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ABSTRACT 

 

Lindsey Lee Hanson 
 
 
 

PHYSICAL ACTIVITY PREDICTS PHYSICAL FUNCTION IN WOMEN 
UNDERGOING BREAST CANCER TREATMENT 

 
 

Thesis under the direction of Shannon L. Mihalko, Ph.D., Department of Health and 
Exercise Science. 

 

The American Cancer Society estimates that 1 in 8 women will be diagnosed with 

breast cancer in her lifetime. Due to 5-year survival rates of 89.7%, it is important to 

examine factors that impact physical function over the course of cancer treatment. 

Purpose: To prospectively analyze changes in physical function and the extent to which 

physical activity predicted these changes in a group of 400 women with recently 

diagnosed, staged breast cancer. Methods: Three visits were included in this study: pre-

surgery, one-year, and two-years post-surgery. Each session consisted of assessments of 

physical activity (PA), perceived function, strength, shoulder mobility. Results: The 

women in this study were a mean age of 57 years, overweight with a mean BMI of 29.4 

kg/m2, physically inactive, and diagnosed with early stage breast cancer. Linear 

regression analyses, controlling for age, BMI, and treatment, indicated that baseline PA 

predicted year one bicep strength (β= .254, p<0.001) and grip strength  

(β= .146, p<0.001) and year two bicep strength (β= .304, p=0.022). Conclusions: Since 

PA levels before and during treatment are below national recommendations and pre-

treatment PA affects physical function, future research should target PA interventions 

concurrent with treatment to preserve function during survivorship.  
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INTRODUCTION 

 

Breast cancer refers to the growth of malignant cells in the breast tissue that 

proliferate to form a tumor. It is estimated that breast cancer represented over 30% of 

newly diagnosed cancers in 2017 making it the second most common cancer diagnosis in 

women behind skin cancer. However, increasing knowledge of the disease, improved 

treatment, and advancements in screening techniques have led to growing survival rates. 

It has been estimated that 5-year survival rates for women diagnosed with all stages of 

breast cancer are between 89 and 100%, contributing to the current 3.1 million breast 

cancer survivors in the United States (American Cancer Society, 2016).  

 The successful treatment of breast cancer is not without its challenges. Acute and 

long term effects of breast cancer and its treatment include decreased health-related 

quality of life, lymphedema, sarcopenia, arthralgia, fatigue, physical inactivity, and 

reduced physical fitness. These symptoms, potentially caused by the cancer itself, 

treatment options, or a combination of the two, frequently lead to an overall decline in 

physical functioning. Breast cancer survivors are generally inactive prior to the onset of 

treatment and decrease physical activity levels by approximately 11% six months after 

diagnosis (Irwin et al., 2003). Compared to healthy, age-matched controls, women with a 

history of breast cancer perform 56% less physical activity per day (Yee et al., 2014).  

Along with decreasing levels of physical activity, women with breast cancer often 

experience declines in upper body function. Upper body function may be comprised of 

three domains: strength and endurance, mobility, and grip strength (Hayes, Battistutta, & 

Newman, 2005). Though there is no standard for assessing strength in this population due 

to safety concerns with performing a one repetition maximum (1RM), a clinically 
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significant reduction in upper body strength has been reported as a decrease in strength of 

20-25%. Studies that examined grip strength found that women had a 3kg reduction over 

the course of treatment (Sagen, Kaaresen, Sandvik, Thune, & Risberg, 2014). Range of 

motion for shoulder flexion has been shown to decrease by over 20 degrees in 17-24% of 

women (Kootstra et al., 2013; Smoot et al., 2016).  

Overall, studies have shown that women with breast cancer are physically 

inactive, decrease physical activity levels during treatment, and experience reductions in 

upper body function. Studies in the literature have examined a combination of some of 

the variables that comprise upper body function, however, few studies have utilized 

measures for each of these components to assess changes over time. Additionally, only 

one study has assessed subjective functional limitations and physical activity and no 

studies have used physical activity data to predict performance and perceived function 

over time. These studies are also limited in that they have utilized retrospective physical 

activity data, cross sectional study design, or did not perform physical function 

assessments before the start of treatment. Therefore, the purpose of this study was to 

examine changes in strength, shoulder range of motion, perceived function, and physical 

activity over the course of breast cancer treatment. This study also aimed to assess 

physical activity as a predictor of physical function, objective and perceived function, at 

one and two-year follow-up.  
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REVIEW OF THE LITERATURE 

 

Pathophysiology of Breast Cancer 
	

Cancer, a collection of diseases characterized by uncontrolled growth of abnormal 

cells, occurs when cells proliferate to form a tumor. Tumors that are benign and slow 

growing are not considered to be cancerous and cannot spread to other parts of the body. 

Malignant tumors are cancerous and comprised of cells that grow to invade surrounding 

tissues or metastasize to distant areas of the body through the blood or lymph systems 

(American Cancer Society, 2016).  

The term “breast cancer” refers to a subset of cancers with the malignant cells 

originating in the breast tissue. Breast tissue includes fatty and connective tissues of the 

breast along with the lobules, or the milk producing glands, and the ducts, connecting the 

lobules to the nipple. Cancers that begin in the fatty and connective tissues are referred to 

as sarcomas, whereas carcinoma cancers originate in the ducts or lobules (ductal or 

lobular carcinoma). Both types of carcinomas can be classified with the summary system 

as either in situ or invasive. In situ classification describes early-stage cancer that has not 

spread beyond the ducts or lobules in which it has originated (American Cancer Society, 

2016). Ductal carcinoma in situ (DCIS) is typically non-palpable, asymptomatic, and 

discovered through routine mammography (Carraro, Elias, & Andrade, 2014). Due to 

improved mammographic technology, DCIS represents 20-25% of newly diagnosed 

cancers in a wide range of ages with variable prognosis (Ernster et al., 2002). Though 

DCIS is non-lethal with 5-year survival rates of ~99%, it has been shown to be a 

precursor for invasive breast cancer (Carraro et al., 2014). Invasive breast cancer refers to 

mutated cells that have broken through the walls of either the ducts or lobules and spread 
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to surrounding tissue and is classified as invasive ductal carcinoma (IDC) or invasive 

lobular carcinoma (ILC). IDC represents over 80% of the diagnosed cases of breast 

cancer among women in the United States making it the most common form of breast 

cancer (American Cancer Society, 2016).  

In order to determine treatment options and assess prognosis, breast cancer is 

staged to describe the extent or spread of the cancer at the time of diagnosis. The TNM 

system assesses cancer by the size of the tumor (T) and the growth to nearby areas, 

involvement of the lymph nodes (N), and any metastases (M).  These assessments are 

then used to designate a stage number 0-IV. The earliest stage diagnosed, stage 0, refers 

to cancers that are still in situ therefore noninvasive and limited to the layer of originating 

cells. Early stage invasive cancer begins with Stage I with increasing lymph involvement 

and presence of metastases leading to the most advanced stage IV. Summary staging is 

also used to describe breast cancers at diagnosis and has been mostly used in population-

based cancer registries. This staging system categorizes cancers as in situ, similar to 

TNM staging, local, regional, and distant. Local describes cancers that have penetrated 

only the original layer and are contained in the organ of origin whereas regional cancers 

have spread to nearby tissues or lymph nodes in the area of the organ of origin. A 

corresponding TNM staging would allocate local to either stage I or II with regional 

being either stage II or III. A summary stage of distant would refer to the spread to distant 

organs and correspond to a stage IV TNM diagnosis (American Cancer Society, 2016).  
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Epidemiology of Breast Cancer 

 One in eight women in the United States will develop breast cancer over the 

course of her lifetime. While the mean age of diagnosis is 61 years, 19% of breast cancers 

occur in women younger than 50 and 44% occur in those older than 65. Additionally, 

breast cancer accounted for 30% of newly diagnosed cancers in women in 2017 with 

252,710 new cases of invasive breast cancer and 63,410 new cases of non-invasive or in 

situ breast cancer causing it to be the most commonly diagnosed cancer, after skin cancer, 

among women. Due to increasing knowledge of breast cancer and improved screening 

processes, both diagnosis and survival rates are increasing (American Cancer Society, 

2016). It is estimated that as of March 2017 more than 3.1 million women were living 

with a history of breast cancer in the United States, with a projected 4.6 million by 

January 2026. Of all diagnosed cases of breast cancer, 61% are at the localized stage and 

have a 99% 5-year survival rate. When including all stages of breast cancer diagnoses, 

there are 5, 10, and 15-year survival rates of 89%, 83%, and 78% respectively (American 

Cancer Society, 2016).  

Risk factors for breast cancer include older age, benign breast disease, a family 

history of breast cancer in first-degree relatives, reproductive factors (such as nulliparity 

and older age at the time of the first full-term pregnancy), late age of menopause and 

long-term use of postmenopausal hormone-replacement therapy. Though diagnosis rates 

of non-invasive breast cancers such as DCIS increased rapidly in the 1980’s and 1990’s, 

rates stabilized in the early 2000’s and proceeded to decrease by 2% every year until 

2005 (American Cancer Society, 2016). This decrease seen in the early 2000’s was likely 

multifactorial, influenced by factors such as reduced use of postmenopausal hormone 
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therapy, shown to increase risk of heart disease and breast cancer, and improved 

screening techniques and mammography. 

Though there are somewhat conflicting results in the literature, physical activity 

has been indicated as potentially preventative against cancer development. A 

comprehensive review done by the American Institute for Cancer Research concluded 

that there was convincing evidence that physical activity had a protective effect for the 

development of breast cancer (AICR, 2005). Potential mechanisms for this relationship 

include regulation of energy balance and fat distribution, modification of metabolic 

hormones such as insulin and growth factors, and improvement of antitumor immune 

defense and antioxidant defense and DNA repair activity (Abrams & Weil, 2009).  These 

mechanisms may also play a role in secondary prevention of cancer, however the 

evidence to support this is only preliminary.  

Breast Cancer Treatment 

 The treatment of breast cancer is an individualized process that considers a 

person’s age, stage and location of cancer, family history, and hormone receptor status in 

order to determine the most effective plan. Breast cancer treatment can involve local 

therapies such as surgery and radiation and systemic therapies including chemotherapy, 

hormone therapy, and targeted therapy. Depending on the severity of the cancer, and if it 

has metastasized, these treatments can be used alone, or in combination, to best treat the 

cancer. While local therapies aim to remove the cancerous tissue from the breast through 

surgical intervention or radiation, systemic therapies utilize anti-cancer drugs to attack 

mutated cells that may have travelled to other parts of the body. Treatments such as 

chemotherapy, radiation therapy, hormone therapy, and targeted therapy can be delivered 
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before surgery as neoadjuvant therapy to shrink the tumor or after surgery as adjuvant 

therapy to reduce the risk of cancer recurrence. 

Local Therapy: Surgery and Radiation 

 Lumpectomy is an operation to remove the cancer and marginal area of normal 

tissue surrounding the tumor while preserving the breast itself. Depending on the location 

and spread of the cancer, lymph nodes under the arm and chest wall lining may be 

removed in this surgery, as well (“Breast Cancer”). Lumpectomy or partial mastectomy 

surgery is most appropriately used for localized cancers. These surgical interventions are 

considered to be breast conserving surgeries due to the preservation of non-affected 

breast tissue and nipple and, if done well, are shown to be less distressing to a patient due 

to reduced hospitalization and cosmetic and physical deficits (Silva, 2014). In addition to 

breast conserving surgery, patients are often treated with radiation and/or chemotherapy 

in order to completely eradicate any subclinical disease (Yang & Ho, 2013).  

 Contrary to breast conserving surgery, a mastectomy removes all breast tissue, 

skin, and the nipple. Mastectomies can be unilateral, performed solely on the affected 

side where the breast cancer originated, or contralateral, removing both breasts. 

Contralateral prophylactic mastectomy increased from 5% to 30% from 1998 to 2011, 

and, though this treatment eliminates the risk of developing a new breast cancer, it does 

not improve long-term survival rates.  A mastectomy is most appropriate for patients with 

locally advanced staged cancer, large tumors, multiple tumors, prior radiation, or medical 

conditions that prevent radiation therapy. Among women diagnosed with stage III cancer 

in 2013, 48% received treatment in the form of a mastectomy with radiation and 

chemotherapy. While this surgery reduces risk of recurrence, it is more invasive, requires 
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a longer time for recovery, and may lead to further deficits in physical function. Women 

that choose to have a mastectomy instead of breast conserving surgery may also choose 

to undergo reconstruction to rebuild the breast. Reconstruction can be done directly after 

mastectomy or delayed until after any radiation or systemic therapies (American Cancer 

Society, 2016).  

 Many women with either early-stage in situ or invasive breast cancer undergo 

radiation therapy after surgical intervention (Yang & Ho, 2013). Radiation therapy 

utilizes high energy particles or electromagnetic waves from x-rays, gamma ray, 

neutrons, protons, or other sources to kill or shrink tumors (“NCI Dictionary of Cancer 

Terms”). While the decision to undergo radiation therapy is dependent on many factors 

such as lymph node status, tumor size and grade, receptor status, margin width, and 

patient age, it is generally recommended for women with larger tumor size and greater 

lymph node involvement (Lyons & Sherertz, 2014). Adjuvant radiation therapy has been 

shown to reduce local breast cancer recurrence rates, a 54% reduction for 10-year 

survival after surgical intervention for DCIS, and increases breast-cancer specific 

survival (Yang & Ho, 2013). One potential negative side effect of this treatment is death 

of healthy tissue, radial necrosis, caused by radiation therapy (“Comprehensive Cancer 

Information”). 

Systemic Therapy: Chemotherapy, Hormone Replacement, and Targeted Therapy 

 Compared to localized therapies that target the specific area that has been affected 

by cancer, systemic therapy is delivered through the bloodstream to reach cells 

throughout the body. One prominent form of systemic therapy is chemotherapy. 

Chemotherapy is a treatment that utilizes anticancer drugs to stop the growth of cancer 
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cells by killing the cells or stopping them from dividing (“Comprehensive Cancer 

Information”). It is frequently used as adjuvant therapy but may be utilized as 

neoadjuvant therapy, especially in cases of locally advanced cancers with patients 

preferring breast conserving surgery as compared to a full mastectomy. Most times, 

chemotherapy is delivered as repeating cycles lasting 2-6 weeks with variable treatments 

per cycle lasting for a total of 6-months to a year (Rapoport, Demetriou, Moodley, & 

Benn, 2014; “Breast Cancer”). 

 Other forms of systemic therapy include hormone therapy and targeted therapy. 

Hormone therapy adds, blocks or removes hormones in order to treat cancer. It can be 

delivered in the form of synthetic hormones or drugs in order to block the body’s natural 

hormones (“Comprehensive Cancer Information”). This therapy is utilized when tumors 

are positive for either estrogen or progesterone receptors (ER-positive or PR-positive). 

Hormone therapy can be delivered as neoadjuvant therapy to shrink tumors or as adjuvant 

therapy to prevent recurrence after surgery. ER-positive tumors can be treated with drugs 

such as tamoxifen or aromatase inhibitors (“Breast Cancer”). Similar to hormone therapy, 

targeted therapy uses drugs or other substances to identify and attack specific types of 

cancer cells while causing less harm to normal cells of the body. The aim of targeted 

therapy is to block the action of certain enzymes, proteins, or other molecules that are 

involved in the growth and spread of cancer cells along with assisting the immune system 

or delivering toxic substances to kill cancer cells. For example, treatment of tumors with 

an excess of human epidermal growth factor receptor 2 (HER2), approximately 20-25% 

of breast cancers, utilizes targeted therapy to block HER2 and limit tumor growth. 

(“Comprehensive Cancer Information”).  
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Acute and Long Term Effects of Breast Cancer Treatment 

 Though improvements in cancer treatment have increased 5-year survival rates for 

breast cancer, survivorship is not without its own set of challenges. Women often 

experience a variety of both acute and long term symptoms including decreased health-

related quality of life, lymphedema, sarcopenia, arthralgia, fatigue, physical inactivity, 

and reduced physical fitness. 

Decreased Health-Related Quality of Life 

 Health-Related Quality of Life (HRQL) refers to the impact of a disease or 

medical condition on a person’s functional status and well-being (Alfano et al., 2007). A 

longitudinal study examining the relationships between breast cancer diagnosis and 

HRQL found that compared to pre-diagnosis, women with newly diagnosed breast cancer 

had reduced HRQL in terms of pain, physical functioning, health, and vitality. Three-year 

follow-up analysis revealed that most domains of HRQL improved to levels consistent 

with pre-diagnosis and identified social support as a positive predictor of both mental and 

physical HRQL at follow-up (Leung, Pachana, & McLaughlin, 2014). Compared to age-

matched controls and older women with breast cancer, women with breast cancer under 

the age of 50 experience greater reductions in quality of life and depressive thoughts with 

more severe symptoms and concerns regarding early menopause, weight gain, and 

physical inactivity (Howard-Anderson, Ganz, Bower, & Stanton, 2012). 

A population based study on treatment symptoms and quality of life in 1372 

women with stage 0-II breast cancer showed that the most common symptoms of 

treatment included systemic therapy side effects (87.7%), fatigue (81.7%), breast 

symptoms (72.1%), sleep disturbance (57.1%), and arm symptoms (55.6%). Younger age 
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and poorer health status at diagnosis were associated with worse symptoms, while fatigue 

and symptom experience had the greatest impact on overall quality of life (Janz et al., 

2007). Another population based study of 314 women with local, regional, and distant 

cancers indicated fatigue as the strongest predictor of quality of life within function 

scores and overall quality of life (Arndt, Stegmaier, Ziegler, & Brenner, 2006). 

As a result of surgical interventions and/or therapies, over half of the women 

treated for invasive breast cancer will experience long-term upper extremity impairment 

(Smoot et al., 2016). Upper-body morbidity, or alterations in the use and function of the 

upper body, is also thought to contribute to changes in health-related quality of life after 

breast cancer diagnosis. Characterized by a myriad of symptoms such as pain, weakness, 

reduced range of motion, and altered movement patterns, upper-body morbidity can have 

adverse effects on physical and psychosocial health (Hayes et al., 2012).  

Lymphedema 

 One of the most common physical side effects of treatment for breast cancer is 

lymphedema. Lymphedema is caused by a disruption of the lymphatic system that leads 

to an accumulation of fluid and later clinically manifests as swelling of the arm, breast, 

shoulder, neck or torso (Hayes et al., 2012). It can be measured a variety of ways but is 

often measured through water displacement and defined as an increase in arm volume by 

≥10% relative to control arm volume (Sagen et al., 2014). Many studies have examined 

lymphedema after breast cancer treatment, including a US-based study that found 

incidence rates between 43-94% for lymphedema at 60-months post-treatment (Armer & 

Stewart, 2010). Though health-related quality of life improves six months to five years 

after surgery, lymphedema has been shown to be the only morbidity that continues to 
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increase over time (Sagen, Karesen, Sandvik, & Risberg, 2009). Lymphedema is 

frequently associated with changes in shoulder mobility and decreased ability to perform 

activities of daily living, impacting activity participation up to two years after surgery 

(Yang, Kang, Kim, & Lim, 2015). 

Sarcopenia 

 Sarcopenia is characterized by the severe depletion of skeletal muscle and can be 

defined as a proportion lean mass that is two standard deviations below that of a young, 

healthy adult female. It is associated with poor muscle strength, functional impairment, 

and disability in healthy older adults. Those diagnosed with cancer may be more 

susceptible to sarcopenia due to progressive loss of lean tissue, including skeletal muscle 

loss. Generally, sarcopenia in cancer patients is related to treatment failure, chemotherapy 

toxicity, and a shorter time to tumor progression. Due to the likelihood of development 

and the impairments associated with its progression, sarcopenia can play an important 

role in cancer prognosis. The HEAL Study, a longitudinal study of sarcopenia in breast 

cancer survivors, found that 16% of women in the cohort were sarcopenic. These women 

were more likely to be older at diagnosis and have a lower BMI. Sarcopenia was also 

associated with an increased risk of overall mortality compared to those with normal lean 

mass (HR=2.86; 95% CI, 1.67-4.89) resulting in it being an independent predictor of poor 

survival (Villaseñor et al., 2012).  

Arthralgia 

Recent improvements in hormonal therapy such as tamoxifen and aromatase 

inhibitors have increased the likelihood of breast cancer survival and reduced breast 

cancer recurrences. Trials examining the efficacy of aromatase inhibitor use have shown 
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5-35% incidence rates of arthralgia, musculoskeletal symptoms such as joint pain and 

stiffness, leading to 5% of patients discontinuing therapy due to symptoms (Crew et al., 

2010). A cross-sectional study exploring adjuvant aromatase inhibitor therapy found that 

47% of women reported joint pain and 44% of women reported joint stiffness (Crew et 

al., 2007). While the complete etiology of aromatase inhibitor arthralgia is unknown, 

factors that may contribute to the development of arthralgia due to aromatase inhibitor 

use include prior chemotherapy, prior hormone replacement therapy, and increased 

weight gain (Hershman, Loprinzi, & Schneider, 2015). Aromatase inhibitor use has been 

shown to significantly prolong survival and time to recurrence as well as significantly 

reduce distant metastases and contralateral breast cancers; however, musculoskeletal 

symptoms such as arthralgia must be considered for long-term treatment adherence 

(Howell et al., 2005). 

Results of a prospective study examining the effects of aromatase inhibitor use in 

300 women undergoing treatment for breast cancer found that 30% of women reduced 

physical activity since initiation of aromatase inhibitor therapy. Additionally, women that 

had a history of aromatase inhibitor associated musculoskeletal problems were twice as 

likely to report decreased physical activity than those without musculoskeletal symptoms 

translating to an odds ratio of 2.29 (95% confidence interval 1.36-3.86). Beyond the 

reduction in physical activity, women reporting musculoskeletal symptoms had poor 

performance on physical function measures of the lower extremities (WOMAC), hands 

(M-SACRAH), and shoulder (Quick DASH). Decreases in these physical function 

measures were also associated with decreased physical activity (Brown et al., 2014).  
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Fatigue 

 One of the most common and distressing symptoms of breast cancer treatment, 

regardless of tumor size and stage, is fatigue. The term “fatigue” refers to subjective 

sensations of tiredness, weakness, and/or lack of energy that persist despite adequate 

sleep and rest periods and affects functioning and quality of life (Berger, Gerber, & 

Mayer, 2012; Kluthcovsky et al., 2012). While cancer-related fatigue is often reported to 

be caused by adjuvant therapy, fatigue may antedate treatment and be caused by the 

tumor itself (Berger et al., 2012). This phenomenon may persist for years after 

completion of adjuvant therapy regardless of disease state and is prevalent in 58-94% of 

women with breast cancer, 56-95% of women that have received adjuvant chemotherapy, 

and 38% of breast cancer survivors (Berger et al., 2012; Kluthcovsky et al., 2012). The 

cause of cancer-related fatigue is multifactorial and can be difficult to isolate, especially 

when breast cancer survivors have other comorbid conditions. Among 1800 

postmenopausal breast cancer survivors, 93% had 1 or more comorbid conditions with 

hypertension, heart disease, and diabetes being most commonly reported (Berger et al., 

2012). Fatigue has also been shown to be associated with pain, dyspnea, sleeping 

problems, depression, weight gain, physical inactivity, and comorbidities such as arthritis 

and hypertension (Kluthcovsky et al., 2012). 

 When compared to age-matched controls, women with stage I-III breast cancer 

that were scheduled to begin chemotherapy had worse sleep quality, more fatigue, and 

more disrupted circadian rhythms at baseline. At follow-up, cycle 4 of chemotherapy, the 

same women showed more fatigue and more disrupted circadian rhythms compared to 

their own baseline levels. While fatigue returned to baseline level at 1-year follow-up, it 

did not reach that of the control women (Ancoli-Israel et al., 2014). Further research 
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examining fatigue through a three-dimensional structure of physical, emotional, and 

mental fatigue in 308 breast cancer patients also found that younger women were most 

strongly affected (Fuhrmann, Mehnert, Geue, & Hinz, 2015).  

Physical Inactivity 

 Physical inactivity is associated with common symptoms of cancer treatment, and 

there is an overall decrease in physical activity among women with breast cancer. In a 

retrospective/prospective study of changes in physical activity over breast cancer 

treatment, women reported a mean of 30 MET-hours/week before diagnosis with slight 

decreases over the course of treatment (Alfano et al., 2007). Similarly, a retrospective 

analysis of physical activity changes during breast cancer treatment found that women 

decreased total weekly physical activity from diagnosis to 4-12 months after diagnosis by 

0.6-2.6 hours while sedentary time per week increased by 3.0-4.8 hours, depending on 

stage of cancer at diagnosis. This corresponded to an overall statistically significant 

decrease in physical activity of approximately 2 hours or 11% (Irwin et al., 2003).  

A population based study of weight change and physical activity among breast 

cancer patients revealed that women reduced moderate to vigorous physical activity from 

baseline to 6-month follow-up by 1.28 hours, translating to approximately 9.40 MET-

hours/week, with the greatest decrease in recreational physical activity such as running or 

jogging and exercise classes. While all women experienced declines in physical activity 

over the course of treatment, those with more advanced cancer reported greater declines 

in weekly physical activity at 6-month follow-up (Kwan et al., 2012). Compared to 

healthy, age-matched controls, women with a history of metastatic breast cancer reported 

significantly less physical activity and performed 56% less physical activity per day with 
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an average step count of 5,434 steps/day compared to the 9,635 steps/day of the control 

women (Yee et al., 2014). 

With increasing use of devices to measure sedentary and active time, self-report 

questionnaires have been questioned in terms of their value (Troiano, 2012). However, 

the Godin Leisure-Time Physical Activity Questionnaire (GLTPAQ) has been used in 

other breast cancer cohorts to determine self-reported physical activity and is the most 

frequently used questionnaire in oncology research to classify active versus inactive 

individuals (Amireault, 2016). Scores on the GLTPAQ are calculated through a weighted 

sum of days with 30 minutes of mild, moderate, or strenuous physical activity and can 

range from 0 to 119. Total physical activity among breast cancer patients has been 

reported as a score of 34.2 for women 10.6 months after diagnosis (Amireault, Godin, 

Lacombe, & Sabiston, 2015). Though the weighting of this formula aims to relate days 

per week to metabolic equivalents, this formula does not have a direct unit of measure 

associated with the total physical activity score. Using this formula, a calculated total 

physical activity score of ≤23 indicates low physical activity. Accelerometer and 

GLTPAQ data showed 70.8% agreement in classifying women with breast cancer as 

active and this self-report measure can be used to classify cancer survivors into activity 

categories in reference to physical activity guidelines (Amireault, 2015). Agreement in 

these measures indicates the usefulness of self-report measures such as the GLTPAQ in 

determining physical activity behavior but does not eliminate the need for objective 

assessments of physical activity via accelerometer. 
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Reduced Aerobic Capacity 

 Likely a combination of direct and indirect effect of treatment, a decline in 

physical fitness is associated with the reduction in physical activity leading to 

deconditioning (Courneya et al., 2007). Reduced aerobic capacity occurs in women at all 

stages of breast cancer treatment and has the potential to persist even 7 years after the 

completion of therapy. Myocardium cells have limited regenerative capability making the 

heart susceptible to permanent adverse effects of chemotherapy ranging from arrhythmias 

to myocardial infarction (Floyd et al., 2005).  

A cross sectional analysis of cardiopulmonary function in breast cancer patients 

revealed that women with breast cancer had 27% lower VO2 max compared to healthy, 

sedentary, age-matched controls. While VO2peak varied depending on the time since 

diagnosis, 32% of the entire cohort had a relative VO2peak less than 15.4 mL/kg/min 

required for functional independence (Jones et al., 2012). Changes in relative VO2peak 

over the course of treatment showed women experienced a 1.6 mL/kg/min decrease in 

VO2 from baseline to 3-4 weeks after finishing chemotherapy (Courneya et al., 2007). A 

systematic review of studies reporting VO2max values found that women with breast 

cancer began treatment with VO2max values 17% lower than those of healthy individuals 

and decreased by approximately 10%, 2.4 mL/kg/min, over the course of adjuvant 

therapy. After completing adjuvant therapy, the weighted mean VO2max for the cancer 

patients was 25% lower than healthy individuals (Peel, Thomas, Dittus, Jones, & 

Lakoski, 2014; Yee et al., 2014). 

Though VO2max may provide the most accurate assessment for aerobic fitness, 

field tests such as the 6-minute walk test (6MWT) provide a practical approach to 
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measuring fitness as well as functional ability. The 6MWT has been found to be 

correlated with VO2 and more accurately reflects an individual’s ability to perform 

activities of daily living. A meta-analysis of measures of aerobic capacity for women 

with breast cancer found that women undergoing treatment had 6MWT scores 

corresponding to the 25th percentile for community-dwelling adults (Neil-Sztramko et al., 

2014). 

Cancer and its treatment causes a myriad of consequences among women 

undergoing therapy including lymphedema, sarcopenia, arthralgia, fatigue, physical 

inactivity, and reduced aerobic capacity all contributing to decreased health-related 

quality of life. Physical inactivity and deconditioning reduce muscle function and aerobic 

capacity while lymphedema, joint pain and stiffness, and fatigue further exacerbate upper 

limb dysfunction. The interplay of these individual symptoms lead to changes in physical 

function that affect a patient’s ability to perform activities of daily living and overall 

perception of quality of life.  

Physical Function 

 Upper limb dysfunction is frequently reported as a result of surgical trauma and/or 

radiation therapy in the early stages of breast cancer treatment. This dysfunction can lead 

to upper body impairment, functional limitations, and disability due to arthralgia, 

lymphedema, reduced activity tolerance, and decreased strength and range of motion 

(Hayes et al., 2012). Studies of upper body limitation among women with breast cancer 

report high prevalence of limitations through both self-reported disability or direct 

physical measurements. Upper body function is frequently broken down into three 
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domains: strength and endurance, grip strength, and shoulder mobility (Hayes et al., 

2005).  

Upper Body Strength and Endurance 

In addition to impaired aerobic capacity, women that have undergone treatment 

for breast cancer also experience regressions in muscular fitness such as strength, 

endurance, and power (Neil-Sztramko et al., 2014). Research has shown that healthy 

individuals lose muscular endurance after only 2 weeks of physical inactivity, though this 

effect may be exaggerated in chronic disease populations. Declines in muscular fitness 

may be due to both lean tissue degradations from decreased protein synthesis and 

increased protein catabolism during cancer treatment. As a result of these declines, 

muscle and muscle fiber cross-sectional area are decreased, muscle extensibility is lost, 

and muscles’ oxidative potential are reduced (Schneider, Hsieh, Sprod, Carter, & 

Hayward, 2007). While a decrease in muscle fitness is expected during treatment, many 

women exhibit greater than normal reductions in muscular strength (Springer et al., 

2010). 

Changes in upper body muscular fitness has been measured and reported in a 

variety of ways in the literature. Though one of the best ways to assess muscular strength 

is through a 1RM, few studies in this population utilize this method. One study done by 

Merchant et al. (2008) that tested 1RM for shoulder protractors, extensors, and retractors 

found that these muscle groups showed significant weakness on the affected side 

compared to the unaffected side (Merchant, Chapman, Kilbreath, Refshauge, & Krupa, 

2008). This study was limited, though, in that it was cross-sectional and the assessments 

were performed at least 6 months after surgery.  
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Due to safety concerns, many other studies have used submaximal protocols to 

estimate changes in strength. Protocols range from upright row and shoulder press 

incremental exercise protocols to manual muscle tests for the flexors, abductors, and 

internal and external rotators to handheld dynamometry (Hayes et al., 2005; Kootstra et 

al., 2013; Springer et al., 2010). There is no standard for assessing changes in upper body 

strength and endurance in this population, however, a reduction in strength by 20-25% 

has been deemed clinically significant (Hayes et al., 2012; Kootstra et al., 2013). 

Grip Strength 

Grip strength is frequently used as an assessment for estimating upper body 

strength. Hayes et al. (2005) found that there was a moderate association between upper 

body strength and endurance, measured through an incremental exercise protocol, and 

hand grip strength. This same study, however, did not find a clinically significant 

decrease in hand grip strength while there was a significant decrease in upper body 

strength and endurance (Hayes et al., 2005). Sagen et al. (2014) defined a clinically 

significant difference in grip strength as a decrease of 3 kg. Participants in this study that 

had undergone axillary lymph node dissection showed reductions in grip strength of 3.16 

kg and 3.14 kg on the affected and control sides, respectively, whereas women with 

sentinel lymph node biopsy did not have significantly reduced grip strength (Sagen et al., 

2014). However, when compared to healthy, age-matched controls, women with a history 

of metastatic disease had significantly lower handgrip strength, 26.2 kg vs. 30.2 kg, 

respectively. Though the women with metastatic disease had significantly higher BMI 

than the healthy controls, the differences between groups maintained after adjusting for 

BMI (Yee et al., 2014). 
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Shoulder Mobility 

 Curative treatments for breast cancer frequently lead to reductions in the 

movement of the shoulder joint through its full range of motion (ROM). Changes in 

shoulder flexion and abduction lead to difficulty in activities of daily living such as 

zipping clothes, combing hair, and carrying objects (Mirandola et al., 2014). The most 

common assessment of shoulder mobility is through direct measure of the degrees of 

shoulder joint range of motion utilizing a goniometer. Functional tests of shoulder 

mobility have been used to assess joint range of motion, as well. These tests have the 

potential to provide insight on function limitations over time but may not accurately 

reflect the actual mobility of a joint. For example, participants in a study by Sagen et al. 

(2014) were instructed to perform functional tasks to demonstrate flexion, extension and 

inward rotation, abduction and outward rotation, and adduction and inward rotation to 

mimic activities of daily living with performance scored as a percentage of the ability to 

reach the pre-defined position. This study reported differences between axillary lymph 

node dissection (ALND) and sentinel lymph node dissection (SLND) but no change in 

SLND patients’ functional mobility over treatment (Sagen et al., 2014).  

Studies utilizing direct measures of joint range of motion through goniometry 

reported significant differences in flexion between affected and control sides after 

surgery (Hayes et al., 2005; Kootstra et al., 2013). When examining range of motion 

changes from pre- to post-surgery, there is some disagreement in results for reported 

changes in mean postoperative shoulder flexion. At 12-months post-surgery, Smoot et al. 

(2016) reported 4.0% and 16.6% of the women had ≥20 degrees of restriction in flexion 

and abduction, respectively, while Kootstra et al. (2013) reported 24% of women had a 
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clinically significant reduction in shoulder abduction (Kootstra et al., 2013; Smoot et al., 

2016). Though there is no set standard for clinically significant changes in range of 

motion, a reduction in shoulder range of motion by 15-20 degrees or a decrease of 10% 

or more from baseline range of motion are generally considered to be clinically 

significant decreases in shoulder mobility (Kootstra et al., 2013; Rafn et al., 2018; 

Tengrup, Tennvall-Nittby, Christiansson, & Laurin, 2000).  

Perceived Function 

 Perceived function reflects the person’s perceived ability to participate in 

activities of daily living without difficulty. These activities may include tasks such as 

walking a half of a mile, lifting items more or less than ten pounds, and moving arms to 

pick up objects from the floor or a shelf. Measures of perceived function allow for 

qualitative assessment of treatment-related changes in physical function through the 

patient’s perspective. Perceived function should not replace, but rather, be used in 

conjunction with objective measures of physical function to indicate specific areas of 

change over time and the impact those may have on health-related quality of life.  

There are a wide array of self-report questionnaires used to assess subjective 

physical function among women with breast cancer of which the most common are the 

Disability of the Arm, Shoulder, and Hand (DASH), the Functional Assessment of 

Cancer Treatment, Breast questionnaire (FACT-B), and select questions from the 

Framingham Disability Study (Braithwaite et al., 2010; Hayes et al., 2005; Sagen et al., 

2014; Yang et al., 2015). Hayes et al. (2005) found that there was an association between 

scores on the DASH and measures of upper body strength and endurance, shoulder 

flexion, and grip strength with values from the affected side correlating more strongly 
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with the questionnaire scores. Shoulder impairment, measured by the DASH, has been 

shown to increase over the first 12 months post treatment and decreased between 12 and 

24-month follow-up (Yang et al., 2015). Women reporting more functional limitations 

based on questions from the Framingham Disability Study were more likely be less 

physically active and more likely to die of breast cancer and competing causes resulting 

in adjusted hazard ratios of 1.4 for overall mortality and 2.6 for competing-cause 

mortality (Braithwaite et al., 2010).  

Assessments of upper body strength, grip strength, shoulder mobility, and 

perceived function are integral to understanding the impact of cancer-related symptoms 

such as lymphedema, sarcopenia, arthralgia, and fatigue. Physical inactivity, which is 

frequently associated with negative outcomes of cancer treatment, is a key contributor to 

each domain of upper limb dysfunction. Therefore, physical activity interventions 

throughout treatment should be utilized to prevent declines in physical function.  

Physical Activity Interventions in Breast Cancer Survivors 

 Physical activity has the potential to impact breast cancer outcomes in a variety of 

ways, depending on the time point at which it is assessed. The Framework Physical 

Exercise Across the Cancer Experience (PEACE), presented originally by Courneya and 

Friedenreich (2001) divides the cancer experience into 6 time points and 8 cancer control 

outcome. These include prevention and detection (pre-diagnosis) and buffering, coping, 

rehabilitation, health promotion, palliation, and survival (post-diagnosis) (Courneya & 

Friedenreich, 2001). The purpose of creating this framework was to addresses the 

potential time points in cancer treatment where physical activity can impact cancer 

control. The Framework PEACE can be seen in Figure 1.  
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Figure 1: Framework PEACE 

 

  

Studies have utilized this framework in order to create the most effective and 

targeted physical activity interventions for specific time points in the cancer continuum. 

For example, a study conducted during adjuvant therapy may aim to maintain physical 

activity levels throughout treatment as a protective mechanism for cancer-related fatigue. 

However, a study conducted after the completion of treatment among breast cancer 

survivors may target physical activity through rehabilitation to regain strength. The 

purpose of the physical activity intervention is inherently dependent on the time point at 

which it is being delivered.  

A number of studies have assessed the effects of physical activity both during and 

after breast cancer treatment in order to attenuate acute and long term cancer-related 

symptoms. The Supervised Trial of Aerobic versus Resistance Training (START) 

randomized women undergoing adjuvant therapy for breast cancer to usual care, 

supervised aerobic exercise, or resistance exercise. Those in the exercise interventions 

maintained disease free survival longer than the control women; however, six-month 

follow-up revealed that there were no differences between exercise and control groups in 

aerobic exercise minutes per week. Women assigned to the strength training intervention 
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continued to perform strength training activities more than women in the other two 

groups (Courneya et al., 2007).  

Similarly, another study examining physical activity 12-months after a strength 

training exercise intervention found that women in the intervention group were more 

likely to do resistance training than women in the control group. These women also 

reported similar levels of total physical activity at 12-month follow-up when compared to 

the control group. Regression analyses revealed that menopausal status, breast problems 

at baseline, and physical activity prior to diagnosis were the most significant predictors of 

physical activity at 12-month follow-up (Schmidt, Wiskemann, Ulrich, Schneeweiss, & 

Steindorf, 2017).  

Multiple Cochrane reviews of physical activity interventions among breast cancer 

patients found that exercise interventions ranged from 2 to 24 months, with most lasting 

between 8-12 weeks, involving aerobic and/or resistance training exercise. Physical 

activity was found to have a significant effect on improvements in health related quality 

of life, perceived physical function, and cardiorespiratory fitness (Lahart, Metsios, Nevill, 

& Carmichael, 2018). Exercise interventions were also found to result in clinically 

meaningful improvements in shoulder mobility (McNeely et al., 2010). While these 

results are promising, the heterogeneity of interventions and outcome measures and risk 

of bias in trials requires caution when drawing conclusions about the true effect of 

physical activity on health-related outcomes (Lahart et al., 2018). 

Limitations 

 There are a variety of limitations in the research on physical activity and physical 

function in women with breast cancer. The most common limitation in the literature is 
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that of varying baseline time points and study follow-up time. Studies often begin 

assessing “baseline” function from 2 days to up to 3 years after surgical intervention 

(Neil-Sztramko et al., 2014). This does not depict a true baseline of physical functioning 

before the onset of treatment effects and makes it difficult to establish causation. Study 

follow-up duration also significantly varies in the literature. Follow-up periods for 

prospective studies range from 6 months to 10 years with inconsistent lengths of time 

between visits. The combination of varied “baseline” time points and the varied length of 

follow-up time lead to the inability to generalize results between studies as well as 

establish true causation. 

Though there are many studies examining changes in physical function over the 

course of breast cancer treatment, few studies examine these variables in relation to 

physical activity without an exercise intervention. Additionally, there are some studies 

that list physical inactivity as exclusion criteria (Neil-Sztramko et al., 2014). Studies that 

examine physical activity participation during breast cancer treatment have used a wide 

array of assessment techniques and tools. Many studies utilize retrospective assessments 

of physical activity that ask participants to report physical activity prior to cancer 

diagnosis. These measurements are often an inaccurate representation of physical activity 

due to bias. Additionally, physical activity questionnaires also often group aerobic and 

resistance type activities together in a general “recreational” physical activity category 

(Kwan et al., 2012). Finally, many studies do not examine objective measurements of 

strength and mobility in conjunction with assessments of perceived function. This limits 

the ability to determine the impact of changes in strength and shoulder mobility on 

perceived function.  
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Other limitations in the literature include exclusion of women with more 

advanced cancer, small sample size, and cross sectional study design. These limitations, 

in combination with a wide array of assessment tools, “baseline” assessment time points, 

and duration of follow-up time, create a heterogeneic body of literature with few direct 

causal relationships between physical activity and measures of strength, range of motion, 

and perceived function during cancer survivorship. 

Objectives 

This thesis analyzes data from the Strength and Range of Motion Study at the 

Breast Care Clinic at Wake Forest Baptist Medical Center. The overall objective of this 

larger study was to prospectively examine changes in upper body strength and shoulder 

mobility from pre-surgery through survivorship within a cohort of women with breast 

cancer. This study built on the current body of literature by examining a large sample of 

women with a wide range of stages of breast cancer at diagnosis. For the current study, 

assessments of physical function were measured at baseline before any type of surgical or 

adjuvant therapy intervention and repeated over the first two years to assess changes 

through survivorship.  

This study has two main objectives. First, this study examined changes in 

objective function via bicep curl, grip strength, shoulder flexion and abduction and 

changes in perceived function via self-report from pre-surgery to 1-year and 2-year 

follow-up. The second objective was to examine whether levels of total physical activity 

predicted physical function across the 2-year follow-up period. 	  
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METHODS 

 

Overview of the Study 

 The data used in this prospective cohort study were part of a larger study 

assessing strength and range of motion among women in the Breast Care Clinic, part of 

the Comprehensive Cancer Center at Wake Forest Baptist Medical Center.  Study staff 

were present at weekly surgical oncology meetings as well as during normal Breast Care 

Clinic hours of operation to identify eligible individuals. Patients were deemed eligible 

for the study by physician referral if they were female, first occurrence of breast cancer 

(Stage 0-IV), and scheduled to have surgery at the Comprehensive Cancer Center. 

Eligible patients were approached at the end of their clinic visit to identify interest in 

participation. Ineligibility criteria for this study included upper body physical immobility 

and recurrent breast cancer. Women that were not diagnosed with cancer after their 

surgery were removed from the cohort. Interested participants were asked to read and 

sign the informed consent as approved by the Wake Forest Baptist Medical Center 

Institutional Review Board (See Appendix A). Data collection for this study began in 

2004 and was performed by graduate students in the Department of Health and Exercise 

Science at Wake Forest University. Graduate students each attended clinic for a 1-year 

period and were trained by the current Project Manager to encourage consistent testing 

protocols throughout the study period. Recruitment was closed in 2017, however, follow-

up assessments through treatment and survivorship are ongoing.  
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Measures and Procedures 

 Participants who agreed to participate in this study were tested at baseline during 

their visit to the Breast Care Clinic before undergoing treatment or surgery. Testing time 

points for the larger study included baseline (pre-surgery), 6, 12, 18, 24, 30, 36, 42, and 

48-months post-surgery. Follow-up visits after 48 months were completed for women 

that had transferred care to the Cancer Survivorship Clinic through Wake Forest Baptist 

Medical Center. The current study includes data from pre-surgery, up to one-year follow-

up, and up to two years follow-up combining data from the 6 and 12-month, and 18 and 

24-month follow-up visits. The baseline assessment occurred at the end of the 

participant’s first appointment at the Breast Care Clinic, and the post-surgery assessments 

were completed during the scheduled surgical oncologist appointments. Follow-up 

appointments may not have been scheduled at exactly 6, 12, 18, or 24-months, but were 

arranged to fit as closely as possible to the scheduled time line within a month of the 

intended time-point. Participants in this study may have continued follow-up 

appointments with surgical oncologists up to 5-year post-surgery, transferred follow-up 

care appointments to the Survivorship Clinic associated with the Breast Care Center, 

discontinued visits soon after surgery to receive treatment closer to home, or discontinued 

visits for undisclosed reasons.  

 The testing procedure at the pre-surgery baseline visit was repeated at all post-

surgery follow-up visits. Prior to meeting with participants, study staff gathered 

demographics and other treatment related information through medical records. 

Assessment visits began with an interview style assessment of self-reported physical 

activity participation and perceived function, phrased as a physical function difficulty 
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scale, questionnaires. Physical activity and perceived function were consistently assessed 

prior to measuring anthropometrics, shoulder range of motion, and grip strength. All 

visits concluded with the bicep curl test to reduce the potential for fatigue in other 

assessments. The data collection form for baseline and follow-up testing visits is included 

in Appendix B.  

Demographic and Health History 

 Personal information such as name, medical record number, and age were 

collected from the Breast Care Clinic staff. Study staff also had access to obtain medical 

and health history information from the participant’s medical records. Information 

gathered from medical records included race, type of surgery, adjuvant therapy treatment, 

and stage of cancer. Participants were asked to identify the “affected side” or the primary 

side of cancer diagnosis where the surgery took place and their dominant hand. 

Anthropometrics 

 Participants were weighed wearing indoor clothing without shoes on a digital 

beam scale in pounds, which were later converted to kilograms. Height was measured 

using a portable stadiometer, in centimeters, without shoes. Weight and height were used 

to calculate the participant’s body mass index (BMI) by dividing weight (kilograms) by 

height (meters) squared. Waist circumference was measured following the guidelines set 

forth by the National Heart, Lung, and Blood Institute: on the skin at the level of the iliac 

crest, using a tension regulated tape measure. Two trials for measurement of waist 

circumference were done for each participant and the average of the two trials was 

determined. The two trials were to be within 0.5 cm of one another or a third 

measurement was taken.  
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Physical Activity Participation 

 Study staff utilized the Godin Leisure-Time Physical Activity Questionnaire 

(GLTPAQ) to determine participants’ physical activity levels. Participants were 

interviewed to determine the frequency, intensity, duration, and types of typical weekly 

physical activity over the last month. Frequency of aerobic activity, in days per week, 

was determined by assessing the number of days participants completed at least 30 

minutes of physical activity in a particular intensity: mild, moderate, or strenuous. Mild 

intensity physical activity is characterized by activity that could be easily prolonged for a 

period of time without feeling fatigued, including activities such as a light walk. 

Moderate physical activity was defined as activity that may cause a participant to breathe 

faster or experience moderate fatigue after a shorter period and was equated to activity 

such as a brisk walk. Strenuous physical activity was described as any activity that would 

cause the participant to breathe heavily and sweat, experience rapid fatigue, and could 

only be sustained for a brief period of time. Activities given as examples of strenuous 

physical activity included running and swimming strongly. Participants were asked to 

identify the number of days they completed 30 minutes total of the activity, either all at 

once or in 10 minute bouts. The number of days of physical activity participation for each 

intensity was used to calculate a weighted sum of total physical activity per week to be 

used in analyses. 

Bicep Curl 

 Bicep curl was measured through an 8-10 repetition submaximal test. The tester 

began by demonstrating proper bicep curl form with arm close to the side moving only 

the forearm to bring the weight close to the shoulder. Participants used a 3 pound weight 
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to demonstrate correct bicep curl form, before choosing a weight that felt safe for 

performing a maximum of 8-10 repetitions. Weight options for the bicep curl ranged 

from 5 to 17.5 pounds. Study staff remained close to the participant during the test in 

order to remove the weight or assist the participant if necessary. Termination criteria for 

this test included utilizing the body or shoulder muscles to assist in the movement of the 

weight, the inability to lift the weight, or the participant choosing to end the test. For 

analysis, the weight chosen and number of repetitions were multiplied to reflect bicep 

curl volume.  

Isometric Grip Strength 

 Grip strength was measured with a hand-held dynamometer (Jamar® Plus+ 

Digital Hand Dynamometer, Lafayette Instrument®, Lafayette IN, USA). Participants 

were instructed to maximally squeeze the dynamometer for 2 to 3 seconds before 

releasing. Two trials were performed on each side, starting on the affected side and 

alternating with the opposite side. The participant performed this test while seated with 

the arm held close to the body, elbow bent at a 90-degree angle, and palms facing their 

sides with wrist in a midprone position. The tester recorded the force in kilograms and the 

higher of the two scores was used for analysis.  

Shoulder Mobility 

 Active shoulder range of motion for flexion and abduction was determined with a 

goniometer. Participants were asked to start with palms facing their sides (midprone) and, 

keeping their arm straight, raise it forward and upward as high as possible. Study staff 

recorded the degrees of flexion by placing the axis of the goniometer at the head of the 

humerus with the stable arm perpendicular to the ground and in line with the participant’s 
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torso and the mobile arm in line with the humerus pointing toward the lateral epicondyle 

of the elbow joint. Similarly, shoulder abduction was measured by asking the participant 

to start with palms facing outward (supine) and, keeping their arm straight, raise it to the 

side and upward as high as possible. The axis of the goniometer was placed on the 

acromion process of the scapula with the stable arm perpendicular to the ground in line 

with the torso and the mobile arm in line with the humerus pointing toward the lateral 

epicondyle of the elbow joint. Both shoulder flexion and abduction range of motion were 

measured in degrees. The participants were given two trials for each test, and the average 

of these was used in analysis.  

Perceived Function  

 Perceived function was determined through a composite questionnaire, utilizing 

items from the Framingham Disability Study (Jette & Branch, 1981). Participants were 

asked about a variety of activities of daily living to determine the level of difficulty they 

had while performing certain tasks. Responses were then rated on a 5 point Likert scale 

from no difficulty to a lot of difficulty with the option of not performing a task on 

Doctor’s orders. Tasks included in the questionnaire were items such as standing in place 

for 15 minutes or more, walking a half mile, reaching arms above shoulder level, and 

lifting items less than or more than 10 pounds. A response in alignment with a task not 

being performed on Doctor’s orders was given the lowest rank of functioning in order to 

most accurately reflect the participant’s functional impairment at the time of assessment. 

The scores for each question were then summed to create a composite perceived function 

score with a higher score reflecting a higher level of perceived function with less 
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impairment. Scores ranged from 0 to 32 with a score of 0 indicating a lot of difficulty and 

poor function and a score of 32 indicating no difficulty with function. 

Analytic Plan 

 Data were analyzed using SPSS Statistical Software and checked for normality 

through visual inspection. Means, standard deviations, medians, and minimum and 

maximum values were calculated at baseline, year 1, and year 2 follow-up for each of the 

variables of interest: bicep curl weight and volume, grip strength, shoulder flexion and 

abduction, physical activity days per week and total, and perceived function. Due to 

concerns of normality, bivariate Spearmen correlations were then used to determine 

relationships between the variables prior to surgery. Following baseline correlation 

analyses, change over time was assessed through either paired t-tests or Wilcoxon tests, 

in the event of non-normal distribution. These analyses were used to determine 

differences between baseline and year 1 or year 2 follow-up measures of strength, 

shoulder mobility, physical activity, and perceived function. Change over time was 

further explored through individual raw change over time as bar charts. Each 

participant’s change in a given variable over the first year of treatment was graphed in 

order to visually represent changes in physical activity and physical function. In addition 

to raw change scores over the first year of treatment, residualized change scores for 

function and physical activity were also calculated in order to represent change over the 

first year of treatment while controlling for baseline scores.  

 Following analyses of change over time, bivariate Spearman correlations were 

used to assess relationships among the variables of interest at year 1 and year 2 follow-up 

visits to determine whether or not the correlations at baseline continued through 
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treatment. In addition to the relationships among the variables at individual time points, 

correlation analyses were used to examine the relationships among residualized change 

scores for physical function from baseline to year 1 and perceived function at year 2 

follow-up. These relationships would more accurately reflect the relationships among 

variables that changed over the same period of time. Finally, linear regression analyses 

were performed to determine whether baseline physical activity was associated with 

perceived function and performance on objective physical function measures across 

treatment. Regression analyses controlled for age and BMI at diagnosis and adjuvant 

therapy. Significance was assumed if p < 0.05.  
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RESULTS 

 

Baseline Participant Characteristics 

The participants (n=400) in this study were female with ages (M = 57.1 years, SD 

= 11.9) ranging from 23 to 87 years old at baseline. Women in this cohort were on 

average overweight or obese with an average body mass index (BMI) of 29.2 kg/m2 ± 

6.16). BMI ranged from 16.1 to 53.3 kg/m2. The sample was primarily White (86.3% 

White, 12.7% African American, and 1.1% Hispanic). Stage of breast cancer was 

determined according severity and ranged from Stage 0 (DCIS) to Stage IV. The most 

prevalent stage in this sample was Stage I (45.6%) followed by Stage II (26.3%), Stage 0 

(18.8%), Stage III (8.9%), and Stage IV (0.5%). Most women included in the study 

received breast conserving surgery (54.4% lumpectomy and 1.0% excisional biopsy) 

while 29.1% had a mastectomy and 15.5% had a bilateral mastectomy. In addition to 

surgery, 72.6% received some type of adjuvant therapy (29.3% radiation therapy only, 

22.0% chemotherapy only, and 21.2% both radiation therapy and chemotherapy). No 

adjuvant therapy was received by 27.4% of the cohort. The majority of the sample were 

right hand dominant pre-surgery (90.1% right hand and 9.6% left hand dominant) while 

cancer diagnosed affected side was more evenly distributed (51.0% right side, 46.4% left 

side, and 2.3% bilateral). At a mean follow-up time of 94 months (SD = 39.6 months; 

range = 20-161 months) since pre-surgery/baseline, 89.2% of the women were still alive. 

See Table I for all participant characteristics.  
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Table I: Baseline Participant Characteristics 
n = 400 women 

Age (years) 
 Mean (SD) 57.1 (11.9) 
 Range 23-87 
   
BMI (kg/m2)   
 Mean (SD) 29.2 (6.2) 
 Range 16.1-53.3 
   
Race (%) 
 White 86.3% 
 African American 12.7% 
 Hispanic 1.1% 
   
Surgery (%) 
 Excisional Biopsy 1.0% 
 Lumpectomy 54.4% 
 Mastectomy 29.1% 
 Bilateral Mastectomy 15.5% 
   
Adjuvant Therapy (%) 
 Radiation 29.5% 
 Chemotherapy 22.0% 
 Both Radiation and Chemotherapy 21.2% 
 No Adjuvant Therapy 27.4% 
   
Stage of Cancer (%) 
 Stage 0 18.8% 
 Stage I 45.6% 
 Stage IIA 18.0% 
 Stage IIB 8.3% 
 Stage IIIA 7.6% 
 Stage IIIB 1.3% 
 Stage IV 0.5% 
   
Affected Side (%) 
 Right 51.0% 
 Left 46.4% 
   
Hand Dominance (%) 
 Right 90.1% 
 Left 9.6% 
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Baseline Physical Activity and Physical Function 

 At baseline, the women in this study were physically inactive. The mean days per 

week of mild, moderate, and strenuous physical activity (PA) were 2 ± 2.7 days/week, 1 

± 2 day/week, and less than 1 ± 1.1 day/week respectively. The mean total score for the 

GLTPAQ at baseline was 15.8, indicating low physical activity. Assessments of self-

reported physical function indicated that the women in the cohort had relatively high 

levels of functioning at baseline (M = 30.3, SD = 2.9).  

 Objective measures of physical function were performed on both sides of the 

body, but only data for the affected side were analyzed for this study. Muscular strength 

was assessed via the bicep curl and isometric grip strength tests. The weight chosen most 

often for the bicep curl test at baseline was 10 lbs (34.5%) with the average number of 

repetitions being 9 ± 2.1. For the purpose of this study, bicep curl volume was calculated 

by multiplying weight by repetitions to account for variance in weight chosen. The 

average bicep curl volume for the cohort at baseline was 85.3 ± 31.8. Isometric grip 

strength on the affected side ranged from 9.0 to 40.5 kg with an average of 24.8 ± 5.8 kg. 

Average flexion was 163.4 ± 14.6 degrees ranging from 105.0 to 180.0 degrees, and 

average abduction was 163.1 ± 14.2 degrees ranging from 108.5 to 180.0 degrees. Due to 

non-normality of the data, means, standard deviations, median, minimum and maximum 

for all variables of interest are reported in Table II. 
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Table II: Pre-Surgery Physical Activity and Physical Function 
n = 400 women 

 
Variables Mean SD Median Minimum Maximum 

Bicep Curl Weight (lbs) 9.5 3.1 10.0 3.0 17.5 

Bicep Curl Volume (lbs*reps) 85.3 31.8 72.0 9.0 255.0 

Grip Strength (kg) 24.8 5.8 24.0 9.0 40.5 

Flexion (degrees) 163.6 14.6 165.5 105.0 180.0 

Abduction (degrees) 163.1 14.2 163.0 108.5 180.0 

Mild PA (day/week) 2.2 2.7 0.0 0.0 7.0 

Moderate PA (day/week) 1.3 2.0 0.0 0.0 7.0 

Strenuous PA (day/week) 0.3 1.1 0.0 0.0 7.0 

Godin Leisure-Time PA Score 15.8 19.6 9.0 0.0 119.0 

Perceived Function 30.3 2.9 32.0 14.0 32.0 

 

 

Baseline Correlations 

 Spearman’s correlations were performed in order to determine the relationships 

between the different measures of objective physical function and self-report perceived 

function at baseline. Perceived function was significantly correlated with all objective 

measures of physical function (bicep curl, grip strength, flexion, and abduction) at 

baseline. Total physical activity was also significantly correlated with perceived function 

(rs = .175, p < 0.01) as well as being significantly related to measures of strength. Bicep 

curl was significantly related to perceived function (rs = .393, p < 0.01) and physical 

activity (rs = .203, p < 0.01). The two measures of strength, bicep curl and grip strength, 

were moderately correlated with rs = .406 (p < 0.01). The two measures of shoulder 
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mobility were highly correlated with rs = .730 (p < 0.01). All correlation values for the 

variables at baseline can be seen in Table III. 

 

Table III: Baseline Correlates of Physical Function 

Variables 1 2 3 4 5 6 7 

1. Age 1.00       

2. BMI .084 1.00      

3. Total PA -.019 -.175** 1.00     

4. Bicep Curl -.327** .114* .203** 1.00    

5. Grip Strength -.359** -.047 .159** .406** 1.00   

6. Flexion -.265** -.164* -.046 .231** .224** 1.00  

7. Abduction -.260** -.151* .030 .273** .229** .730** 1.00 

8. Perceived 
Function -.294** -.218** .175** .393** .338** .155** .183** 

*p<0.05; **p<0.01 

 

Change Over Time 

 To date, 233 women have returned for year 1 follow-up and 152 have returned for 

year 2 follow-up post-surgery. Means, standard deviations, median, minimum, and 

maximum values for year 1 and year 2 visits are presented in Table IV and Table V, 

respectively. Paired t-tests for normal and Wilcoxon for non-normal data were used to 

examine the change in physical function over time.  

The women remained on average overweight or obese at year 1 and year 2 (My1 = 

29.1 ± 5.9 kg/m2; My2 = 29.1 ± 5.6 kg/m2). The average total activity score at year 1 was 

14.1 ± 9.0 and well below qualifications for very low activity levels. However, total 

physical activity score at year 2 follow-up appeared to increase to an average of 18.8 ± 
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17.8. There were no significant changes between baseline and year one or year two total 

physical activity (py1 = 0.874; py2 = 0.315). 

 Objective assessments of physical function including bicep curl volume, isometric 

grip strength, shoulder flexion, and shoulder abduction were measured again at both year 

1 and year 2 follow-up visits. Mean bicep curl volume was 81.9 ± 35.2 in the first year 

and 79.4 ±31.5 in the second year. Bicep curl volume was not significantly different from 

baseline to either year 1 or year 2 follow-up visit (ty1 = .358, py1 = .721; ty2 = 0.101,  

py2 = 0.920). Grip strength decreased significantly from baseline to year 1 and baseline to 

year 2. Mean year 1 grip strength was 23.1 ±5.9 kg (t = 4.669, p < 0.01) and year 2 grip 

strength was 22.8 ± 5.9 kg (t = 3.595, p < 0.01). Both measures of shoulder mobility, 

flexion and abduction, were significantly different from baseline at year 1 and year 2 

follow-up. The average flexion for year 1 and 2 were 155.7 ± 19.2 degrees (t = 6.605, p < 

0.01) and 153.5 ± 19.3 degrees (t = 6.844, p < 0.01), respectively. The average abduction 

for years one and two were 156.7 ±18.5 degrees (t = 4.789, p < 0.01) and 155.6 ± 16.6 

degrees (t = 4.546, p < 0.01). Perceived function assessments were significantly different 

from baseline perceived function but did not change between year 1 (p = 0.016) and year 

2 (p = 0.004) follow-up (My1 = 29.5 ± 3.8; My2 = 29.5 ± 3.5). These mean scores reflect 

little to no functional difficulties, however, perceived difficulty ranged from 13 – 32 at 

year one and 11 – 32 at year two.  
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Table IV: Year 1 Physical Activity and Physical Function 
n = 233 

 
Variables Mean SD Median Minimum Maximum 

Bicep Curl Volume (lbs*reps) 81.9 35.2 70.0 18.0 225.0 

Grip Strength (kg) 23.1* 5.9 23.0 8.0 42.0 

Flexion (degrees) 155.7* 19.2 158.5 52.5 188.0 

Abduction (degrees) 156.7* 18.5 157.5 65.0 181.5 

Godin Leisure-Time PA Score 14.1 17.11 9.0 0.0 119.0 

Perceived Function 29.5* 3.8 31.0 13.0 32.0 

*Change from baseline to year 1 follow-up; p < 0.01 
 
 
 

Table V: Year 2 Physical Activity and Physical Function 
n = 152 

 
Variables Mean SD Median Minimum Maximum 

Bicep Curl Volume (lbs*reps) 79.4 31.5 70.0 18.0 192.0 

Grip Strength (kg) 22.8* 5.9 23.0 5.5 40.5 

Flexion (degrees) 153.5* 19.3 154.5 67.0 180.0 

Abduction (degrees) 155.6* 16.6 157.0 80.0 180.0 

Godin Leisure-Time PA Score 18.8 17.8 10.0 0.0 119.0 

Perceived Function 29.5* 3.5 31.0 11.0 32.0 

 *Change from baseline to year 2 follow-up; p < 0.01 
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 To investigate heterogeneity in the functional changes following treatment, 

individual raw change scores for total physical activity, bicep curl strength, grip strength, 

flexion, abduction, and perceived function were calculated for each participant to record 

individual changes over the first year of treatment. These scores are depicted in Figures 

2-7. Each variable examined showed three groups of women: those that increased, those 

that maintained, and those that decreased over the first year of treatment.  

 
Figure 2: Raw Change Scores for Physical Activity over Year 1 

 

 
 
 

Figure 3: Raw Change Scores for Bicep Curl Volume over Year 1 
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Figure 4: Raw Change Scores for Grip Strength over Year 1 
 

 
 
 
 

Figure 5: Raw Change Scores for Shoulder Flexion over Year 1 
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Figure 6: Raw Change Scores for Shoulder Abduction over Year 1 
 

 
 

 
Figure 7: Raw Change Scores for Perceived Function over Year 1 
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Correlates of Physical Function 

Year 1 Correlations  

Correlations at year 1 among total physical activity and physical function were 

similar to those at baseline. Bicep curl volume was most strongly correlated with 

perceived physical function (rs = .408, p < 0.01), the strongest correlation between 

variables after shoulder flexion and abduction (rs = .804, p < 0.01). Physical activity and 

perceived function were also correlated at year one (rs = .239, p < 0.01). Age was related 

to perceived function (rs = -.133, p < 0.05) but not to physical activity, and the weakest 

correlation between the variables and perceived function was BMI (rs = -.129). All 

correlation values for year 1 are presented in Table VI.  

 

Table VI: Year 1 Correlates of Physical Function 

Variables 1 2 3 4 5 6 7 

1. Age 1.00       

2. BMI .060 1.00      

3. Total PA -.121 -.198** 1.00     

4. Bicep Curl -.261** .105 .279** 1.00    

5. Grip Strength -.210** .025 .166* .323** 1.00   

6. Flexion -.198** -.109 -.016 .261** .199* 1.00  

7. Abduction -.190** -.109 .078 .302** .183** .804** 1.00 

8. Perceived 
Function -.133* -.129 .239** .408** .349** .232** .302** 

*p<0.05; **p<0.01 
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Year 2 Correlations 

Increasing age was significantly correlated with a decrease in bicep curl volume, 

grip strength, flexion, and abduction. Additionally, the relationship between total physical 

activity and BMI was moderately correlated (rs = -.381, p < 0.01) with a higher BMI 

being linked to lower levels of physical activity. Though the correlations among the 

objective and subjective measures of physical function remained significant, the 

correlation values became smaller and not as strongly correlated in the second year of 

follow-up. Physical activity remained as a significant correlate with perceived function  

(rs = .198, p < 0.05) but was not as strongly correlated as it had been in year one. The 

objective measures of physical function remained moderately, and significantly, 

correlated with one another, with the strongest correlation remaining between shoulder 

flexion and abduction (rs = .765, p < 0.01). All correlation values for year 2 are presented 

in Table VII. 

 
Table VII: Year 2 Correlates of Physical Function 

Variables 1 2 3 4 5 6 7 

1. Age 1.00       

2. BMI .042 1.00      

3. Total PA -.048 -.381** 1.00     

4. Bicep Curl -.260** -.091 .159 1.00    

5. Grip Strength -.361** .111 .135 .451** 1.00   

6. Flexion -.384** -.138 .109 .325** .187* 1.00  

7. Abduction -.338** -.198* .108 .335** .161 .765** 1.00 

8. Perceived 
Function -.220** -.153 .198* .335** .274** .315** .277** 

*p<0.05; **p<0.01  
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Residualized Change Scores Correlations 

Residualized change scores were calculated to determine the difference between 

the measured and the expected value from baseline to one-year follow-up visit. These 

scores were then used to examine the relationships among changes in PA, bicep curl, and 

perceived function over the first year and physical function at year 2 follow-up. 

Correlates of function were examined with Spearman correlation (see Table VIII). Bicep 

curl change was most significantly related to perceived function, correlating with both 

change in perceived function over the first year (rs = .219, p < 0.05) as well as perceived 

function at year 2 follow-up (rs = .237, p < 0.05). Residualized change in total physical 

activity over the first year was significantly correlated with each type of physical activity, 

however, it was most strongly related to change in moderate physical activity  

(rs = .649, p < 0.05) indicating that a decrease in moderate physical activity was most 

related to overall reductions in physical activity as well as change in perceived function 

over the first year of treatment (rs = .150, p < 0.05). All correlation values for year 2 

perceived function and residualized change scores are presented in Table VIII. 

 
Table VIII: Correlates of Residualized Change and Physical Function 

Variable 1 2 3 

1. Δ Total PA 1.00   

2. Δ Perceived Function .150* 1.00  

3. Δ Bicep Curl .065 .219* 1.00 

4. Year 2 Perceived Function .144 .096 .237* 

*p<0.05  
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Predictors of Physical Function 

 Linear regression analyses were performed on each of the physical function 

variables (bicep curl volume, grip strength, shoulder flexion and abduction, and perceived 

function) to determine the predictive ability of baseline function and physical activity for 

year one and two follow-up function. Regressions were adjusted for age and BMI at 

diagnosis and type of adjuvant treatment received (chemotherapy, radiation therapy, or 

both versus no adjuvant therapy). Beta values for baseline measures, physical activity, 

and years one and two physical function are presented in Tables IX and X, respectively. 

Baseline performance on objective function measures and perceived physical function 

difficulty were significant predictors of corresponding function measures at both years 

one and two follow-up assessments. Baseline physical activity was a significant predictor 

of bicep curl volume at year one (β = .254, p < 0.01) and year two (β = .304, p < 0.01) as 

well as grip strength at year one (β = .146, p < 0.01). Physical activity as a predictor of 

year two shoulder flexion was not statistically significant (β = .134, p = .083). Though 

significant for objective measures of physical function (bicep curl volume and strength), 

physical activity was not a significant predictor of perceived function at year one or year 

two follow-up.  
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Table IX: Predictors of Physical Function at Year 1 Follow-up 

Variable Baseline Measure (β) Baseline PA (β) 

Bicep Curl .445** .254** 

Grip Strength .632** .146** 

Shoulder Flexion .397** .068 

Shoulder Abduction .423** .030 

Perceived Function .481** -.073 

*p < 0.05; **p < 0.01 

 

Table X: Predictors of Physical Function at Year 2 Follow-up 

Variable Baseline Measure (β) Baseline PA (β) 

Bicep Curl .420** .304** 

Grip Strength .720** .014 

Shoulder Flexion .398** .134 

Shoulder Abduction .357** -.019 

Perceived Function .469** .038 

*p < 0.05; **p < 0.01 
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DISCUSSION 

Breast cancer is the second most common type of cancer among women, and 

improvements in screening, diagnosis, and treatment have led to more women surviving 

this chronic disease. However, survivorship comes with its own challenges that are yet be 

fully understood. Breast cancer and its treatment lead to many negative consequences 

such as lymphedema, sarcopenia, arthralgia, fatigue, physical inactivity, and reduced 

aerobic capacity. Physical inactivity and increased sedentary time contributes to declines 

in muscle function, range of motion, and aerobic capacity. These cancer-related 

symptoms manifest in the form of limitations in physical function including, but not 

limited to decreased upper body strength, grip strength, shoulder mobility, and perceived 

function.  

Though prior research has examined physical activity as an intervention for 

women with breast cancer, few studies have examined the changes that occur in physical 

activity and physical function over treatment without intervention (Lahart et al., 2018; 

McNeely et al., 2010). Many studies have also neglected to examine perceived function 

in conjunction with objective measures of function that may collectively impact health-

related quality of life. Furthermore, there is a lack of evidence in the literature to explain 

the impact of physical activity participation on these variables in a large sample of 

women with a range of breast cancer diagnoses. Therefore, the main objectives of this 

study were to analyze changes in physical activity and both objective and perceived 

physical function over time and to determine whether physical activity participation 

predicted changes in physical function over the first 2 years of breast cancer treatment.  
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Sample Characteristics 

Baseline participant characteristics revealed that the women included in this study 

were primarily White (86.3%) and middle aged (M = 57.1 years, SD = 11.9) but 

represented a wide age range of 23 to 87 years. The most common stage of breast cancer 

severity in this sample was Stage I (45.6%) with most women receiving breast conserving 

surgery (54.4% lumpectomy). Women in this study were primarily overweight with an 

average BMI of 29.2 kg/m2 and reported only 2 days per week of mild physical activity 

in addition to low baseline GLTPAQ scores. Few women included in this study reported 

functional limitations prior to surgery.  

Baseline characteristics of this sample were representative of women included in 

prior studies of breast cancer: primarily white, non-Hispanic aged between middle to late 

50’s with a BMI categorized as overweight or obese. The women in this study and in the 

body of literature also had primarily localized breast cancer (Braithwaite et al., 2010; 

Hayes et al., 2005; Sagen et al., 2014; Yang et al., 2015). These samples reflect national 

norms with most cancers being diagnosed in women 50 years old and older and localized 

cancers, or stages I and IIa, making up 62% of new breast cancer diagnoses (Alfano et al., 

2007; “Breast Cancer,” n.d., “CDC - Breast Cancer Statistics,” 2017).  

Women in this sample were more physically inactive than women included in 

analysis of validity for the Godin Leisure-Time Physical Activity Questionnaire 

(Amireault et al., 2015). Bicep curl volume as a measure of upper body strength has not 

been used previously in the literature, making it difficult to compare baseline values. 

Median grip strength, used more commonly as an assessment of upper body strength, of 

this sample was lower than median grip strength reported in a systematic review of 
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physical function after breast cancer diagnosis, 27.7 kg versus 24.0 kg (Neil-Sztramko et 

al., 2014). Shoulder mobility prior to surgery was comparable to both healthy individuals 

and women with breast cancer prior to treatment and fell within normal limits of range of 

motion for flexion and abduction (Rafn et al., 2018; Vairo, Duffey, Owens, & Cameron, 

2012). A prior study that used a perceived function scale similar to that in the current 

study found that 39% of women reported at least 1 functional limitation at baseline. 

Though similar to the prevalence of limitations reported in this study, 44% of women 

with at least some difficulty at baseline, the baseline assessments for the previous study 

were performed an average of 21 months after adjuvant therapy was completed  

(Braithwaite et al., 2010).  

Change over Time Among Variables of Interest 

Physical function was assessed through bicep curl volume, grip strength, shoulder 

flexion and abduction, and perceived function. Previous studies utilizing assessments of 

strength and shoulder mobility found decreases in upper body strength and endurance 

between affected and unaffected sides as well as decreases over time for these measures 

(Hayes et al., 2005; Sagen et al., 2014). Similar to the previous literature, women in this 

study had significant decreases in grip strength, shoulder flexion and abduction, and 

perceived function from baseline to year one and baseline to year 2 follow-up.  Though 

mean changes in grip strength and shoulder mobility were statistically significant, they 

did not reach criteria for being clinically meaningful differences: 3kg decrease in grip 

strength, 15-20° reduction in range of motion for shoulder flexion or abduction (Kootstra 

et al., 2013; Rafn et al., 2018; Sagen et al., 2014; Tengrup et al., 2000). Studies that 

utilized the DASH Questionnaire to determine perceived function limitations found 
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increases in functional limitations within the first year of treatment (Hayes et al., 2005; 

Yang et al., 2015). Prior research that had examined the trajectory of perceived function 

through self-report measures found that though impairments had improved through a 2 

year follow-up period, activity limitations and participation had not returned to baseline 

levels (Yang et al., 2015). The current study reflects similar results with a significant 

decrease in perceived function from baseline to year 1 and no improvement in perceived 

function at year 2 follow-up.  

Dissimilar to the literature, women in this sample did not experience declines in 

upper body strength as measured by the bicep curl test. A systematic review of studies 

examining upper body strength in women with breast cancer found that women 

undergoing treatment for breast cancer had reduced strength assessed via 1RM bench 

press compared to population norms (Neil-Sztramko et al., 2014). Within this sample of 

women there was not a significant change in upper body strength over the course of 

treatment which may be due to the length of time from baseline to follow-up testing and 

the chosen measure of muscular strength. To our knowledge, this is the only study to 

examine bicep curl volume as a measurement of upper body strength and this makes it 

hard to directly compare to previous findings. Additionally, prior studies that found 

significant or clinically meaningful changes in strength after treatment examined strength 

through cross-sectional analysis and determined differences through comparison to the 

“control” or unaffected arm which does not fully capture change in strength over the 

course of treatment (Hayes et al., 2005; Merchant et al., 2008).  

Physical activity over the first 2 years of follow-up also did not follow the same 

patterns as those in the body of literature. Though many studies have reported reductions 
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in physical activity per week by approximately 1.3-2.0 hours post treatment, this study 

found no significant change in physical activity from baseline to year 1 or to year 2 and 

directly opposes the current literature that supports a progressive decline in physical 

activity after treatment (Irwin et al., 2003; Kwan et al., 2012). The only study that is in 

agreement with the findings of this study, utilized a retrospective self-report 

questionnaire. Women in the study reported maintaining levels of moderate and vigorous 

activity throughout treatment (Alfano et al., 2007). However, due to the low levels of 

moderate and vigorous activity at baseline, women could conceivably maintain this low 

level of physical activity. The lack of change in physical activity throughout treatment 

may be due, in part, to the assessment used to assess physical activity participation. 

Though the GLTPAQ has been validated as a way to categorize breast cancer survivors 

as active or inactive, it may be less sensitive to changes within women that are already 

sedentary (Amireault et al., 2015).  

Changes in physical activity and physical function were characterized further 

through graphical representation of raw change scores from baseline to year one in 

physical activity, bicep curl volume, grip strength, shoulder flexion, shoulder abduction, 

and perceived function. Each of these variables revealed that women responded 

differently to treatment with some decreasing physical function and physical activity over 

the first year, as reported in the literature, while others either maintained or increased 

physical function and physical activity participation. Women predominately declined, 

rather than maintained or improved, in physical function when operationally defined as 

either grip strength or shoulder mobility. Over 30% of the cohort experienced clinically 
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meaningful decreases in grip strength of 3kg or more, while 27% of women had clinically 

meaningful decreases of ≥15° for shoulder mobility.  

Almost 40% of the women included in this study decreased physical activity over 

the first year of treatment. Moreover, these graphs represent an individual response to 

cancer treatment. To our knowledge, this is the first study to examine change in 

individuals rather than only in mean change for the group or cohort and therefore there is 

no standard for comparison. Contrary to studies that call for normative values of change, 

the discrete raw change scores reported in this study reveal the difficulty of creating an 

“expected” change in physical function over the course of treatment for breast cancer. 

These changes in response to cancer treatment should be further examined in order to 

establish the mechanisms of physical function change. Individual factors such as severity 

of cancer, adjuvant therapies used and duration of treatment, social support, fatigue, 

lymphedema, and arthralgia may all contribute to changes in physical function. 

Understanding the role that these factors play in changes in physical activity and physical 

function can provide insight for improving adherence to treatment and health-related 

quality of life through survivorship.   

Correlations Among Physical Activity and Physical Function 

Objective assessments of physical function were significantly associated with 

perceived function at baseline and throughout treatment, reaffirming the relationship 

between objective measures of physical function and perceived function. A study that 

utilized the DASH to determine perceived function found that increased functional 

limitations were significantly correlated with the objective measures of physical function 

including upper body endurance, grip strength, and shoulder flexion. Objective measures 
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of physical function were negatively correlated with higher scores on the DASH, 

indicating that more functional limitations corresponded with lower grip strength and 

shoulder mobility (Hayes et al., 2005). This was in alignment with our findings in that a 

better score for objective physical function measures corresponded to higher levels of 

perceived function with less limitations, however this study revealed stronger correlations 

among bicep curl volume and grip strength measures with perceived function than the 

prior study. The stronger correlation between bicep curl and perceived function, in 

particular, may be due to the specific questions used to determine limitations, e.g. 

difficulty in lifting items more or less than 10 pounds.  

While both the objective measures of physical function and the subjective 

measure of perceived function aimed to assess physical function throughout treatment, 

these measures were not expected to be perfectly correlated. The assessment for 

perceived function measured overarching functional abilities through the perspective of 

each individual participant. Objective measures provide insight for specific changes in 

physical function components such as strength and mobility over the course of treatment, 

however, perceived function may more accurately represent the effect that these changes 

have on a patient’s every day life. It is ultimately these changes that impact an 

individual’s ability to perform activities of daily living and, in turn, health-related quality 

of life. Furthermore, tasks included in this measure encompassed more than upper body 

function and addressed tasks such as walking and standing. The addition of these tasks 

gathers a more comprehensive view of physical function than the objective assessments 

of physical function could alone. A stronger correlation may be seen with examining 
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bicep curl volume and perceived difficulty in lifting an item more or less than ten pounds 

because these questions focus on similar actions to that of the bicep curl.  

Physical activity was also correlated with all aspects of physical function at 

baseline and year 1. Only one study in the literature has utilized a measure of perceived 

function with similar questions to those used in this study. Women in the aforementioned 

study with functional limitations were less likely to be physically active than those 

without limitations (Braithwaite et al., 2010). Physical activity in the current study was 

positively correlated with perceived function indicating that women that reported higher 

levels of physical activity also perceived less functional difficulties with certain tasks. 

This supports current literature that higher scores of functional limitations on the 

questionnaire from the Framingham Disability Study correspond with lower levels of 

physical activity (Braithwaite et al., 2010).  

Predicting Physical Function over Time 

Baseline performance on assessments of physical function significantly predicted 

physical function at both year 1 and year 2 follow-up. Previous literature examining 

changes in physical function over time indicates that function prior to surgery is most 

strongly related to physical function at follow-up (Irwin et al., 2003; Kootstra et al., 

2013). Studies that have used physical activity as a predictor in regression analyses have 

focused on breast cancer specific outcomes such as recurrence, mortality, and breast 

symptoms. These studies have revealed physical activity as a significant predictor of 

health-related quality of life and both breast cancer specific and all-cause mortality (Irwin 

et al., 2003; Lahart, Metsios, Nevill, & Carmichael, 2015). However, these studies did 
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not begin assessments prior to surgery nor did they evaluate objective or perceived 

function as outcomes in their analyses.  

The current study is the first to use physical activity prior to surgery as a predictor 

of physical function, both objective and perceived, over the first 2 years of treatment. 

Women in the current study that were physically active at baseline maintained bicep curl 

volume and grip strength throughout treatment. Physical activity at baseline did not 

significantly predict perceived function at year 1 or 2 follow-up. Due to the lack of prior 

research in this area, it is difficult to interpret these results in the context of the current 

body of literature. Both this study and other current interventional research on physical 

activity and its impact on perceived function indicate the need for a more in depth 

understanding of functioning and mechanisms of change across the cancer continuum.  

Strengths and Limitations 

This study had many strengths including the prospective study design, pre-surgery 

baseline assessments, 2-year follow-up time, and large, representative sample. Grip 

strength tests were performed using a validated protocol, and shoulder mobility was 

measured through goniometry to determine changes in range of motion. Also, objective 

measures of physical function were administered in conjunction with perceived function 

to fully capture functional changes over the first 2 years of breast cancer treatment. To 

our knowledge, no other studies have examined individual raw change scores in physical 

function and physical activity over the first year of treatment. This study also adds to the 

literature by examining physical activity as a predictor of perceived function over the 

course of breast cancer treatment.  
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Despite the many strengths, this study was not without limitations. The sample 

size at baseline was large, however, it was not a diverse sample. Most women in this 

study were White with Stage I cancer, undergoing breast conserving surgery, and 

receiving adjuvant therapy. The results of this study may not be generalizable for women 

of other races or with more advanced stages of cancer. Sample size reduced from baseline 

to year 1 and year 2. The reduction in sample size from baseline to year 2 follow-up is 

due in part to some women not having completed 2 years of treatment at the time of 

analyses. Women included in this study may have resided in other states, moved during 

treatment, or transferred care to a clinic closer to home for the remainder of this study. 

Additionally, there were barriers within the clinic that may have prevented study staff to 

complete follow-up testing including physician’s declining participation due to 

advancements in cancer or recurrence. The loss to follow-up in this study is a limitation 

and may have caused some selection bias with the women included in year 1 and 2 

analyses. Descriptive statistics on participant characteristics at baseline reveal that 

women that were not included in analyses were similar to the women included in this 

study and to the total sample. Though the women that were not included in analyses did 

appear to be slightly more physically active at baseline, a total PA score of 18.2 would 

still categorize them as being physically inactive. Table XI includes the baseline 

descriptive statistics for each group and the total sample for age, race, BMI, percentage 

with stage I cancer, physical activity, and perceived function. 
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Table XI: Total Sample Characteristics 

Variable 
Not in Analyses 

n = 137 
In Analyses 

n = 263 
Total Sample 

n = 400 
Age (M years) 54.8 58.34 57.2 
Race (% White) 84.2 87.3 86.3 
BMI (M kg/m2) 28.9 29.4 29.2 
Total PA (M) 18.2 14.7 15.8 
Perceived Function (M) 30.4 30.2 30.3 
Stage of Cancer (% Stage I) 38.8 48.7 45.6 

 

This study utilized data from 6, 12, 18, and 24-month follow-up visits to capture 

data within each time fame: specifically, data from 6- and 18-month visits were only used 

if 12- and 24-month data was unavailable, respectively. However, these time points may 

correspond with differences in function not accurately represented at year 1 or year 2. 

Future studies should examine these time points individually to more accurately represent 

changes during treatment.  

Finally, there were disadvantages to some of the assessments used in this study. 

Bicep curl volume, though a safe assessment of muscular strength in this population, is 

not as accurate as a one repetition maximum test for assessing changes in muscular 

strength. Changes seen in bicep curl volume may not represent changes in muscular 

strength as well as an assessment of elbow flexion using a handheld dynamometer. This 

would also reduce variation due to the amount of weight chosen by the participant and 

create a more comparable measure. Also, the GLTPAQ, though frequently used in this 

population to classify women as active or inactive, is a retrospective, self-report physical 

activity assessment. The benefit to this type of questionnaire is the ease of use in a 

clinical setting where the goal is to maximize the amount of information gained on 
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activity and function while minimizing the amount of time needed to assess these areas. 

This assessment also reflects physical activity as a behavior through days of specific 

intensity physical activity per week. However, the GLTPAQ cannot replace the 

quantitative assessment of physical activity through accelerometry. Ideally, these 

measures would be used in combination to assess physical activity objectively with 

minutes of activity at specific intensities and subjectively as a behavior with days of 

physical activity per week. Used together, these assessments can identify whether or not 

women are participating in the physical activity that they believe they are doing.  

Finally, this study did not control for the stage of cancer at diagnosis or the 

presence of lymphedema or arthralgia in the regression analyses. Because of the 

deleterious effects of lymphedema and arthralgia on physical function, these may have 

contributed to changes in physical function and reduced the significance of physical 

activity as a predictor of physical function during treatment. With the impact of cancer 

itself on fatigue and physical function still unknown, the severity of cancer at diagnosis 

may play a role in not only the level of physical activity prior to surgery but also the 

changes in physical activity and physical function over the course of treatment. Those 

with lower levels of physical activity at the pre-surgery time point may begin to recover 

with treatment onset and be able to complete more physical activity after a year of 

treatment. These factors should be considered in future studies for predicting physical 

function across treatment.  

Future Directions and Implications 

The larger study from which this data was analyzed is ongoing and data collection 

will continue to examine physical activity and physical function throughout survivorship. 
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Continuing to follow this same cohort will allow further examination of changes in 

physical function over time. This study provides a starting point for future prospective 

and intervention studies for breast cancer patients and survivors. These analyses indicate 

separate trajectories through breast cancer treatment among individuals, with women 

responding to treatment in different ways. A greater understanding of the long term 

effects of breast cancer and its treatment can be developed through continued assessments 

of upper body strength, grip strength, shoulder mobility, and perceived function. Further 

research in this area should examine these groups of women to determine the underlying 

factors that contribute to individual change over time and target mechanisms of change in 

physical function to develop more effective physical activity interventions in randomized 

controlled trials.  

The increasing number of breast cancer survivors substantiates a need to 

understand survivorship and its associated challenges. Reductions in strength, mobility 

and perceived function contribute to the impact that cancer has on survivors’ overall 

health and quality of life. Though research in this area continues to grow, the mechanisms 

behind changes in upper body function are still not well understood. Reductions in 

physical activity throughout treatment may play a role in physical function, but these 

trajectories have the potential to differ between women undergoing treatment. 

Assessments both pre- and post-surgery, with continuing assessments into survivorship, 

allow researchers to evaluate the most appropriate time for interventions in larger 

randomized controlled trials as well as focus on specific areas of improvement. 

Interventions should target increasing physical activity levels during adjuvant therapy to 



62 
 

attenuate losses in strength and shoulder mobility to maintain physical function through 

breast cancer survivorship.  

Though the results in the current study are important for developing targeted 

interventions in this population, one of the most substantial findings is the potential for 

physicians and other members of a patient’s care team to use these measures to recognize 

changes in physical function during adjuvant therapy. All assessments included in this 

study were performed within a visit at the surgical oncology clinic without taking time 

away from the rest of the appointment. This indicates the feasibility for incorporating 

physical function assessments as a part of a regular visit. The additional insight derived 

from changes in upper body strength, shoulder mobility, and perceived function would 

allow physicians to further understand a patient’s individual response to treatment and 

best optimize quality of life throughout survivorship. 
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APPENDIX A 

WAKE FOREST UNIVERSITY SCHOOL OF MEDICINE  
WINSTON-SALEM, NC 

 
INFORMED CONSENT 

 
Breast Clinic Strength and Flexibility Assessment 

Shannon L. Mihalko, Ph.D., Principal Investigator 
Edward Levine, M.D., Co-Principal Investigator 

Introduction 
You are invited to participate in a research study. Research studies are designed to gain scientific 
knowledge that may help other people in the future. You may or may not receive any benefit from 
being part of the study. There may also be risks associated with being part of research studies. You 
are being asked to take part in this study because you are going to be treated at the Breast Clinic at 
Wake Forest University Baptist Medical Center (WFUBMC). Your participation is voluntary. 
Please take your time to make your decision, and ask your study doctor or the study staff to explain 
any words or information that you do not understand. You may also discuss the study with your 
friends and family. 

Why Is This Study Being Done? 
The purpose of this research study is to determine the effects that breast surgery has on arm range 
of motion, upper body strength, and physical activity participation.  We will also examine how each 
of these things are related to each other. 

How Many People Will Take Part in the Study? 
About 275 people at this breast clinic will take part in this study. 

What Is Involved in the Study? 
When you visit the Breast Clinic before surgery and as part of your usual follow-up visits here 
(starting 6 months after surgery), you will undergo a test of your shoulder flexibility, your upper 
body strength (grip and bicep curl), your waist circumference, and you will be asked questions 
about your physical function and physical activity participation. 

How Long Will I Be in the Study? 
You will be in the study for about 2 years or until you discontinue follow-up visits to the Breast 
Clinic. 

What Are the Risks of the Study? 
The risk of harm or discomfort that may happen as a result of taking part in this research study is 
not expected to be more than in daily life or from routine physical examinations or tests.  You 
should discuss the risk of being in this study with the study staff. Risks and side effects related to 
the procedures we are studying include: mild muscle soreness and fatigue.   

Are There Benefits to Taking Part in the Study? 
You are not expected to receive any direct benefit from taking part in this research study. We hope 
the information learned from this study will benefit people in the future. 
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What Other Choices Are There? 
You do not have to be in this study to receive treatment. The alternative to participation in this 
study is not participating.   

What about the Use, Disclosure and Confidentiality of Health Information? 
By taking part in this research study, your personal health information, as well as information that 
directly identifies you, may be used and disclosed.  Information that identifies you includes, but is 
not limited to, such things as your name, address, telephone number, and date of birth.  Your 
personal health information includes all information about you which is collected or created during 
the study for research purposes. It also includes your personal health information that is related to 
this study and that is maintained in your medical records at this institution and at other places such 
as other hospitals and clinics where you may have received medical care.  Examples of your 
personal health information include your health history, your family health history, how you 
respond to study activities or procedures, laboratory and other test results, medical images, and 
information from study visits, phone calls, surveys, and physical examinations. 
 
Your personal health information and information that identifies you (“your health information”) 
may be given to others during and after the study. This is for reasons such as to carry out the study, 
to determine the results of the study, to make sure the study is being done correctly, to provide 
required reports and to get approval for new products.   
 
Some of the people, agencies and businesses that may receive and use your health information are 
the institutional review board; representatives of Wake Forest University Health Sciences and 
North Carolina Baptist Hospital. 
 
Some of these people, agencies and businesses may further disclose your health information. If 
disclosed by them, your health information may no longer be covered by federal or state privacy 
regulations.  Your health information may be disclosed if required by law. Your health information 
may be used to create information that does not directly identify you. This information may be used 
by other researchers. You will not be directly identified in any publication or presentation that may 
result from this study. 
 
If this research study involves the treatment or diagnosis of a medical condition, then information 
collected or created as part of the study may be placed in your medical record and discussed with 
individuals caring for you who are not part of the study. This will help in providing you with 
appropriate medical care.  In addition, all or part of your research related health information may 
be used or disclosed for treatment, payment, or healthcare operations purposes related to providing 
you with medical care. 
 
When you sign this consent and authorization form you authorize or give permission for the use of 
your health information as described in the consent form. This authorization does not have an 
expiration date. You can revoke or take away your authorization to use and disclose your health 
information at any time. You do this by sending a written notice to the investigator in charge of the 
study at the following address: 

Shannon L. Mihalko, Ph.D. 
P.O. Box 7868 Reynolda Station 
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Winston-Salem, NC 27109 
If you withdraw your authorization you will not be able to be in this study. If you withdraw your 
authorization, no new health information that identifies you will be gathered after that date. Your 
health information that has already been gathered may still be used and disclosed to others. This 
would be done if it were necessary for the research to be reliable. You will not have access to your 
health information that is included in the research study records until the end of the study 

What Are the Costs? 
There are no costs to you for taking part in this study. All the study costs will be paid for by the 
study. Costs for your regular medical care, which are not related to this study, will be your own 
responsibility. 

Will You Be Paid for Participating? 
You will receive no payment or other compensation for taking part in this study. 

What Are My Rights as a Research Study Participant? 
Taking part in this study is voluntary. You may choose not to take part or you may discontinue 
participation in the study at any time. Refusing to participate or leaving the study will not result in 
any penalty or loss of benefits to which you are entitled. The investigators also have the right to 
stop your participation in the study at any time.  You will be given any new information we become 
aware of that would affect your willingness to continue to participate in the study. 

Whom Do I Call if I Have Questions or Problems? 
For questions about the study or in the event of a research-related injury, contact the study 
investigator, Shannon L. Mihalko at 336-758-1945. 
 
The Institutional Review Board (IRB) is a group of people who review the research to protect your 
rights. If you have a question about your rights as a research participant, you should contact the 
Chairman of the IRB at (336) 716-4542. 
 
You will be given a signed copy of this consent form.  

Signatures 
I agree to take part in this study. I authorize the use and disclosure of my health information as 
described in this consent and authorization form.  If I have not already received a copy of the 
Privacy Notice, I may request one or one will be made available to me.  I have had a chance to ask 
questions about being in this study and have those questions answered.   By signing this consent 
and authorization form, I am not releasing or agreeing to release the investigator, the sponsor, the 
institution or its agents from liability for negligence. 
 
_____________________________________________________  
 Subject Name (Printed) 
 
__________________________________________________________  _______________  
 Subject Signature Date 
 
__________________________________________________________  _______________  
 Person Obtaining Consent Date 
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APPENDIX B 

 

BCC - MEASURMENTS 
     

Patient Name:  Patient ID#         
      

Date:            Age:      
 Month  Day  Year     
      

Testing Time Point:  presurgery  6  12  18  24   
      

Name of Tester:  Physician Name:  
      

Affected Arm:  Right  Left Dominant Hand:   Right  Left 

The “affected arm” is the arm that is on the same side as the primary breast cancer 
 

	
  

DYNAMIC STRENGTH  (Bicep Curl) BODY COMPOSITION 
  

 Weight Repetitions Weight:    lb   
         
Affected Arm         Height:    . cm  
           
Opposite Arm         Waist Circum:    . cm    . cm 

          Trial 1  Trial 2  

         Two trials of waist circumference within 0.5 cm of one another are 
necessary or a third trial is required 

  

  

RANGE OF MOTION STATIC GRIP STRENGTH  (kg) 
  

 Affected Shoulder  Trial 1 Trial 2 
Flexion         Affected Grip:        
          

         Opposite Grip:        
   

 Opposite Shoulder Hand Grip Size:        
Abduction          
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Physical Activity Assessment 
 
 
Ask the patient in interview format the following 6 questions having the patient keep in 
mind their activity in a recent typical week. 
 
 

1) How many days per week do you participate in mild physical activity 
(movement that is easy to sustain over a prolonged period of time without 
becoming fatigued, like light walking) for a minimum of 30 daily minutes (all at 
once or in 10 minute bouts)?    
 
 

2) How many days per week do you participate in moderate physical activity 
(somewhat harder activity that my cause you to breathe faster or experience 
moderate fatigue and could be sustained for a shorter period of time than mild 
activity, like brisk walking, and which may also require short rests before 
resuming more of this activity) for a minimum of 30 daily minutes (all at once or 
in 10 minute bouts)?   
 

 
3) How many days per week do you participate in strenuous physical activity 

(causes you to breathe heavily and sweat, experience rapid fatigue, and could only 
be sustained for very short periods of time, like running or swimming strongly, 
and may also require long rest periods before resuming this activity) for a 
minimum of 30 daily minutes (all at once or in 10 minute bouts)?   
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Self-Reported Physical Function 
 
Please report the level of difficulty you experience in performing these physical activities 
within the past month.   

 
-Standing in place for 15 minutes + 
No difficulty       A little difficulty          Some difficulty          A lot of difficulty   
 

Not performed on Doctor’s orders 
 
-Walking ½ mile, the equivalent of 6 city blocks, without help 
No difficulty       A little difficulty        Some difficulty      A lot of difficulty 
 

Not performed on Doctor’s orders 
 
-Reaching arms above shoulder level  
No difficulty       A little difficulty        Some difficulty      A lot of difficulty 
 

Not performed on Doctor’s orders 
 
-Reaching arms straight out in front of you  
No difficulty       A little difficulty        Some difficulty      A lot of difficulty 
 

Not performed on Doctor’s orders 
 
-Reaching arms downward to pick an item off the ground  
No difficulty       A little difficulty        Some difficulty      A lot of difficulty 
 

Not performed on Doctor’s orders 
 
-Lifting items less than 10 lbs. 
No difficulty       A little difficulty        Some difficulty      A lot of difficulty 
 

Not performed on Doctor’s orders    
 
-Lifting items more than 10 lbs. 
No difficulty       A little difficulty        Some difficulty      A lot of difficulty 
 

Not performed on Doctor’s orders 
 
-Pushing or pulling large objects 
No difficulty       A little difficulty        Some difficulty      A lot of difficulty 
 

Not performed on Doctor’s orders 
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