNA damage 19, which may play a major role in carcinogenesis 20.  Further, 

as lung-based tumors are thought to disrupt gas exchange 25, potentially resulting in 

increased dyspnea, fatigue, muscle wasting, anemia, and weight loss, which can all 

lead to decreased exercise tolerance, recent reports suggest that exercise capacity is a 

strong independent predictor of overall long-term survival for lung cancer patients 21-24.  

Despite the potential benefits of PA in this particular population, there has been little 

work to evaluate these relationships specifically in lung cancer survivors 26-31, and to 

date, there have been very few well-controlled trials that have examined the effect of PA 

in this disease 32-34. As such, we conducted a randomized control trial to determine how 

an exercise intervention alters biomarkers of prognosis, HQOL, and exercise capacity, 

as well as the feasibility of such a program, in this population. 
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Methods 

Overview & Study Design- This pilot study utilized an experimental design to 

determine the effects of an 8-week exercise intervention, consisting of both aerobic and 

resistance training, in lung cancer patients.  Subjects were randomized to the exercise 

training intervention or to usual care. 

 Subjects- Lung cancer survivors were recruited for participation from the 

University of Wisconsin-Madison Hospital System from January 2014 – February 2015.  

Subjects meeting eligibility criteria, which included being at least eighteen years of age, 

a confirmed diagnosis of any stage lung cancer (non-small cell or small cell lung 

cancers), and the ability to understand and read English sufficiently to complete 

informed consent and the study questionnaires, were identified by their primary 

oncologists, given an informational flyer, and referred to the study staff via a permission 

to contact form. Subjects receiving any type of treatment (chemotherapy, radiation 

therapy, both or neither), curative or non-curative, were also eligible.  Patients treated 

with curative intent, and who had not relapsed, must have been within one year of their 

diagnosis of lung cancer as determined by date of diagnostic pathology sample. 

Subjects were also screened for exclusion criteria, which included symptomatic heart 

disease, congestive heart failure or arrhythmia, documented myocardial infarction in the 

last three months, central nervous system metastases that result in impaired ability to 

participate in an exercise program at the discretion of the study physician, any 

psychological or physical disease that would impair or prevent participation in an 

exercise program at the discretion of the study physician, cognitive or reading 

impairments that would preclude them from completing questionnaires, or current 
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participation in an exercise program.  Those potential participants determined to be 

eligible by study staff received a phone call from research personnel and were given 

more information about the study.  

 As one previous study found that the at-home component of their combined at-

home/clinic exercise intervention had low adherence 27, subjects were asked to identify 

a support person to participate in the study with them, such that if the survivor was 

randomized to the exercise treatment, it could potentially  increase patient adherence. 

This support person could be of any relation to the patient.  Should a patient be unable 

to identify a support person to participate with them, they were still able to participate. 

 Protocol- After the initial screening phone call, interested and eligible subjects 

were enrolled at the University of Wisconsin Hospital-Madison during a pre-intervention 

visit.  Once consented, health information was extracted from patients’ medical records, 

including past medical history, disease stage, treatment information, and medications.  

All subjects provided additional information on their age, race, ethnicity, and education.  

Height, weight and body fat percentage (via bioelectrical impedance) was directly 

measured by research staff in all subjects and typical daily PA levels were measured by 

the International Physical Activity Questionnaire-Long Form (IPAQ), a reliable and valid 

questionnaire frequently used to measure PA 35.  During this pre-intervention visit, 

subjects also completed tests to evaluate their exercise capacity and HQOL, and blood 

was drawn for the measurement of specific biomarkers of interest.  Subjects were 

instructed to refrain from exercise for eight hours prior to testing, consume no alcohol 

twelve hours prior, and not to use NSAIDs for twenty-four hours prior to testing.  

Subjects were rescheduled if they had been diagnosed with an upper respiratory 
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infection due to the effect it may have on inflammatory markers. All outcome measures 

were repeated at the post-intervention visit.   

 

Study Procedures/Measures 

Randomization- Participants were stratified by both treatment (active treatment 

versus non-active treatment) and stage (Stage I, Stage II, and surgical Stage III versus 

non-surgical Stage III and Stage IV).  Block randomization was then used to assign 

subjects to the exercise intervention (treatment arm) or usual care (control arm) using a 

computer-generated random assignment. Once generated, the allocation sequence 

assignments were placed into envelopes by a research assistant, such that the 

research coordinator was blind to the assignments.  Subjects were assigned their 

respective participation groups following the pre-testing session.  To improve retention 

of subjects in the control group, these individuals were offered an exercise consultation 

from a trained exercise physiologist after post-testing was completed.  

 Intervention- The exercise intervention was designed to be consistent with the 

PA recommendations for cancer survivors as suggested by the American College of 

Sports Medicine 36, 37.  The intervention consisted of supervised exercise training two 

days per week at the clinic and a prescription for at-home exercise three days per week. 

Each exercise session was composed of an aerobic training component and a 

resistance training component.  At the initial visit, individual consultations with the 

exercise specialist were used to tailor the intervention exercises to the subject. In total, 

aerobic training was done five days per week, including the two days at the clinic. 

Resistance training was done two days per week at the clinic visits unless subjects were 
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absent from clinic visits, in which case subjects were instructed to complete at home. 

Activity logs were used by subjects to record their weekly exercise and, along with 

attendance at in-clinic sessions, were used to measure program adherence. 

Aerobic Training – Subjects had their choice of walking, stationary cycling, or a 

series of aerobic exercise videos designed for older adults as their mode of aerobic 

exercise during the aerobic component of their intervention; however, all subjects chose 

walking as their preferred method of activity.  When necessary, subjects progressed 

from a minimum of 10 minutes/session of aerobic activity to the prescribed 30 

minutes/session. The Borg Rating of Perceived Exertion Scale 38 (RPE) was used to 

judge intensity. Participants were instructed to work at a rating of 12-16 (the ‘somewhat 

hard’ to ‘hard’ range).  RPE was systematically collected throughout the exercise 

session to assure participants were exercising at the appropriate intensity.  A five 

minute warm-up period and five minute-cool down period were used each session. 

Resistance Training- Resistance bands were used for the strength training 

portion of the intervention. The following exercises were used, as this particular set of 

exercises was designed to hit all major muscle groups: chest press, seated row, upright 

row, triceps extension, bicep curls, squats, shoulder press, and calf raises. All exercises 

were done in two sets of 10 repetitions each.  If 10 repetitions became easy to perform, 

resistance was added by advancing through the different bands. 

Biomarkers: Inflammation and Oxidative Stress- Serum levels of pro-

inflammatory cytokines (interleukin (IL)-6, IL-8 and tumor necrosis factor-alpha (TNF-α) 

18, as well as IL-10, an anti-inflammatory cytokine, were measured.  Serum levels of 

high sensitivity-CRP (hs-CRP), a liver-derived protein that is reflective of systemic 
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inflammation 39 and of 8-OHdG, a marker of oxidative stress that has been linked to 

cancer risk and, potentially, prognosis 40, were also measured.  Peripheral blood 

samples (~10ml) were drawn at both the pre-intervention visit and post-intervention visit 

prior to exercise capacity testing.  Following clotting, samples were centrifuged and 

serum was aliquoted into separate polyvials.   Processed samples were stored at –70oC 

until assayed.  All biomarkers were measured in serum.  We used an 

electrochemiluminescence platform, multi-cytokine array (V-PLEX, Rockville, Maryland) 

for IL-6, IL-8, IL-10,and TNF-α, and an enzyme-linked immunosorbent assay kit (ELISA) 

(Cayman Chemical, Ann Arbor, MI) for 8-OHdG.  To measure hs-CRP, an 

immunonephelometric method was used (BN II, Siemens Healthcare, USA). 

 HQOL- The FACT-L (Functional Assessment of Cancer Therapy-Lung) is a 44-

item self-administered instrument which measures multidimensional HQOL specific to 

lung cancer survivors 41. The items queried span five domains: physical, social/family, 

emotional, and functional well-being, along with a lung cancer-specific subscale measuring 

symptoms, cognitive function, and regret of smoking. Each of these subscales are scored on 

a five-point scale from zero (described as “not at all”) to four (described as “very much”).  

Subscale scores are then added to obtain a total score.  The FACT-L has been shown to 

be both reliable and valid for use in this population 41.  

 Exercise Capacity- The Long Distance Corridor Walk (LDCW) is a two part test 

used to measure exercise capacity 42.  It consists of a self-paced two-minute walk, 

followed by a timed 400-m walk.  Participants first completed the two-minute walk with 

the goal to cover as much ground as possible. After a one minute break, participants 

completed the 400-m walk. The goal for this test is to complete the walk in the shortest 
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amount of time. This test, typically reported as meters walked per second, has been 

shown to be a valid and reliable performance-based measure of exercise capacity in 

both middle-aged and older adults 43.   

 Analysis- Analyses were conducted using SPSS statistical software version 20 

(IBM Corp.). Descriptive statistics were calculated and compared between the two 

groups (treatment vs. usual care) at baseline.  Power was calculated for a two-way 

analysis of variance using hs-CRP as the primary dependent variable of interest with an 

overall Type I error rate of 5%, and 80% power. Using the exercise study by Hwang et 

al 44, we determined that 54 total subjects would be necessary to detect a significant 

difference in hs-CRP between the two groups of lung cancer patients based on a mean 

difference of 6 pg/mL and a standard deviation of 7.7.  As our enrollment for this study 

was quite low, we were under-powered to run this analysis. Therefore, means and 

standard deviations (SD) for the pre- and post-tests for each treatment group were 

reported for each dependent variable (inflammatory markers, 8-OHdG, FACT-L, gate 

speed on LDCW test). To assess the effect of the treatment, effect sizes (ES) for these 

analyses were calculated using Cohen’s d with correction for positive bias 45. Cohen's d 

is a standardized measure of ES and provides information on the amount of change 

from pre-test to post-test between treatment groups relative to the variation within the 

measure.   

 

Results 

Study Population- Initially, 282 participants were identified by University of 

Wisconsin-Madison oncologists for potential participation in this study.  Of those who 
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were eligible (n=191), 36 signed permission to contact forms (18.8%).  After being 

contacted by research staff for further information, 19 declined participation and 4 

additional participants were determined to be ineligible for participation, leaving a total 

of 13 lung cancer survivors consented.  A flow chart of recruitment is shown in Figure 1.  

Of the 13 participants randomized, two subjects were unable to complete post-testing. 

One subject was too ill to continue and one subject didn’t respond to contact from study 

staff regarding post-testing, leaving a final analytic sample of 11 survivors (n=5 

treatment; n=6 control).  The mean age (±SD) of participants at baseline was 63.0 

(±7.3) years, 63.6% of which were female, and 90.9% identifying as white. All survivors 

in our analytic sample were diagnosed with non-small cell lung cancer (NSCLC). Nearly 

half of those (n=5) had stage IV cancer, with the majority of subjects (72.7%) not 

receiving cancer treatment at time of enrollment. Baseline PA levels, as indicated by 

IPAQ scores, were 3810 (426-6465) MET-min/wk (median (IQR)).  Of the 11 survivors 

participating in the study, eight were able to identify a support person to complete the 

study with them.  Sample characteristics by treatment group are shown in Table 1.  

Individuals in the treatment group tended to be female, currently receiving treatment, 

diagnosed with stage IV cancer, more educated, and had fewer comorbidities. 

Program Adherence- The overall retention rate in our exercise intervention arm 

was 83%, as one participant opted to withdraw due to feeling too ill to continue.  With 

regards to adherence to the exercise treatment arm, participants completed 66 of 80 

potential in-clinic exercise sessions (83%).  As subjects were instructed to complete 

missed in-clinic visits at home, we found that, per PA logs completed by subjects, 80% 

(n=4) of subjects met the intervention goals of completing 150 minutes of moderate-
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intensity PA each week.  No injuries, falls, or adverse reactions of any kind were 

reported throughout the intervention. With regards to the control group, one subject was 

lost to follow up and did not complete post-testing. 

Biomarkers- Biomarker results for each treatment group are presented in Table 

2.  With regards to the change in scores between the two groups, the ES of the pro-

inflammatory cytokines were mixed.   We found no effect of the treatment for TNF-α (d= 

-0.04), a small, negative effect for IL-6 (d= -0.16), yet found a small, positive effect for 

IL-8 (d= 0.28).  We also observed a medium, negative effect of our treatment (d= -0.66) 

for hs-CRP.  Of note, as we would expect exercise to lower levels of these pro-

inflammatory cytokines and hs-CRP, a negative effect in this case is favorable. This 

holds true for our measure of oxidative stress, 8-OHdG, for which we observed a large, 

positive ES (d= 1.62), suggesting an adverse effect of our treatment. With regards to 

our anti-inflammatory marker, IL-10, we observed a large, negative effect (d= -2.0). 

Here, as we would expect an exercise program to increase anti-inflammatory effects, it 

is suggestive of an adverse response to treatment. 

HQOL- When evaluating HQOL using the FACT-L, subjects randomized to the 

control group had a mean score of 105.3 (± 8.6) on the pre-test and 108.2 (± 8.0) on the 

post-test.  The treatment group scored, on average, 106.2 (± 13.3) on the pre-test and 

100.8 (± 13.4) on the post-test.  The ES regarding the change in score between the two 

groups (d= -0.88) suggests a large, negative effect of our treatment.  

Mean scores (± SD) on each of the five subscales of the FACT-L are presented 

in Table 3.  All subscale scores, with the exception of physical well-being, improved 

from pre-test to post-test in the control group, whereas the only improvements in the 
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treatment group were on the physical well-being and the functional well-being 

subscales.   

Exercise Capacity- With regards to exercise capacity, we found that subjects in 

both groups improved their LDCW scores over time.  The control group walked, on 

average, at a pace of 1.23 (± 0.15) m/sec on the pre-test and 1.48 (± 0.15) m/sec on the 

post-test, while the treatment group walked at a pace of 1.28 (± 0.23) m/sec and 1.32 (± 

0.14) m/sec, respectively (data not shown).  The ES between groups (d= -1.17) showed 

a large, negative effect, as the control group improved on the post-test to a much larger 

degree than that of the treatment group. 

 

Discussion 

This study, the first controlled trial to evaluate exercise and its relationship with 

biomarkers of prognosis in a group of lung cancer survivors, as well as one of the few 

controlled trials to evaluate HQOL and exercise capacity in this group, adds to the 

overall body of literature regarding the use of exercise as a therapeutic modality in 

cancer survivorship.  However, challenges in recruiting lung cancer survivors to 

participate in an exercise program greatly hindered our ability to evaluate true 

differences between our treatment and control groups.  Our low sample size (n=11) led 

to an unsuccessful randomization between groups, as participants in the treatment 

group were more likely to have late stage cancer (80% compared to just 17% in 

controls) and were more likely to be currently undergoing treatment (60% of subjects as 

compared to zero in controls).   While this low sample size also left us underpowered to 

statistically test our outcome measures, the information gleaned from this pilot study, 
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taken in context with previous work exploring PA in lung cancer survivors, provides 

valuable information about the feasibility and potential successes of this type of 

intervention.  

Similar to other studies 26-29, our enrollment rate is indicative of the distinct 

challenges associated with recruiting lung cancer survivors for participation in an 

exercise intervention. Less than 7% (n=13) of all eligible subjects assessed for 

participation (n=187) were willing to participate in this study.  Of those that were eligible 

and chose not to participate (n=155), almost half of these subjects (46%) considered 

themselves too ill to participate, 39% were not willing to travel to the clinic twice a week 

due to their geographic location, and 15% refused due to a lack of interest.  Previous 

work in recruiting lung cancer survivors for participation in an exercise intervention have 

found a much smaller percentage of their population eligible for study (10% 26, 27%  28, 

26% 27) when compared to our eligibility rate of 66%, though this is likely due to these 

studies including geographical location/inability to travel as part of their exclusion 

criteria.  As 50%-61% of those determined to be ineligible in those studies were due to 

geographic location, this is fairly similar to that of our population.  Our findings suggest 

that future studies may want to consider recruiting only those with earlier stage disease, 

while also attempting to limit the travel burden associated with participation.   

Interestingly, while we had substantial difficulty in recruiting participants for this 

study, the retention, adherence, compliance and safety rates suggest that the feasibility 

of this intervention, once enrolled, appears promising.  As noted in the results, we 

retained 83% of our study sample.  Further, adherence rates for the intervention were 

notable, as participants attended 83% of all in-clinic exercise sessions, with 80% 
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meeting the 150 min/wk PA goal.  These observations are quite consistent with the few 

comparable studies testing exercise interventions in lung cancer survivors 26-29.  In a 

study by Jones et al 28, using a single group design (n=19) to test the feasibility and 

safety of a 14-week supervised exercise intervention in a sample of lung cancer 

survivors, they observed a retention rate of 95% and a very similar adherence rate of 

85%. Another study utilizing a supervised exercise intervention in a sample of 23 late-

stage lung cancer survivors retained 79% of participants and found an overall 

adherence rate of 73% 27.  Peddle-McIntyre et al 26 evaluated the feasibility of a ten-

week resistance training program in lung cancer survivors (n=17).  Again, retention and 

adherence rates paralleled our study (88% and 82%, respectively).  Finally, in the most 

recent and largest study to date, Quist et al 29 utilized a six-week group exercise 

intervention to evaluate a series of HQOL outcomes.  While lower than ours, their 

observed rates of retention and adherence (62% and 68%, respectively) were found in a 

much larger sample (n=114) than all previous studies. Also of note, our study had no 

reported injuries or adverse events.  This was also true for three of the four previously 

reported studies 27-29, with one study 26 reporting three minor events that were all 

successfully resolved.   As such, our findings continue to suggest that an exercise 

intervention appears to be a safe and feasible option for lung cancer survivors. 

Unique to our study was our finding regarding at-home exercise program 

adherence.  In the only study discussed previously to utilize an at-home training 

component in their intervention, Quist et al suggest that home training may not be a 

valid option for this population, as only 2 of their 29 subjects performed any at-home 

training 27.  When participants in that study were queried as to the reason for the low 
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adherence, lack of self-discipline and doubts about exercise yielding any benefits were 

commonly given. Conversely, four of the five participants in our study completed the at-

home training portion of the intervention per instruction, while the individual that did not 

still completed ~80% of home-based exercise.  As most participants (n=4) were able to 

identify a support person to go through the exercise intervention with them, it is possible 

that the support person offered encouragement to combat the potential barriers 

observed in the Quist et al study. These findings suggest that having participants 

identify support persons to perform at-home exercise with may be necessary to improve 

at-home exercise adherence rates in lung cancer survivors.   

As we were unable to test the statistical significance of any intervention effects 

on our outcomes due to our sample size, we utilized ES to evaluate the potential effects 

in an appropriately powered study.  Although there were variable results, the ES 

calculated suggests that there are potential adverse effects of our treatment on specific 

biomarkers.  We saw a negligible or negative effect of our treatment in most 

inflammatory markers (IL-8, IL-10, and TNF-α), and in our marker of oxidative stress, 8-

OHdG.  While these findings are somewhat alarming, suggesting that our treatment 

generally worsened the majority of these objective outcomes in this population, this may 

be a function of our rather unsuccessful randomization.  The subjects in our treatment 

group had later stage disease and more of them were currently undergoing treatment 

than those in the control group.  Further, as 60% of our treatment group expired either 

during or shortly after the completion of this study, it is expected that their health was 

worse near the end of the study (post-test scores) as compared to that of the beginning 

of the study (pre-test scores).  Scores on the FACT-L lung cancer subscale (LCS), 
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which have been used as a stand-alone indicator of clinical status 41, add weight to this 

theory, as subjects in the control group increased LCS scores, on average, from pre-

test to post-test (1.1 points) whereas those in the treatment group had an average 

decrease in LCS scores (0.8 points).  Consequently, although we think our findings are 

the result of a sicker treatment group, it must also be considered that exercise was 

detrimental to health in this sample.   

In regards to our HQOL scores, we failed to see an improvement in FACT-L total 

scores from pre-test to post-test in our treatment group, which is similar to previous 

findings in studies evaluating exercise interventions in lung cancer survivors 26, 27, 29, 46. 

The emotional- and social well-being score was principally responsible for the drop in 

scores, as there was a 1.2 and 3.8 point decrease, respectively, between pre- and post-

testing, also similar to previous work 27-29, 46.  Of note, we observed higher scores on the 

FACT-L at baseline than that of other lung cancer survivors in previous studies.  In a 

study conducted by Iyer et al (2013), a nationwide cohort of 450 lung cancer survivors 

reported a mean FACT-L total score of 71.7, which is more than 30 points lower than 

the baseline scores for our sample (105.7 (± 10.4)).  Interestingly, as in our study, other 

studies evaluating exercise interventions and its effect on HQOL reported higher 

baseline FACT-L scores than that of the larger lung cancer survivor population, 

including pre-test scores of 91.7 (±16.7) 27, 94.9 (±12.6) 26, 97.0 (±23) 28, and 103.4 

(±14.9) 46. One of the possible reasons for the lack of improvement in HQOL over time 

could be due to these high baseline scores, which are suggestive of ceiling effects.  

While subjects reported a high overall HQOL, it should be noted that the mean scores 

on the (LCS) at both pre- and post-test time points (21.6 (±2.3), 21.8 (±4.2), 
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respectively) were below the cut point of 24, which is indicative of the presence of 

clinical symptoms 47. This suggests that, even while experiencing clinical symptoms and 

having a potentially poor prognosis, lung cancer survivors enrolling in an exercise 

program still report a relatively high HQOL.  

In regards to exercise capacity, we saw a large improvement in our controls 

(+0.25 m/sec) as compared to a small improvement in our treatment group (+0.04 

m/sec).  The improvement in our treatment group is fairly consistent with other exercise 

interventions used in this population.  Temel et al 46 found a non-statistically significant 

0.07 m/sec increase in gate speed from baseline to post-test, whereas Quist et al 27 

found a 0.10 m/sec increase. When explaining the larger improvement in the control 

group versus our treatment group, we can once more likely point to the difference in 

these groups at baseline.  In a 2009 study, Kasymjanova et al 48 found that lung cancer 

patients with advanced disease or receiving chemotherapy had significantly lowered 

exercise capacity.  Specifically, after just two cycles of chemotherapy, subjects walked, 

on average, 0.11 m/sec less than they did at baseline.  Jones et al 28 also reported a 

non-significant increase in exercise capacity (VO2 peak) in lung cancer survivors post 

exercise intervention, but found that those improvements were largely limited to those 

not currently receiving chemotherapy.  As such, our findings suggest that our 

intervention may have helped to maintain levels of functional capacity in these 

individuals dealing with the health challenges associated with ongoing treatment and 

late stage disease. 

There are a number of strengths and limitations to this pilot study that warrant 

discussion.  As lung cancer survivors are an understudied population with regards to 
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exercise, this work lends insight into the potential barriers of recruitment to, as well as 

the feasibility and safety of, an exercise intervention in this population.  While 

underpowered to detect significant differences, this study used a series of validated and 

reliable outcome measures which allow for comparisons with other work.  Our main 

limitation in this study was our small sample size.  As such, while randomized, our 

treatment groups were non-comparable at baseline and the study was underpowered to 

show statistical differences between groups, making interpretation of this data 

challenging.  More work with larger sample sizes is needed to elucidate true 

relationships between exercise and health outcomes, including markers of prognosis 

and HQOL.  Further, while our results point to the potential feasibility of an exercise 

intervention for use in this clinical population, it is important to note that the difficulty in 

recruitment, as well as the particular treatment being studied, suggests that selection 

bias is likely.  When considering the very low number of survivors that were successfully 

enrolled in this study, it presents a unique subgroup of lung cancer survivors that were 

both healthy enough and motivated to join and participate in an exercise program, such 

that this work may not be generalizable to the greater population of lung cancer 

survivors. As survivors were instructed to identify a support person to participate in the 

exercise program with them, it is possible that the success rate, as measured by 

adherence, was influenced by this support person.  Also, at-home adherence rates were 

measured by self-reported PA logs, potentially leading to potential measurement error. 

Finally, all exercise sessions were led by the researchers that conducted pre- and post-

testing, leading to the potential for investigator bias. 



135 
 

 

In conclusion, this pilot study found that recruitment of lung cancer survivors for 

an exercise intervention was challenging, suggesting that this type of intervention may 

not be palatable to those lung cancer survivors who consider themselves to be too sick 

or the travel burden to be too great.  However, in those individuals interested in exercise 

programming and considered well enough to participate in it, exercise training appears 

to be safe and feasible in this population.  The great majority of our sample was 

compliant with the intervention and was able to meet PA recommendations of 150 

minutes of moderate-intensity PA per week.  Both supervised in-clinic sessions, as well 

as at-home exercise, appear to be good options for survivors.  In particular, our at-home 

compliance, better than seen in previous work, suggests that having survivors identify a 

support person to exercise with may improve program adherence. Due to our small 

sample size, and the imbalance of disease severity and current treatment in our study 

arms, we were unable to thoroughly evaluate the effectiveness of this intervention as it 

relates to biomarkers of prognosis, HQOL, and exercise capacity.  Therefore, larger 

randomized trials focusing on testing the effectiveness of an exercise intervention on 

these same outcomes in lung cancer survivors is warranted. 
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Table 1: Characteristics of Lung Cancer Survivors (by group). 

Characteristic Total 

Sample 

(n=11) 

Control Group 

(n=6) 

Treatment Group 

(n=5) 

Age 63.0 (±7.3) 62.7 (±9.5) 63.3 (±5.7) 

Sex (percent female) 7 (63.6%) 3 (50%) 4 (80%) 

Cancer Stage    

I 2 (18.2%) 2 (33.3%) 0  

II 1 (9.1%) 1 (16.7%) 0  

III 3 (27.3%) 2 (33.3%) 1 (20%) 

IV 5 (45.5%) 1 (16.7%) 4 (80%) 

Current Cancer Treatment 

(percent yes) 

3 (27.3%) 0 3 (60%) 

Number of Current 

Medications  

   

0 1 (9.1%) 0 1 (20%) 

1-3 3 (27.3%) 2 (33.3%) 1 (20%) 

4-9 2 (18.2%) 2 (33.3%) 0 

10+ 4 (36.4%) 2 (33.3%) 2 (40%) 

Employment (percent 

currently employed) 

4 (36.4%) 2 (33.3%) 2 (40%) 

Education (highest level 

completed) 

   

High School 1 (9.1%) 1 (16.7%) 0 

College 2 (18.2%) 1 (16.7%) 1 (20%) 

Graduate School 8 (72.7%) 4 (66.7%) 4 (80%) 

Race          

White 10 (90.9%) 6 (100%) 4 (80%) 

Pacific Islander 1 (9.1%) 0 1 (20%) 

BMI 25.5 (±4.3) 25.3  (±4.5) 25.7 (±4.4) 

Marital Status (percent 

married) 

10 (90.9%) 6 (100%) 4 (80%) 

Number of Comorbidities     

1 1 (9.1%) 0 1 (20%) 

2 3 (27.3%) 1 (16.7%) 2 (40%) 

3 4 (36.4%) 3 (50%) 1 (20%) 

4+ 3 (27.3%) 2 (33.3%) 1 (20%) 

Mean (SD) presented for all data unless otherwise noted.  
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Table 2: Prognostic Biomarkers of Inflammation and Oxidative Stress in Lung Cancer Survivors (by 

group). 

Biomarker Control Group 

(n=6) 

 Treatment Group 

(n=5) 

 Pre-test Post-test  Pre-test Post-test 

IL-6, pg.mL-1 1.24 (±0.4) 1.33 (±0.5)  1.76 (±1.9) 1.65 (±1.3) 

IL-8, pg.mL-1 21.41 (±8.2) 22.39 (±5.1)  46.89 (±42.4) 54.28 (±61.3) 

IL-10, pg.mL-1 0.21 (±0.1) 0.25 (±0.1)  0.29 (±0.2) 0.21 (±0.1) 

TNF-α, pg.mL-1 1.92 (±0.2) 2.28 (±0.4)  2.07 (±0.4) 2.42 (±0.9) 

hs-CRP, mg.L-1 4.20 (±4.2) 4.53 (±5.3)  13.96 (±25.4) 7.14 (±8.1) 

8-OHdG, pg.mL-1 9.68 (±3.6) 8.32 (±2.5)  6.57 (±1.7) 7.62 (±1.1) 

Mean scores (±SD) presented for total and all subscales.  

 

 

 

 

Table 3: Health-related Quality of Life in Lung Cancer Survivors (by group). 

FACT-L Subscale Control Group 

(n=6) 

 Treatment Group 

(n=5) 

 Pre-test Post-test  Pre-test Post-test 

Physical well-being  21.7 (±3.3) 21.2 (±4.1)  23.4 (±2.4) 23.6 (±2.9) 

Social well-being 22.5 (±4.3) 23.7 (±2.3)  25.2 (±2.7) 21.4 (±2.1) 

Emotional well-

being 
19.0 (±4.9) 19.3 (±2.7) 

 
17.4 (±3.9) 16.2 (±4.3) 

Functional well-

being 
19.7 (±2.3) 20.3 (±2.9) 

 
19.8 (±4.3) 20.0 (±4.9) 

Lung Cancer 

Subscale 
22.5 (±1.2) 23.7 (±3.1) 

 
20.4 (±2.9) 19.6 (±4.3) 

      

FACT-L Total 
105.3 

(±8.6) 
108.2 (±8.0) 

 
106.2 (±13.3) 100.8 (±13.4) 

Mean FACT-L scores (±SD) presented for total and all subscales. 
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Figure 1: Subject enrollment flow chart. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lung cancer patients assessed for potential participation  

(n=282) 

 

Ineligible (n=91) 

Declined participation (n=155) 

• Travel (n=60) 

• Too ill (n=73) 

• Uninterested (n=22) 

Potential participants contacted by research staff & further 

screened for eligibility 

(n=36) 

Declined participation (n=19) 

Ineligible (n=4) 

Consented to participate 

(n=13) 

 

Completed pre- and post-testing 

(n=11) 

 

Losses to follow up (n=2) 
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Abstract 

 
Purpose: To determine the role of exercise in improving HQOL and exercise capacity in a 

sample of lung cancer survivor caregivers. 

Methods: Lung cancer survivors were recruited for an 8-week exercise intervention in which 

they were to enlist a caregiver. For the current study, caregivers were randomized to an 

exercise or usual care arm as a dyad with the survivor.  The intervention consisted of 

supervised, in-clinic exercise training 2 days/wk and a prescription for at-home exercise 3 

days/wk, performed at moderate-intensity for 150 min/wk total.   Subjects completed measures 

of exercise capacity (LDCW) and HQOL (SF-36) pre- and post-intervention.  Descriptive 

statistics are reported along with effect sizes (Cohen’s d). 

Results:  Our sample of seven caregivers (n=4 treatment; n=3 control) had a mean age at 

baseline of 59.2 (± 7.6), 57.1% of which were female. Baseline mental HQOL scores (SF-36 

MCS) were a clinically-relevant 5.1 points lower than the general population.  The retention rate 

in our exercise group was 80%, as was our adherence rate (48/60 in-clinic sessions).  ES of our 

treatment suggest that our intervention was unsuccessful (LDCW: d= 0.08; SF-36 MCS: d= -

0.37; SF-36 PCS: d= 0.36). 

Conclusions: Due to the challenges associated with lung cancer patients participating in 

exercise programs, our sample size was quite low, hindering our ability to examine training 

effects on HQOL and exercise capacity. Despite that, those randomized to the exercise group 

were compliant with the intervention, and were able to meet PA guidelines through the 

combination of an in-clinic and at-home intervention, suggesting exercise to be a safe and 

feasible option for caregivers of cancer survivors. 
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With over 14 million cancer survivors living today and over 1.6 million more 

individuals diagnosed each year, cancer clearly affects a considerable number of lives 1. 

Due to the many potential challenges associated with being a cancer survivor, most 

cancer survivors will at some point require the support of an informal caregiver 2.  These 

caregivers, defined as unpaid loved ones who provide the survivor with physical and 

emotional care 3, are typically spouses/partners, significant others, family members, 

close friends or relatives, or next of kin 3, 4.   Demands placed on these individuals to 

meet the needs of the cancer survivor, including monitoring of treatment, treatment-

related symptom management, assistance with personal and instrumental care, as well 

as other emotional, physical, financial, social and spiritual needs and support, can all 

lead to health consequences for the caregiver 5, 6.  Caregivers can experience increased 

levels of stress, diminished physical health, restrictions of activities, strain in marital and 

family relationships, economic burden, depressive symptoms, and poor mental health 7-

14. In fact, emotional distress experienced by the caregiver has been shown to be as 

high as, or even higher than, that of the cancer survivor themselves 11, 15.  All of these 

health challenges can have a detrimental effect on an individual’s health- related quality 

of life (HQOL).    

While a robust literature focusing on HQOL concerns in caregivers of cancer 

survivors has developed as of late, 5, 6, 8, 9, 15-20 few focus on the caregivers of lung 

cancer survivors 16, 21-25. These caregivers certainly face many of the challenges 

discussed above, but may also face amplified or additional challenges specific to the 

diagnosis.  Lung cancer patients usually experience a considerable degree of symptom 

burden, frequently experiencing multiple symptoms at once, including pain, dyspnea, 
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and fatigue, which can be difficult to manage from the caregiver’s perspective26.As 

these patients may face serious physical and functional declines, caregivers are often 

helping with ambulation, moving or lifting patients, and assisting with nutritional needs 

and management 22.  Overwhelming psychological demands of caregiving, such as 

anxiety, depression, and other psychological distress, are common in these caregivers, 

often related to the fact that lung cancer is a disease with frequent recurrence in early 

stages and death in the later stages of the disease. In fact, caregivers of lung cancer 

survivors were shown to have a higher risk of depression and more psychiatric 

consultations than caregivers of patients with other cancers 27, 28.  Caregiving spouses 

of lung cancer patients have been shown to need to take more sick leave than spousal 

caregiver of other cancer types, which may correlate with higher physical and emotional 

burdens of care 21.  Further, it is important to note that distress brought on by challenges 

in one construct related to HQOL may compound challenges in other constructs 21.  

Though the health of these caregivers may be greatly impacted by a loved one’s cancer 

diagnosis, caregivers have received only minimal attention by most healthcare 

practitioners, as they are focused primarily upon the physical needs of the patient 22.   

As such, it is essential that we not only better define the health burden experienced by 

these caregivers, but also identify potential modalities to ameliorate some of these 

health challenges that coincide with providing this care. 

While there is a body of literature describing the challenges and associated 

decrements in HQOL in cancer survivor caregivers, little work has been done to 

evaluate potential interventions to mediate these challenges. Despite the potential 

benefits, few psychosocial and/or behavioral interventions to enhance caregivers HQOL 
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have been developed 9.  As physical activity (PA) has been shown to potentially 

mediate HQOL challenges in a number of populations through enhancements in 

physical, functional, psychological, emotional and social well-being, it could serve as an 

appropriate intervention option for this group 29-32; yet, there is very little evidence to 

show its effectiveness in this population.  At this time, there have been very few studies 

evaluating PA and HQOL in caregivers of any type 33 34, and to date, there have been 

next to none designed to specifically evaluate this relationship in caregivers of cancer 

survivors 35.  As such, we addressed these knowledge gaps by conducting a pilot study 

to examine the potential role of PA, in the form of an exercise intervention, in improving 

HQOL and exercise capacity in a sample of caregivers of lung cancer survivors.   

 

Methods  

Overview & Study Design-This study consisted of an 8-week, randomized 

controlled trial of exercise, consisting of both aerobic and resistance training, in lung 

cancer caregivers.  This study was part of a larger study we conducted examining the 

effect of PA in lung cancer survivors. That study, also using a randomized design, 

determined how an exercise intervention alters biomarkers of prognosis, exercise 

capacity, and HQOL in lung cancer survivors. The cancer survivors were to enlist a 

caregiver to go through the exercise intervention with them to increase exercise 

adherence rates.  As such, for the current study, caregivers were randomized to the 

exercise intervention or usual care arm as a dyad with the lung cancer patient to whom 

they were offering support.  Caregivers randomized to the usual care group did not 

receive any information or advice regarding their physical activity.  



148 
 

 

 Subjects- Potential subjects were identified as a result of their participation in the 

larger study described above.  Caregivers meeting eligibility criteria, which included 

being at least eighteen years old and having the ability to understand and read in 

English sufficiently to complete informed consent and to complete the questionnaires, 

were able to participate. Potential subjects were also screened for exclusion criteria, 

which included symptomatic heart disease, congestive heart failure or arrhythmia, 

documented myocardial infarction in the last three months, or any cognitive or reading 

impairment that would preclude them from completing questionnaires.  

 Protocol- Eligible subjects were enrolled at the University of Wisconsin-Madison 

Hospital from January 2014 – February 2015. All subjects signed the consent form at 

the pre-intervention visit with a member of the research team. Subjects provided 

information on their age, race, ethnicity, education, and comorbidities.  Height and 

weight were directly measured by research staff and typical weekly PA levels were 

measured by the International Physical Activity Questionnaire-Long Form (IPAQ), a 

reliable and valid questionnaire frequently used to measure PA 36.  During this pre-

intervention visit, subjects also completed a HQOL survey, as well as an exercise 

capacity test, described below, in order to measure the potential success of the 

intervention itself.  These outcome measures were repeated at a post-intervention visit.  

All testing was administered by trained research staff.   

Study Measures: 

HQOL- The Medical Outcomes Study Short-Form Health Survey (SF-36) 37 was 

used to evaluate HQOL.  The SF-36 is a 36-item measure encompassing eight 

individual constructs: physical function, role limitations owing to physical problems, 
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bodily pain, general health perception, vitality, social functioning, role limitations as a 

result of emotional problems and mental health.  Each of these subscales are scored on 

a scale of 0 -100, with 0 being the worst possible score 38.  These eight distinct domains 

were then summarized using the standard scoring method into two summary scores: 

the physical health component score (PCS) and the mental health component score 

(MCS) 39.  The SF-36 has been shown to be both reliable and valid for use in general 

populations as well as in those with specific conditions, including cardiac, pulmonary, 

orthopedic, and cancer 40-43.    

Exercise Capacity- The Long Distance Corridor Walk (LDCW) is a two part test 

used to measure exercise capacity 44. It consists of a self-paced two-minute walk, 

followed by a timed 400-m walk.  Participants first completed the two-minute walk with 

the goal to cover as much ground as possible. After a one minute break, participants 

completed the 400-m walk. The goal for this test is to complete the walk in the shortest 

amount of time. This test, with results typically reported as meters walked per second 

on the 400-m walk,  has been shown to be a valid and reliable performance-based 

measure of functional status in both middle-aged and older adults45.  

 Intervention- The intervention was designed to mimic the current ACSM PA 

recommendations 46.  As such, it consisted of supervised exercise training two days per 

week and a prescription for at home exercise three days per week, totaling 150 minutes 

of moderate-intensity PA each week. Each exercise session was comprised of an 

aerobic training component and a resistance training component.  All exercise sessions 

were performed at a moderate level of intensity as determined by the Borg Rating of 

Perceived Exertion Scale 47.  At the initial visit, individual consultations with the research 
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assistant were used to tailor the intervention exercises to subjects. Aerobic training was 

done five days per week, 30 minutes per session, while resistance training was done 

two days per week, usually at the clinic visits. Specific exercises were avoided or 

adapted if the subject had preexisting conditions that required such actions. Activity logs 

were used by subjects to record their weekly exercise and, along with attendance at in-

clinic sessions, were used to measure program adherence.   

Aerobic Training - Subjects had their choice of walking, stationary cycling, or 

exercise videos vetted by research staff as their mode of aerobic exercise during the 

aerobic component of the intervention.  The Borg Rating of Perceived Exertion Scale 47  

was reported by subjects during the exercise session in order to judge intensity.  

Participants were asked to work at a rating of 12-16 (the ‘somewhat hard’ to ‘hard’ 

range).  As all participants were physically able to complete 30 minutes of moderate-

intensity activity from the first session, a progression period was not necessary.  A five 

minute warm-up period and five minute-cool down period were used each session. 

 Resistance Training- Resistance bands with graded resistance were used for the 

strength training portion of the intervention. The following exercises were completed 

each session, as the program was designed to hit all the major muscle groups: chest 

press, seated row, upright row, triceps extension, bicep curls, squats, shoulder press, 

and calf raises. These eight exercises were done in two sets of 10 repetitions each.  

Resistance was added by advancing through the different bands as 10 repetitions 

became too easy to perform. Although the study was designed to have the subjects do 

their resistance training in the clinic, each subject received their own set of resistance 
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bands and instructions on the eight exercises such that the exercises could be done at 

home in the case of missed clinic visits. 

 Analysis- Analyses were conducted using SPSS statistical software version 20 

(IBM Corp.). Descriptive statistics were calculated and compared between the two 

groups (treatment vs. usual care) at baseline.  As our sample size for this pilot study 

was quite small, we conducted a post-hoc power analysis and found that we were under 

powered to run a statistical analysis. Therefore, means and standard deviations (SD) for 

the pre- and post-tests for each treatment group were reported for the main analyses. 

To gauge the magnitude of potential mean differences, effect sizes (ES) for these 

analyses were calculated using Cohen’s d with correction for positive bias 48. Cohen's d 

is a standardized measure of ES and provides information on the amount of change 

from pre-test to post-test between treatment groups relative to the variation within the 

measure.   

 

Results 

Study Population- A total of eight caregivers were identified for participation by 

cancer survivors enrolled in the companion study.  Of the eight participants randomized, 

one subject was unable to complete post-testing due to the cancer subject she was 

providing care for withdrawing from the study, leaving a final analytic sample of seven 

caregivers (n=4 treatment; n=3 control).  The mean age of participants at baseline was 

59.2 (±7.6) years, 57.1% of which were female, and 100% identified as white. 

Regarding the relationship of the caregiver to the cancer survivor, 86% of participants 

identified themselves as spouses. Baseline PA levels, as indicated by IPAQ scores, 
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were 3849 (3198-4740) MET-min/wk (median (IQR)).  Sample characteristics by 

treatment group are shown in Table 1.   

HQOL- When evaluating mental HQOL using the MCS scores of the SF-36, 

subjects randomized to the treatment group had a mean score (±SD) of 44.3 (±15.8) on 

the pre-test and 46.5 (±12.6) on the post-test, whereas subjects in the control group had 

mean scores of 45.7 (±20.5) and 51.0 (±12.3), respectively. The ES regarding the 

change in score on the MCS between groups (d= -0.37) suggests a small, negative 

effect, as the mean change in controls (+2.3) was greater than that of the treatment 

group (+5.3). Individual subject pre- and post-test scores on the MCS can be found in 

Figure 1.  When assessing physical HQOL scores as measured by the PCS, we found 

that subjects in the treatment group, on average, scored 59.5 (±5.8) on the pre-test and 

59.6 (±4.5) on the post-test while participants in the control group scored, on average, 

46.7 (±12.8) and 45.0 (±13.7), respectively. There was a small treatment effect (d=0.36) 

for the change score on the PCS, as the treatment group improved their scores while 

scores in the control group, on average, decreased form pre-test to post-test.  Individual 

subject PCS scores are presented in Figure 2.   

Means scores (±SD) of all eight of the SF-36 subscales (physical function, role 

limitations owing to physical problems, bodily pain, general health perception, vitality, 

social functioning, role limitations as a result of emotional problems and mental health) 

are reported in Table 2. Vitality, bodily pain, physical function, and role-emotional 

subscale scores on the post-test improved in the treatment group when compared to the 

pre-test.  Further, with the exception of the role-physical and social function subscales, 



153 
 

 

the control group also scored higher on the post-test in every category compared to the 

pre-test.   

Exercise Capacity-When evaluating the success of the intervention to improve 

exercise capacity, we found that subjects in both groups improved their scores on the 

LDCW from pre-test to post-test.  The treatment group, on average, walked 1.71 (±0.06) 

m/sec on the pre-test, and 1.77 (±0.02) on the post-test, whereas the control group 

walked 1.19 (±0.59) m/sec and 1.24 (±0.36), respectively (data not shown). The 

difference in effect between the two groups was negligible (d= 0.08). 

Program Compliance- Regarding our retention rate of the exercise intervention, 

80% (n=4) of subjects completed the program and associated post-testing.  Our overall 

adherence rate was 80%, as 48 of 60 potential in-clinic visits were completed by 

participants.  According to PA logs recorded by subjects, three of the four subjects to 

complete the program met the PA recommendations of 150 minutes of moderate-

intensity PA per week for the full eight week intervention.  No injuries, falls, or accidents 

were reported during the intervention.  All subjects in the control group (n=3) were 

retained and completed post-testing. 

 

Discussion 

This is the first study to evaluate the role of PA, specifically exercise, in improving 

HQOL in a group of lung cancer survivor caregivers.  As this study was part of a larger 

study involving the recruitment of lung cancer survivors, our enrollment of caregivers to 

this study was predicated upon our success in enlisting lung cancer patients to 

participate in an exercise intervention.  Due to the small size of our lung cancer study, 
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the number of caregivers we enrolled (n=7) is quite low. Though the sample size 

accrued for this preliminary study has hindered our ability to show potential statistical 

differences in HQOL and exercise capacity between groups, these data have helped to 

better describe this population while also examining the feasibility of PA interventions in 

caregivers of cancer survivors. 

While enrollment is not a great indicator of feasibility in this particular study, due 

to it being driven by the recruitment of lung cancer survivors, we can consider the study 

retention, adherence, compliance, and safety, all of which we found was quite good in 

this small sample.  While there are no published adherence rates in the few previous PA 

studies in caregiver populations in which to compare these rates to, Swartz et al 49 

conducted a study to determine the preferences of cancer survivor caregivers to stress-

reduction programs.  They found that of the eleven program choices offered, PA was 

overwhelmingly the first choice amongst caregivers (73%).  When the sample was 

separated by gender, stress status, and tumor grade, these relationships held, with PA 

still remaining the first choice in stress reduction.  Further, a qualitative study conducted 

by Anton et al 50 to explore cancer caregivers’ perceptions of participation in a 

structured exercise program alongside the survivor that they care for found that exercise 

was viewed positively amongst caregivers.  While over-reporting is likely with regards to 

our IPAQ data, it still suggests that this might be an active group that is able and willing 

to participate in PA. This information is vital in trying to find potential therapeutic 

modalities to lessen stress and improve HQOL in this population.  As our study shows 

that an exercise intervention may be feasible in this group, it is imperative that more 

work with larger samples be conducted to detail the potential benefits in HQOL.  
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Demographically, our study population was similar to that of previous studies of 

cancer survivor caregivers, in that the majority of our sample was female (57%), had 

earned a college degree (57%), and identified themselves as spouses of the cancer 

survivors (86%) 2, 4, 11, 19.  Baseline IPAQ scores (3849 (3198-4740) MET-min/wk) 

suggest a highly active group, though, again, over-reporting on the IPAQ is likely. When 

comparing our baseline data with population-based norms 38 , our sample scored lower 

on the MCS (44.86 ±16.3) than that of the general US population (50.0 ±10.0), and 

specifically those aged 55-64 (51.71 ±10.3), which encompasses our participants’ mean 

age 51.  Of note, the difference in HQOL score between our sample and that of the 

general population is considered to be “clinically relevant”, previously defined by Ware 

et al to be a 5-10 point difference in SF-36 scores 51.   

When looking across each individual subscale of the SF-36 in the whole sample, 

we found that mean baseline scores on six of the eight individual subscales were similar 

to the published age-based population norms 38; however, the role-emotional and 

mental health subscales were considerably lower than the general US population.  The 

mean role-emotional score among all participants was 39.2 (±22.2), as compared to the 

role-emotional scores for US adults between the ages of 55-64 of 49.8 (±10.7) 38.  

Similarly, the mental health mean scores in our sample were 48.5 (±11.4) as compared 

to the population norm for 55-64 year olds (51.3 ±10.2) 38. As lung cancer survivors 

typically have a very poor prognosis, with a five-year relative survival rate (all stages) of 

17% 1, the health of the survivor that they were providing care for may have greatly 

influenced these scores.  During palliative care periods, caregivers of cancer survivors 

have reported heightened levels of caregiving burden 52, greatly impacting psychological 
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distress 52 53.  Further, caregivers have reported significant fluctuations in sleep patterns 

during this time 54, as well as an increase in risky health behaviors, such as smoking 

and alcohol use 55, all potentially leading to deficits in HQOL.  This points to the 

potential deficits in HQOL experienced by this group and the need to identify ways to 

mediate these challenges. 

As we were unable to test the statistical significance of any intervention effects 

on HQOL due to our sample size, we used ES to make some inferences regarding what 

might happen in an appropriately powered study.   Our ES for each composite score 

suggest that our exercise intervention did not appear beneficial for mental HQOL  

(d= -0.37), but did, though modestly, for physical HQOL (d=0.36).  In regards to only 

seeing a small effect in PCS scores observed in the treatment group, this can potentially 

be explained by the high PCS scores at baseline.  These baseline scores in the 

treatment group were, on average, 9.5 points higher than the general population.  In the 

cases of the physical function, role-physical, and bodily pain, ceiling effects were found 

(typically defined as 15% or more of respondents scoring 100 on a given subscale 56), 

suggesting that there was little room for improvement in physical HQOL.  Our MCS 

scores, however, suggest a deleterious effect of our treatment, though this is likely due 

to the wide range of scores observed in our small sample of controls.  When evaluating 

exercise capacity using the LDCW, we found little effect (d=0.08), suggesting that the 

treatment didn’t effect performance to a greater degree than that of the control group.  

Interestingly, the average gait speed at baseline on the LDCW was 1.48 (± 0.44) m/sec.  

This is lower than maximum gait speed values (1.93 (±0.36) m/sec for men in our age 

range and 1.77 (±0.25) m/sec for women in our age range) reported by Bohannon et al 
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in a group of 230 healthy subjects 57.  It is possible that in a group already reporting high 

levels of PA, the 150 min/week of exercise and/or its moderate intensity was not enough 

to improve exercise capacity in this group.  Alternatively, as the desire to participate in 

an exercise program appeared to be the deciding factor for most cancer survivors to 

enroll in our study, individuals randomized to the control group may have still 

participated in weekly exercise, thereby contaminating the control group.   

There are several limitations to the current pilot study that must be considered.  

Our main limitation was the small sample size.  As a result, this study was 

underpowered to detect changes in HQOL or exercise capacity and yielded a large 

range of scores on these metrics, thereby making interpretation of these data 

challenging.  Future work needs to be conducted with a larger sample to better 

elucidate relationships between PA and HQOL outcomes. Another limitation of this 

study was the generalizability of our findings as participants were recruited by, and 

asked to participate with, the cancer survivor in whom they care for, such that it it is 

likely that these individuals may be considerably more motivated than caregivers not 

specifically asked to exercise by the survivor that they offer support to.  Adherence of 

at-home sessions of the exercise intervention were measured by self-report, thereby 

potentially leading to measurement error.  Finally, it should be noted that researchers 

leading the exercise sessions also collected all pre-test and post-test data, thereby 

leading to potential investigator bias.   

There are several important strengths of this preliminary study, including being 

the first study to test an exercise intervention specifically for this population.  While we 

were unable to test statistical differences, a randomized design allowed for preliminary 
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work into evaluating the effectiveness of an exercise intervention on HQOL and 

exercise capacity in this group.  Further, our valid measures of HQOL (SF-36) and 

exercise capacity (LDCW) allowed for comparison with other work and, in the case of 

the SF-36, population-based norms.  Finally, our assessing the feasibility of an exercise 

program in this sample can lead to future work regarding the use of an exercise 

intervention in this population. 

In conclusion, we found that exercise does appear to be a feasible intervention in 

caregivers of lung cancer survivors.  In general, the recruitment of this specific 

population was difficult due to the related barriers of recruiting lung cancer patients to 

an exercise intervention.  Despite that, those randomized to the exercise group were 

compliant with the exercise intervention, and were able to meet the current PA 

guidelines through the combination of an in-clinic and at-home intervention.   The wide 

range of baseline HQOL scores is indicative of specific caregiving needs associated 

with lung cancer survivors.  As we were unable to show that our intervention was 

effective at improving HQOL scores compared to those randomized to a control group 

due to our small sample size, future work should be dedicated to further elucidation of 

this relationship.   

 

 

 

 

Table 1: Characteristics of Support Persons of Lung Cancer Survivors (by group). 

Characteristic Total Sample 

(n=7) 

Control Group 

(n=3) 

Treatment 

Group (n=4) 

Age 59.2 (±7.6) 64.5 (±5.5) 55.3 (±6.8) 

Sex (percent female) 4 (57.1%) 2 (66.7%) 2 (50%) 

Relation to cancer survivor    
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Spouse 6 (85.7%) 3 (100%) 3 (66.6%) 

Son/Daughter 1 (14.3%) 0 1 (33.3%) 

Employment (percent currently 

employed) 

3 (42.9%) 1 (33%) 2 (50%) 

Education (highest level 

completed) 

   

High School 3 (42.9%) 2 (66.7%) 1 (25%) 

College 4 (57.1%) 1 (33.3%) 3 (75%) 

Race (percent white) 7 (100%) 3 (100%) 4 (100%) 

BMI 26.4 (±4.9) 24.0  (±5.6) 28.3 (±4.2) 

Marital Status (percent married) 6 (85.7%) 3 (100%) 3 (75%) 

Number of Comorbidities     

0 2 (28.6%) 0 2 (50%) 

1 1 (14.3%) 1 (33.3%) 0 

2 2 (28.6%) 1 (33.3%) 1 (25%) 

3+ 2 (28.6%) 1 (33.3%) 1 (25%) 

Median (IQR) reported for Typical PA level. Mean (SD) presented for all other 

data unless otherwise noted.  
 

 

 

 

Table 2: Health-related Quality of Life in Support Persons of Lung Cancer Survivors (by group). 

SF-36 Subscale Control 

Group 

(n=3) 

  Treatment Group 

(n=4) 

 

 Pre-test Post-test  Pre-test Post-test 

MCS 45.7 (±20.5) 51.0 (±12.3)  44.3 (±15.8) 46.5 (±12.6) 

PCS 46.7 (±12.8) 45.0 (±13.7)  59.5 (±5.8) 59.6 (±4.5) 

Vitality 49.2 (±3.8) 52.5 (±13.8)  51.5 (±9.7) 55.2 (±10.9) 

Bodily Pain 43.8 (±7.9) 48.7 (±9.0)  55.5 (±8.5) 56.6 (±8.5) 

Physical Function 45.1 (±13.4) 47.21 (±15.2)  55.4 (±2.0) 56.5 (±1.1) 

Role-physical 40.5 (±15.0) 37.3 (±17.0)  56.9 (±0.1) 56.9 (±0.1) 

Role-emotional 32.6 (±23.3) 45.5 (±9.0)  44.3 (±23.3) 48.1 (±15.5) 

Social Function 51.4 (±9.4) 47.8 (±8.3)  52.8 (±8.2) 52.8 (±5.2) 

Mental Health 50.6 (±15.6) 52.1 (±13.0)  47.3 (±9.7) 47.2 (±5.4) 

General Health  52.8 (±9.0) 53.6 (±7.3)  55.0 (±7.9) 54.4 (±10.1) 

Mean SF-36 scores (±SD) presented for all subscales and both composite scores. 
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Figure 1: Individual subject pre-test and post-test scores on the MCS. 
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Figure 2: Individual subject pre-test and post-test scores on the PCS.   
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Chapter V: Summary and Conclusions 

 

This dissertation, when viewed as a whole, was designed to further our 

understanding of the role of PA in cancer survivorship. Three individual studies were 

intended to answer questions regarding the relationship between PA and a series of 

health outcomes in understudied populations related to cancer survivorship. 

Specifically, these studies evaluated the PA behaviors and their relationship to HQOL in 

a cohort of NA cancer survivors, the effect of exercise on measures of prognosis and 

HQOL in a group of lung cancer survivors, and the effect of exercise in improving HQOL 

in the caregivers of these lung cancer survivors.  This chapter will summarize the 

findings of this project, offer some greater themes of this collective work, and discuss 

potential future directions. 

  The first study, entitled “Physical Activity Behaviors and Associated Health-

related Quality of Life in Native American Cancer Survivors”, was the first study 

conducted to evaluate PA in NA cancer survivors.  As great health disparities exist 

between NA and both whites and other non-white minorities, including cancer-related 

outcomes, we felt that this could greatly add to the cancer survivorship literature. Thus, 

we conducted a cross-sectional analysis of a national sample of NA cancer survivors, 

describing the PA behaviors of this population and evaluating the associations of PA 

with HQOL. Specifically, we examined the relationship between meeting PA guidelines 

and HQOL, and evaluated if the particular intensity or type of PA was of importance 

regarding this association.  
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 While our main finding suggested that there was not a significant relationship 

between meeting PA guidelines and HQOL, nor, with the exception of physical function, 

was accumulating amounts of PA of varying intensities and types associated with higher 

HQOL constructs, we were encouraged by the findings regarding the PA behaviors in 

this group.  Our study suggests that a large percentage of these NA cancer survivors 

were sufficiently active enough to meet PA guidelines, though over-reporting of PA must 

be considered.  Further, of the typical PA participated in by these survivors, walking and 

housework were the most common activities.  This group also tended to participate 

more in non-NA specific PA than in traditional NA-specific PA, though they did 

participate in roughly the same amount of non-exercise PA as planned exercise. As this 

is the first study to evaluate these behaviors, this information may be helpful in 

designing future PA interventions for this population.  

 The second study in this project, “Impacts of Exercise on Prognostic Biomarkers, 

Health-related Quality of Life, and Exercise Capacity in Lung Cancer Patients: A Pilot 

Study” again dealt with an understudied population with regard to PA.  As it is one of the 

very few randomized control trials to evaluate an exercise intervention and its 

relationship with health outcomes in lung cancer survivors, we aimed to assess the 

feasibility of exercise programming in this population, while also identifying potential 

effects of an exercise intervention on inflammatory and oxidative stress markers, 

exercise capacity, and HQOL.   

Here, our main finding was actually the great difficulty involved in recruiting and 

enrolling lung cancer survivors to participate in an exercise program.  As fewer than 7% 

of eligible subjects actually participated in this study, it suggests that this type of 
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intervention may not be palatable to all lung cancer survivors.  Specifically, a great deal 

of potential participants considered themselves to be too sick or the travel burden to be 

too great to participate.  However, there were individuals that were quite interested in 

starting an exercise program and, regardless of actual prognosis and current treatment 

regimen, did consider themselves well enough to participate.  In those individuals, 

exercise training appears to be safe and feasible.  Further, the vast majority of our 

sample was compliant with the intervention and was able to meet PA recommendations 

of 150 minutes of moderate-intensity PA per week.  We also concluded that supervised 

in-clinic sessions, as well as at-home exercise, appear to be good options for survivors.  

As previous work suggested at-home exercise programs were not feasible due to 

extremely low adherence rates, our inclusion of a support person may have influenced 

the high at-home adherence rates observed in our study and should be considered 

when implementing future at-home programs. As many lung cancer survivors are not 

willing to participate in structured exercise interventions due to travel to the clinic, this 

finding that at-home exercise programs are feasible in this population suggests that an 

at-home exercise intervention with a support person and minimal clinic visits may be a 

promising intervention design. Unfortunately, we were unable to truly evaluate the 

effectiveness of this intervention on our main outcomes of interest, as our small sample 

size left us underpowered to test treatment effects and additionally resulted in 

ineffectual randomization with greater disease severity and more prevalent current 

cancer treatment in the exercise group.  While biomarkers of prognosis, HQOL, and 

exercise capacity were initially the primary aims of this study, the findings regarding 
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barriers to recruitment and the feasibility of exercise programming are a beneficial 

addition to the cancer survivorship literature promoting PA in this population. 

 The third study in this series of work, entitled “Impacts of Exercise on HQOL in 

Informal Caregivers of Lung Cancer Survivors: A Pilot Study” again deals with a 

population that, while often studied in regards to other behaviors and treatments, has 

been infrequently so in the context of PA.  This study was developed out of our lung 

cancer study.  Specifically, as we were hoping to increase the adherence rates of the at-

home portion of our exercise intervention in lung cancer survivors, we asked these 

survivors to enlist a caregiver to participate in the study with them.  After an extensive 

literature review of informal caregivers, it became clear that informal caregivers of 

cancer survivors, especially those of lung cancer survivors, were suffering from their 

own set of unique HQOL challenges, including potentially worse emotional HQOL than 

the cancer survivors themselves.  Yet, there was very little work dedicated to trying to 

mediate these conditions through the use of PA. As such, we conducted a randomized 

trial of exercise on HQOL and exercise capacity in a sample of caregivers of lung 

cancer survivors. 

In this study, we again found that exercise appears to be a feasible intervention 

in caregivers of lung cancer survivors.  Those in the exercise group were compliant with 

the exercise intervention, and were able to meet the current PA guidelines through the 

combination of an in-clinic and at-home intervention.   Regrettably, the recruitment of 

lung cancer survivors, as discussed above, was quite difficult, leaving us with a very 

small sample size of caregivers.  As such, we were unable to show that our intervention 

was successful at improving HQOL scores compared to those randomized to a control 
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group.  This work, however, is still encouraging in that it appears as though exercise 

may still be an attractive and feasible option to mediate HQOL concerns in this 

population. 

 When considering these three distinctive studies collectively as one project, a 

few global conclusions present themselves.  Overall, this project adds to the already 

robust literature suggesting that PA, specifically moderate-intensity exercise, is both 

feasible and safe in cancer survivors.  The ACSM guidelines for cancer survivors, which 

parallel those for healthy adults, recommend 150 minutes of moderate-intensity PA per 

week.  In our first study, 60% of the NA queried met these recommendations.  While 

over reporting is likely, their self-report suggests that these individuals were performing 

a good deal of moderate-intensity PA, and that they spent almost as much time in 

planned exercise as in non-exercise PA.  In our study of lung cancer survivors, 80% of 

survivors met the PA goal of 150 min/wk, again with planned exercise, and the one 

individual that didn’t still exercised multiple days a week, meeting this goal for more 

weeks than not over the course of the eight-week intervention.  In that time, no injuries 

or adverse events were reported.  As these understudied populations often have poorer 

health outcomes than that of other cancer survivors, this information is critically 

important, as it adds to the already robust literature suggesting that exercise is safe and 

feasible in cancer survivors.  NA cancer survivors, as described elsewhere in this 

document, suffer disproportionally from many health consequences.  Lung cancer 

survivors have much lower 5-year survival rates than those with other cancer types, as 

well as other unique health challenges specific to their diagnosis and treatment.   It 

should also be noted that exercise appears to be a safe and feasible option for 
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caregivers of cancer survivors, as our third study observed adherence and adverse 

event rates similar to that of our lung cancer survivors.  As such, these findings add 

merit to the literature that suggests that exercise may be a potentially safe modality for 

these individuals.   

 The other major theme found in this collective work is that while exercise is 

potentially safe and feasible in these groups, it may not be palatable to all cancer 

survivors and/or their caregivers.  Along with walking, we found that the vast majority of 

PA participated in by NA cancer survivors occurred in the household or domestic 

domain. Further, more than half of all PA participated in by this group came in the form 

of non-exercise PA.  In addition, while exercise appeared to be feasible for the five lung 

cancer survivors who participated in our second study, it may not have been for the 155 

survivors who were eligible for the study but declined participation due to considering 

themselves too ill to perform exercise, unwilling to travel to in-clinic exercise visits, or 

simply not being interested in partaking in an exercise program.  Also of note, while we 

suggest exercise is an appropriate, safe, and feasible option for caregivers of cancer 

survivors, we again realize that this was specific to this quite small sample (n=4).  As 

the majority of the support person’s relationship to the cancer survivor was as a 

spouse/partner, which is similar to other studies concerning informal caregivers of 

cancer survivors, we must consider what the general population of cancer caregivers 

might look like.  Cancer is often considered a disease of the aged.  As such, the 

majority of spousal caregivers may also be of older age, such that the functional 

declines that are related to HQOL may potentially make exercise unattractive to this 

group.  Our group of caregivers were a relatively young (59 years), educated, healthy 
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group.  While exercise was accessible to this population, that may not be the case for all 

caregivers of cancer survivors.  As such, other PA options, especially within the context 

of potential future interventions and/or elucidating relationships with health outcomes, 

must be explored.   

One promising direction is that of light-intensity, non-exercise PA.  As more and 

more work comes forward warning of the dangers and accompanying poor health 

associated with sedentary behavior 263, and as light-intensity PA is perhaps the easiest 

way to displace time spent in sedentary behavior, this may be an especially attractive 

option for this population.  In regards to our NA cancer survivors, many reported 

participating in non-exercise PA.  However, we utilized a self-reported measure of PA, 

which has been shown to do a relatively poor job of measuring light-intensity, non-

exercise PA 264.  We also queried fewer light- than moderate-intensity activities, perhaps 

not painting the complete picture of where the majority of time spent physically active is 

allocated.  Along with misclassification of volume of PA due to over-reporting, this lack 

of accurately-measured light-intensity PA may help to explain our null findings with 

regards to HQOL in this group.  More work is needed to better describe the light-

intensity behaviors of NA cancer survivors and their potential relationship with HQOL.  

In our lung cancer survivor study, we noted that perhaps an additional reason that we 

didn’t observe an increase in HQOL following the exercise intervention, aside from 

having a small sample of non-comparable groups, could be the high baseline HQOL 

scores observed in this group.  We went on to report that, along with other studies 

evaluating an exercise intervention in lung cancer survivors, our baseline HQOL scores 

were considerably higher than that of the larger lung cancer population not participating 
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in an exercise program.  This could suggest that the HQOL in individuals that are not 

well enough nor motivated enough to partake in an exercise program may have a lower 

HQOL than those individuals that do participate.  As such, light-intensity may not only 

be more accessible to those who do not wish to travel or are too ill to participate in a 

standard exercise intervention, but may also help to improve HQOL in this subset of 

lung cancer survivors.  Finally, since the time commitment is a commonly cited barrier to 

exercise in cancer survivor caregivers, and since a great majority of their free time is 

spent offering care, non-exercise, light-intensity PA may be a great benefit to this 

population.  

Future studies in these populations should address some of the major themes 

found in this work.  With regards to NA cancer survivors, studies need to be dedicated 

to further describing PA behavior using objective measures. This is especially important 

with regards to light-intensity, non-exercise PA.  As subjective self-report measures of 

PA do a poor job of capturing these activities, future studies need to consider using 

objective measures to better determine the relative amount of light-intensity PA 

participated in by this population.  Further, this work should explore the relationship 

between light-intensity PA and HQOL.  As the emerging field of sedentary behavior has 

suggested that increased sitting time is related to all-cause mortality and select 

morbidities 265, it is entirely possible that the replacement of sitting time with light-

intensity PA may be a beneficial modality for NA cancer survivors.   Lastly, well 

controlled trials are needed to evaluate the role of PA in mediating HQOL concerns.  As 

our work showed that NA appeared to participate in a substantial amount of moderate-

intensity PA, specifically exercise, well controlled trials are needed to test exercise 
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interventions in regards to safety, feasibility, and their effect on HQOL.  Additionally, 

interventions limiting sedentary time should also be explored in the context of 

randomized controlled trials to examine their impact on HQOL. 

 In regards to lung cancer survivors, more work needs to be done to show the 

effectiveness of exercise as a therapeutic modality in this population.  While we were 

encouraged that exercise is feasible and safe in this group, our studies did little to show 

the effectiveness of an exercise intervention.  As such, randomized trials with larger 

sample sizes are needed to better explore the relationship between exercise and 

cancer-specific health outcomes.  This work also needs to consider the true 

generalizability of findings in this population.  Low sample sizes among studies, coupled 

with the likelihood of sampling bias, suggest a unique population of cancer survivors 

that partake in PA studies.  As such, large, well-controlled studies trials are needed, as 

are studies looking at the potential barriers to exercise and non-exercise PA.  To 

specifically address the large percentage of lung cancer survivors who are not willing or 

able to participate in exercise program, studies addressing the feasibility and potential 

impact of limiting sedentary time are warranted.  These should, again, come in the form 

of well controlled trials.  Of note, health outcomes explored should be limited to HQOL 

to start, as it is unlikely that decreasing sedentary time would have an influence on our 

tested measures of prognosis (including exercise capacity and markers of inflammation 

and oxidative stress).   

 Finally, future studies are needed to continue to evaluate PA as a potential 

treatment modality in caregivers of cancer survivors.  While this was the first study to 

show that exercise appears to be both safe and feasible in this group, we were unable 
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to evaluate its effectiveness at improving HQOL.  Well controlled trials with large sample 

sizes should be utilized to better explore this relationship.  Further, in the case of 

exercise not being a suitable intervention due to the time spent providing care, as well 

as potential health concerns experienced by the caregiver, work should be done to 

objectively evaluate time spent in sedentary behavior and its association with HQOL.  

Should this observational work provide promising results, well controlled trials featuring 

interventions to limit sedentary time would be justified.   
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Appendix A 

The following tables present p-values for the analysis evaluating intensity- or 

type-specific PA with HQOL.  Specifically, we tested whether a given intensity or type of 

PA mattered in relation to individual HQOL constructs.  When p-values were significant, 

pairwise comparisons between a referent group and participation in greater amounts of 

PA are presented. 

 PF Pain Fatigue Sleep M_SEX F_SEX Cognition Spirit Social Emotional 

VIG  .70 .33 .31 .63 .72 .39 .04 .36 .37 .47 

MOD  .02 .92 .73 .27 .06 .03 .55 .22 .53 .81 

LIGHT .72 .78 .82 .05 .15 .07 .81 .83 .70 .54 

 

Dependent Variable: Physical Function 

                                       

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 Mod_METS  150 v 0        0.07    0.03       0.02   0.12 

 Mod_METS  500 v 0        0.22    0.08       0.05    0.38 

 Mod_METS  1000 v 0      0.43     0.15      0.11    0.74 

 Mod_METS  1700 v 0      0.70     0.25       0.20    1.20 

Dependent Variable: Sleep 

 

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 Lt_METS 150 v 0         -0.14  0.06     -0.27   -0.02 

 Lt_METS 500 v 0          -0.41  0.17      -0.75   -0.06 

 Lt_METS 1000 v 0       -0.69     0.28      -1.25   -0.12 

 Lt_METS 1500 v 0       -0.84     0.33     -1.51   -0.18 

Dependent Variable: Sexual Function (Female) 

                                         

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 Mod_METS 150 v 0        0.04     0.02      -0.01      0.08 

 Mod_METS 500 v 0        0.11     0.07      -0.02      0.25 

 Mod_METS 1000 v 0      0.20     0.13       -0.06      0.47 

 Mod_METS 1700 v 0      0.28     0.21      -0.14      0.71 

Dependent Variable: Cognition 

                                       

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 vig_mets 250 v 0        -0.13      0.05      -0.23  -0.02 

 vig_mets 600 v 0        -0.30     0.12      -0.54   -0.05 

 vig_mets 800 v 0       -0.39      0.16      -0.71   -0.07 
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 PF Pain Fatigue Sleep M_SEX F_SEX Cognition Spirit Social Emotional 

Trad .65 .33 .29 .96 .91 .92 .15 .12 .21 .59 

Non-Trad  .007 .18 .15 .49 .41 .28 .14 .07 .20 .08 
 

 

Dependent Variable: Physical Function 

                                          

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 NON_TRAD 750 v 300      0.23     0.09     0.05   0.41 

 NON_TRAD 1500 v 300    0.57    0.22      0.13   1.01 

 NON_TRAD 2500 v 300    0.95     0.35      0.25   1.66 

 PF Pain Fatigue Sleep M_SEX F_SEX Cognition Spirit Social Emotional 

Exercise .01 .28 .31 .42 .17 .11 .66 .009 .06 .03 

Non-Ex PA  .20 .46 .86 .29 .22 .14 .33 .01 .07 .03 

 

Dependent Variable: Physical Function 

 

Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 Ex 500 v 100             0.19                  0.09        0.01    0.36 

 Ex 1000 v 100            0.40      0.18       0.02    0.77 

 Ex 2500 v 100            1.05     0.49       0.06    2.04 

Dependent Variable: Spiritual 

                                     

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 Ex 500 v 100             -0.06     0.03     -0.13   0.01 

 Ex 1000 v 100            -0.12     0.07     -0.27   0.02 

 Ex 2500 v 100            -0.33     0.19     -0.72   0.05 

 

                                          

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 NON_Ex 500 v 200        -0.03     0.02      -0.07   0.02 

 NON_Ex 1000 v 200      -0.07     0.06      -0.19   0.05 

 NON_Ex 2500 v 200      -0.13     0.14     -0.42   0.16 

 

Dependent Variable: Emotional 

                                         

 Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 NON_Ex 500 v 200        -0.07     0.05     -0.16   0.02 

 NON_Ex 1000 v 200      -0.17     0.11     -0.40   0.06 

 NON_Ex 2500 v 200      -0.35    0.28     -0.90   0.21 

Pair-wise comparisons    Estimate   Standard Error   95% Confidence Limits 

 Ex 500 v 100             -0.06     0.07      -0.19   0.08 

 Ex 1000 v 100            -0.12    0.14     -0.40    0.16 

 Ex 2500 v 100            -0.33     0.37      -1.08    0.41 

 
 


