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ABSTRACT 

 

 
Breast cancer is one of the most common forms of cancer among women in the United States. 

Although survival rates have improved following diagnosis, breast cancer survivors (BCS) must 

contend with the negative effects of the disease and its treatments. Breast cancer treatments can 

result in accelerated bone and muscle mass loss in conjunction with gains in fat mass. These 

unfavorable changes lead to reduced strength, physical function, and quality of life (QOL). 

Resistance training alone as well as a combination of resistance and impact training, such as 

hopping or jumping movements, have been effective in preventing losses in bone mineral density 

(BMD) and negative changes in body composition in BCS. More research is needed to determine 

if there is an alternative exercise mode that can promote improvements in BMD and body 

composition as well as strength, physical function, and QOL measures. Purpose: The purpose of 

this study was to examine the effects of 24 weeks of functional impact training (FIT) that 

combined a circuit of resistance training exercises with high impact exercises compared to a yin 

yoga program on body composition (lean and fat mass), BMD, blood biomarkers for bone 

resorption and formation (tartrate-resistant acid phosphatase 5b (TRAP-5b) and bone-specific 

alkaline phosphatase (BAP)), strength, physical function, fatigue, and QOL in BCS. Methods: 

Forty-four postmenopausal BCS (60.3 ± 8.3 years) who had completed primary treatment 

(surgery, chemotherapy, and radiation) were randomly assigned to one of two groups: FIT or yin 

yoga. Baseline body composition and regional and total BMD were measured via dual energy X-

ray absorptiometry (DXA). Blood biomarkers for bone metabolism were analyzed via enzyme-

linked immunosorbent assays (ELISA). Upper body strength was assessed using a one-repetition 

maximum (1RM) chest press, and lower body strength was assessed via isokinetic and isometric knee 

extension and flexion using the Biodex System 3. The Continuous Scale-Physical Functional 



x 

Performance (CS-PFP) and a sit-to-stand with the Tendo power analyzer were used to measure 

physical function. Fatigue and QOL were determined via the Rand 36-Item Health Survey (SF-36), 

Functional Assessment of Cancer Therapy – Breast Symptom Index (FACT-B), and the Functional 

Assessment of Chronic Illness Therapy - Fatigue (FACIT-F). Participants completed the 45-minute 

FIT and yin yoga sessions twice weekly for 24 weeks with 48 hours between the two sessions. 

Measurements were completed at baseline, after 12 weeks, and at the end of the program. Changes 

in dependent variables over time were analyzed using repeated measures ANOVA (group by 

time). An intention-to-treat analysis was used for participants who completed baseline testing, 

but not the 12- or 24-week assessments. Significance was accepted at p < 0.05. Results: Thirty-

two participants completed the study with an adherence rate of 86.6% and 84.4% for the FIT and 

yin yoga groups, respectively. There were no group by time effects for any measures of BMD. 

Main time effects were observed for BMD at the left femoral neck (0.883 ± 0.138 g/cm
2
 to 0.870 

± 0.131 g/cm
2
) and left forearm measures (total forearm: 0.465 ± 0.078 g/cm

2
 to 0.457 ± 0.069 

g/cm
2
). There were no other changes in body composition or BMD measures over time. There 

was a group by time interaction for upper body strength with the FIT group significantly 

improving in upper body strength (73.2 ± 18.1 kg to 83.2 ± 22.3 kg) compared to the yin yoga 

group (59.8 ± 14.8 kg to 59.3 ± 15.6 kg). Main time effects were observed for peak isokinetic leg 

extension and flexion at 60
o
/sec, 120

o
/sec and 180

o
/sec and isometric leg flexion. All participants 

improved isokinetic leg extension and flexion by an average of 13.2% and 16.2%, respectively. 

Isometric flexion improved by 7.3%. There were time effects for CS-PFP scores (68.53 ± 12.87 

U to 73.66 ± 12.62 U), sit-to-stand peak power (700 ± 202 W to 723 ± 199 W) and peak velocity 

(0.92 ± 0.22 m/s to 0.95 ± 0.23 m/s), fatigue scores (38.09 ± 11.50 to 42.29 ± 9.88), all domains 

of the SF-36 except pain, and all domains of the FACT-B and FACIT-F except emotional 

wellbeing. There were no group by time interactions for any of these measures. Conclusion: 
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Both the FIT and yin yoga interventions improved lower body strength, physical function, 

fatigue and QOL in BCS. The FIT intervention resulted in improvements in upper body strength 

compared to yin yoga. Therefore, both programs may be beneficial modes of exercise for BCS 

looking to improve these outcomes. More research is needed to see if a FIT program of longer 

duration and higher intensity can elicit improvements in body composition and BMD.
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CHAPTER 1 

 

INTRODUCTION 

 

 
Breast cancer is one of the most common forms of cancer among women in the United 

States (US). While the disease can have fatal outcomes, with approximately 40,000 deaths due to 

breast cancer in 2016 (Siegel, Miller, & Jemal, 2016), the prognosis for the disease has improved 

with a 39% lower mortality rate in 2015 compared to 1990 (Noone et al., 2018). Although the 

outcomes for the disease have improved, more than 3.4 million living breast cancer survivors 

(BCS) must still contend with the negative effects that are a result of both the disease and its 

treatments (Noone et al., 2018). These treatments include surgery, radiation, adjuvant 

chemotherapy, and hormone suppressant therapy. 

Some of these side effects include gains in fat mass along with an accelerated loss in 

muscle and bone mass. These changes can affect both the long-term survival and quality of life 

of BCS as larger weight gains in cancer patients has been found to be associated with negative 

outcomes in both the chance of relapse and death (Camoriano et al., 1990; Kroenke, Chen, 

Rosner, & Holmes, 2005; Playdon et al., 2015). Furthermore, the combination of obesity and low 

muscle mass, termed sarcopenic obesity, has been linked to lower physical function, poorer 

survival rates, and treatment toxicity compared to obese non-sarcopenic cancer survivors (Prado 

et al., 2009; Prado, Antoun, Sawyer, & Baracos, 2011; Prado et al., 2008). In addition, the 

concurrent loss in bone mineral density (BMD) places BCS at greater risk for osteoporosis and 

fractures (Conde, Costa-Paiva, Martinez, & Pinto-Neto, 2012). Together these changes can 

negatively affect quality of life and place BCS at greater risk for chronic disease, disability, and 

poor survival outcomes.   
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Weight gain commonly occurs with treatment as 84.1% of BCS reported weight gain 

within the first year of diagnosis (Goodwin et al., 1999). Several factors contributing to these 

increases include undergoing chemotherapy treatment (Cheney, Mahloch, & Freeny, 1997; 

Goodwin et al., 1999; Heideman, Russell, Gundy, Rookus, & Voskuil, 2009; Saquib et al., 

2007), longer treatment time (Bonadonna et al., 1985; Demark-Wahnfried et al., 1997), higher 

disease stage, lower physical activity levels, onset of menopause, and higher baseline body mass 

indices (Goodwin et al., 1999; Irwin et al., 2005; Nissen, Shapiro, & Swenson, 2011). This 

change in weight is accompanied by alterations in body composition favoring an increase in 

body fat and decrease in muscle mass (Freedman et al., 2004; Irwin et al., 2005). 

Specific cancer therapies such as corticosteroids and androgen-deprivation therapy have 

been associated with muscle loss (Prado et al., 2011). In addition, direct administration of 

chemotherapy agents such as melphalan and doxorubicin has been found to cause damage to the 

neuromuscular system resulting in muscle atrophy (Bonifati et al., 2000). The magnitude of 

changes in muscle mass may also be related to menopausal status as those with chemotherapy-

induced ovarian failure may experience a greater loss (Gordon, Hurwitz, Shapiro, & LeBoff, 

2011). Furthermore, other side effects of breast cancer treatment including fatigue, neuropathy, 

and pain may serve as barriers for exercise participation in these patients (Sander, Wilson, Izzo, 

Mountford, & Hayes, 2012), which has been reported in BCS during and after treatment 

(Freedman et al., 2004; Irwin et al., 2003). 

Chemotherapy agents such as methotrexate, cyclophosphamide, and doxorubicin can 

have negative effects on BMD through direct and indirect effects. Exposure to a chemotherapy 

agent called cyclophosphamide has been found to directly reduce the thickness of the bone 

cartilage layer, reduce the number prechondroblasts, and diminish the number of both osteoblasts 
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and osteoclasts in an animal model (Wang & Shih, 1986). These effects may be due to 

chemotherapy’s role in inhibiting DNA synthesis (Wheeler et al., 1995). Precursor cells of 

osteoblast may be more susceptible to DNA damage compared to those of osteoclasts, resulting 

in an imbalance in bone remodeling favoring resorption (Wheeler et al., 1995). In addition, 

chemotherapy can indirectly affect bone by altering ovarian function and estrogen production. 

Chemotherapy-induced ovarian failure is common among BCS with 50-85% of women treated 

with chemotherapy experiencing permanent ovarian failure (Bines, Oleske, & Cobleigh, 1996; 

Lower, Blau, Gazder, & Tummala, 1999). The decreased estrogen production associated with 

ovarian failure promotes increased osteoclast activity which leads to bone resorption and 

ultimately bone loss (Hirbe, Morgan, Uluçkan, & Weilbaecher, 2006). This rapid bone loss is 

experienced during treatment as Shapiro et al. (2001) reported a 4.0% decrease in spine BMD 

during the first six months of chemotherapy treatment and an additional 3.7% reduction between 

six and twelve months of treatment in BCS who experienced chemotherapy-induced ovarian 

failure. This accelerated loss due to early menopause continues after the completion of treatment 

as Vehmanen et al. (2001) reported significant bone loss five years after treatment in those 

experiencing chemotherapy-induced ovarian failure compared to those who maintained 

menstrual function. In addition, estrogen-reducing drugs such as aromatase inhibitors may be 

prescribed to BCS for several years following primary treatment. This can have adverse effects 

on BCS after completion of primary treatment as the estimated rate of bone loss from aromatase 

inhibitors at the lumbar spine and hip range from 1.7% to 5.8% per year (Hadji, 2009).  

Other negative consequences related to the body composition changes from cancer 

treatments are a decrease in strength, physical function, and quality of life. Physical function has 

been found to decline over the course of two years after diagnosis (Sehl, Lu, Silliman, & Ganz, 
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2013) and older long-term cancer survivors have a greater prevalence of functional limitations 

and lower quality of life scores than their non-cancer counterparts (Sweeney et al., 2006; 

Broeckel et al., 2000).  

Recent studies have found exercise training to be an effective non-pharmacological 

means as resistance training programs conducted for a minimum of six months have been shown 

to attenuate losses in muscle mass and BMD and gains in fat mass in BCS (Brown & Schmitz, 

2015; Winters-Stone et al., 2012; Winters-Stone, Laudermilk, Woo, Brown, & Schmitz, 2014). 

While these training interventions have been effective in attenuating these losses, most have 

fallen short in terms of improving these outcomes. This may be due to the mode or intensity of 

the exercise intervention. A recent study in our laboratory found that a 12-week high-intensity 

resistance training program completed twice per week at intensities between 65-85% of the one 

repetition maximal (1RM) in postmenopausal BCS significantly improved muscle mass (+2.2%) 

and decreased fat mass (-1.7%) in BCS; however, BMD did not change (Madzima, Ormsbee, 

Schleicher, Moffatt, & Panton, 2017). Another study from our laboratory found that six months 

of resistance training performed twice a week at 50-60% of 1RM resulted in significant 

improvements in strength and physical function along with attenuation of BMD loss. In addition, 

a decrease in tartrate resistant acid phosphatase (TRAP-5b) was observed, indicating positive 

changes in the bone remodeling process (Simonavice et al., 2014). 

Some studies have reported small BMD improvements in non-cancer postmenopausal 

women following a combined resistance training and impact exercise protocols that included 

walking and stairclimbing with a weighted vest, jumping, or skipping rope (Jessup, Horne, 

Vishen, & Wheeler, 2003; Kemmler, Engelke, Weineck, Hensen, & Kalender, 2003). A recent 

meta-analysis in postmenopausal woman without cancer concluded that protocols combining 
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resistance training with high impact exercise was effective in improving hip and spine BMD 

(Zhao, Zhao, & Xu, 2015). Comparatively, the meta-analysis found that resistance training 

protocols alone only produced non-significant positive effects on BMD (Zhao et al., 2015). 

There are a limited number of studies incorporating impact training in a breast cancer population 

(Winters-Stone et al., 2011, 2013, 2014). Of these studies, only maintenance of BMD has been 

reported. None have shown a significant increase in BMD and only a few have observed small 

(Simonavice et al., 2014) or no changes in biomarkers of bone (Winters-Stone et al., 2011, 

2013). Therefore, more research is needed to determine if an impact training protocol could be 

utilized to produce greater benefits in BMD and biomarkers of bone formation as well as in other 

body composition measurements (muscle and fat mass) in BCS.    

 

Purpose 

 

The purpose of this study was to examine the effects of 24-weeks of functional impact 

training (FIT) compared to a non-impact control group that will be participating in yin yoga 

(training that solely consists of stretching and relaxation exercises) on body composition (muscle 

and fat mass), BMD, blood biomarkers of bone (TRAP-5b, bone alkaline phosphatase (BAP)), 

muscular strength, physical function, fatigue and quality of life in BCS who have completed 

primary treatments.  

 

Specific Aims 

 

This study was designed to answer the following research aims: 

1. To what extent does six months of FIT affect body composition measures (muscle mass; 

fat mass) and total and regional (lumbar spine; femur; forearm) BMD compared to yin 

yoga in post-menopausal BCS.  
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Hypothesis: BCS participating in FIT would have maintenance of muscle mass, 

decreases in fat mass, and increases in total and regional BMD compared to those 

participating in yin yoga. 

2. To what extent does six months of FIT affect blood biomarkers of bone (TRAP-5b, BAP) 

compared to yin yoga in BCS. 

Hypothesis: BCS participating in FIT would have increased bone formation and 

decreased bone resorption as indicated by increases in BAP (a biomarker of bone 

formation) and decreases in TRAP-5b (a biomarker of bone resorption) compared to 

those participating in yin yoga. 

3. To what extent does six months of FIT affect strength (upper and lower body) and 

physical function (measured by the continuous scale physical functional performance 

(CS-PFP) test and sit-to-stand task) compared to yin yoga in post-menopausal BCS. 

Hypothesis: BCS participating in FIT would have improved strength and physical 

function compared to those participating in yin yoga. 

4. To what extent does six months of FIT affect fatigue (FACIT-F) and quality of life 

(SF36, FACT-B) compared to yin yoga in post-menopausal BCS. 

Hypothesis: BCS participating in both FIT and yin yoga would experience similar 

improvements in fatigue and quality of life measures. 

 

Assumptions 

 

1. All participants accurately reported their age, breast cancer diagnosis, treatment type and 

length, menopausal status, dietary intake, physical activity history, and health history. 

2. All participants experienced similar body composition side effects due to the cancer 

treatment. 
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3. All participants followed the researchers’ instructions regarding physical activity and 

maintaining daily nutrient intake outside of the prescribed exercise intervention. 

4. All equipment and testing procedures provided valid and reliable measurements 

throughout the course of the study. 

 

Delimitations 

 

1. BCS who had been diagnosed with stage 0-III cancers and who had completed primary 

treatment for breast cancer were eligible to participate. Therefore, women diagnosed with 

stage IV breast cancer, BCS who had not undergone primary treatment, women who were 

currently undergoing treatment, or male BCS were not eligible to participate in the study. 

2. Women with other chronic conditions including uncontrolled hypo or hyperthyroidism, 

uncontrolled hypertension (>160/100 mmHg), uncontrolled diabetes, and uncontrolled 

heart disease were not eligible to participate in the study.  

3. In order to measure the effects of the specific exercise intervention proposed in this 

study, BCS who were not participating in an exercise program were eligible to 

participate. Therefore, women who were participating in an exercise program (resistance 

training > one time per week, aerobic training > two times per week, or yoga > two times 

per week) were not eligible for the study. 

4. BCS who were currently undergoing treatment or were less than three months post-

treatment were not eligible to participate. Women who had surgery within the past three 

months were not eligible to participate.   

 

Limitations 

 

1. Since only female BCS who had been diagnosed with stages 0–III cancers and had 
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completed primary treatment were able to participate in the study, results may not be 

generalizable to women diagnosed with stage IV breast cancer, BCS who have not 

undergone primary treatment, women currently undergoing treatment, and/or male BCS. 

2. Participants who agreed to participate in the study may have been more motivated to 

begin an exercise program or may have felt well enough to perform exercise than those 

who did not wish to participate, and therefore results of this study may not be 

generalizable to the entire BCS population. 

3. Due to the length of the study and its voluntary nature, participants who completed the 

preliminary assessments may not have been available or willing to complete the six-

month intervention and/or participate in the final post-intervention assessments. 

4. Since participants were recruited from the Tallahassee, Florida and surrounding areas, 

results may not be generalizable to BCS living in other areas.  

 

Definition of Terms 

 

1. Adjuvant Chemotherapy: Chemotherapy that is used after primary treatments such as 

surgery or radiation have removed the visible cancer cells. This treatment, given by 

mouth, injection, infusion, or on the skin, stops the growth of cancer cells by destroying 

the cells or arresting the cell cycle to prevent cancer cells from dividing (mayoclinic.org).  

2. Aromatase Inhibitors: A drug that prevents the formation of estrogen from androgens by 

blocking the enzyme aromatase (www.breastcancer.org). 

3. Body Composition: the relative proportions of protein, fat, water, and mineral contents in 

the body (http://medical-dictionary.thefreedictionary.com). 

4. Bone Mineral Density: A measure of the amount of mineral content in a specific volume 

of bone. Higher mineral content indicates greater bone density and strength 
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(Dictionary.com). 

5. Breast Cancer: Cancer that forms in the breast tissue. It can occur in the lining of the milk 

ducts (ductal carcinoma) or in the lobules, also known as milk glands, (lobular 

carcinoma) of the breast. Invasive breast cancer occurs when the breast cancer has spread 

from where it began in the milk ducts of lobules to normal tissue in the surrounding area 

(www.cancer.gov). 

6. Functional Impact Training: Performing impact exercises that include hopping, skipping, 

and jumping that are designed to improve the performance of activities and movements 

that can improve activities of daily living. 

7. Functional Resistance Training: Performing exercises where muscles work against a 

resistance in a manner that the increases in strength directly improve the performance of 

movements so that an individual can perform activities of daily living with greater ease 

(www.acefitness.org). 

8. Menopause: The period in a woman’s life that marks the end of menstrual cycles. It is 

defined as occurring 12 months after the last menstrual period (mayoclinic.org). 

9. Muscular Strength: The maximal amount of force a muscle can exert against a resistance 

(Kaminsky, 2014). 

10. Osteoblasts: A type of bone cell that promotes bone formation by producing bone matrix 

which then becomes mineralized (www.medicinenet.com). 

11. Osteoclasts: A multinucleated bone cell that is responsible for bone resorption 

(www.medicinenet.com). 

12. Osteoporosis: A chronic disease that is characterized by decreased bone density of 

normally mineralized bone. This leads to a reduction in mechanical strength of the bone, 
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making the bones more susceptible to fractures (Glaser & Kaplan, 1997). 

13. Physical Function: The ability to complete activities of daily living, which are required 

for safe independent living (Zhang, Brown, & Schmitz, 2016). 

14. Quality of Life: Individual perceptions of positions in life in relation to goals, 

expectations, standards, and concerns in the context of an individual’s culture and value 

systems. It may encompass physical health, psychological states, levels of independence, 

social relationships, and personal beliefs (World Health Organization). 

15. Radiation Therapy: A type of primary treatments that uses high-powered energy beams, 

such as x-rays, to destroy cancer cells (mayoclinic.org). 

16. Resistance Training: A mode of exercise that uses external resistance to cause the 

muscles to contract with the goal of building muscle strength, tone, mass and endurance 

(Kaminsky, 2014). 

17. Sarcopenia: A condition that is characterized by a loss of muscle mass and physical 

function (Santilli, Bernetti, Mangone, & Paoloni, 2014). 

18. Yin Yoga: A form of yoga that involves variations of seated and lying postures that are 

typically held for three to five minutes (yogajournal.com). 
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CHAPTER 2 

 

REVIEW OF LITERATURE 
 

 
Breast cancer is one of the most common forms of cancer among women in the US. 

While the disease can have fatal outcomes, with approximately 40,000 deaths due to breast 

cancer in 2013, the prognosis for the disease has improved with a 39% lower mortality rate in 

2010 compared to 1990 (Noone et al., 2018). Although the outcomes for the disease have 

improved, more than 3.4 million living BCS must still contend with the negative effects that are 

a result of both the disease and its treatments (Noone et al., 2018). These treatments include 

surgery, radiation, adjuvant chemotherapy, and hormone suppressant therapy. 

Several factors may determine what type of treatment is used including the expected rate 

of tumor growth, likelihood of metastasis, the effectiveness of specific treatments, the probability 

of reoccurrence, and stage of cancer (PDQ® Adult Treatment Editorial Board, 2018). Stages of 

cancer range from 0-IV and are determined by the size of the tumor, its growth, and the degree of 

metastasis. Stage 0 refers to a non-invasive condition with an abnormal cell growth with no 

cancer cells present. Stage I includes invasive breast cancer that occurs when there is a small 

tumor localized in the breast, lymph nodes, or both the breast and lymph nodes. Stage II is 

characterized by the presence of a larger breast tumor and/or cancer spreading from one to three 

lymph nodes (PDQ® Adult Treatment Editorial Board, 2018). Stages I and II are often referred 

to as early stage breast cancer. Stage III is diagnosed if the cancer is present in more than four 

lymph nodes, a large tumor greater than 5 cm along with cancer in the lymph nodes, or if the 

cancer has spread to the chest wall or skin to cause swelling or an ulcer. Stage IV is diagnosed 

when the breast cancer has spread to other organs of the body. Stages III and IV are often 

referred to as late-stage breast cancer (PDQ® Adult Treatment Editorial Board, 2018). 
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Breast Cancer Treatments 

 

Surgery is a treatment option that may consist of breast-conserving surgery including a 

lumpectomy or partial mastectomy, where a portion of the breast tissue is removed, or a 

mastectomy in which the breast is entirely removed. Surgery is a commonly used treatment 

option as approximately 59% of women diagnosed with early-stage breast cancer and 13% of 

women diagnosed with late-stage breast cancer endure breast-conserving surgery. Mastectomies 

are treatments that are completed in 36% of women in early-stage breast cancer and 59% in late-

stage breast cancer (American Cancer Society, 2014). Along with the removal of breast tissue, 

breast cancer patients receiving surgery may also undergo axillary lymph node dissection, which 

can be a valuable tool in detecting cancer in the lymph as well as determining prognosis, 

treatment, and risk for metastasis (American Cancer Society, 2014; Ozaslan & Kuru, 2004). 

While surgery may have favorable outcomes, it can lead to a number of side effects including 

pain in the breast, chest, and arm as well as limited movement, weakness, stiffness in the arm, 

and weight (Gho, Steele, Jones, & Munro, 2013; Warmuth et al., 1998). In addition, women who 

undergo surgery and axillary lymph node dissection are at a greater risk for the development of 

lymphedema (Larson et al., 1986), swelling in the arms resulting from an accumulation of 

interstitial fluid in the tissue (Sakorafas, Peros, Cataliotti, & Vlastos, 2006). These outcomes can 

further affect mood and quality of life (Sakorafas et al., 2006) as well as serve as potential 

barriers for rehabilitation in BCS (Hefferon, Murphy, McLeod, Mutrie, & Campbell, 2013).  

In addition, most BCS who undergo surgery also receive adjuvant therapy to aid in the 

removal of any remaining cancer cells and further reduce the risk for cancer reoccurrence. One 

type of adjuvant therapy is radiation. This treatment uses high-energy beams that are 

administered to a specific localized area to destroy the cancer cells while preventing healthy 
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tissue from radiation exposure (Peart, 2015). While radiation treatment has improved over the 

years, with new techniques that allow for improved ability to reduce radiation doses to 

surrounding tissues, control of the intensity of the radiation, and reduced acute toxicity (Zurrida 

& Veronesi, 2015), complications with the treatment are still present. Women undergoing 

radiation treatment often experience adverse skin reactions, known as dermatitis, which can 

cause pain, soreness, itching, or scarring (McQuestion, 2011). Radiation therapy can also 

produce similar effects as surgery including pain, limited movement, arm weakness, and 

lymphedema (Burstein & Winer, 2000). Another common side effect induced by this treatment is 

fatigue, which is experienced by 60-93% of women undergoing radiation therapy (Stasi, Abriani, 

Beccaglia, Terzoli, & Amadori, 2003). 

Adjuvant chemotherapy is also a common treatment that is administered along with 

surgery and/or radiation (Desantis et al., 2014). Chemotherapy can be administered 

intravenously, taken orally, or applied in the form of a cream or lotion (Peart, 2015). It may also 

be injected into the muscle or in the region where the cancer cells are present (Peart, 2015). 

Unlike surgery and radiation that target cancer cells in a specific area, chemotherapy targets 

cancer cells throughout the body that may have metastasized from the primary cancer site 

(American Cancer society, 2016). Chemotherapy acts to disrupt a part of the cell cycle, thus 

disrupting the cancer cells’ ability to replicate. Because different types of chemotherapy drugs 

have different mechanisms of action, each affecting specific phases of the cell cycle, 

combination chemotherapy is often administered to target cancer cells in varying stages of 

mitosis (Malhotra & Perry, 2003). Chemotherapy drugs known as alkylating agents and platinum 

agents act by interacting with two bases of the DNA, forming a cross-link that prevents the 

separation of DNA that is required for replication. Antimetabolites, another class of 
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chemotherapy drugs, are substances that have similar structures to the metabolites, such as 

purine and pyrimidine. Due to their similar structures, these antimetabolites can be incorporated 

into the DNA and then interfere with enzymes needed for replication. Antitumor antibiotics 

insert themselves into the DNA, causing breakage in the DNA strand and thus the production of 

free radicals (Malhotra & Perry, 2003). Anthracyclines also act similarly to antitumor antibodies 

while also inhibiting DNA topoisomerases I and II, which aid in the uncoiling process of DNA 

during replication (Malhotra & Perry, 2003). Other drugs such as camptothecin analogs and 

epipodophyllotoxins impede the topoisomerase enzymes while other drugs known as vinca 

alkaloids and taxanes affect the microtubules that are formed during mitosis (Malhotra & Perry, 

2003). 

 Due to the effect that chemotherapy treatment has on the cell cycle, chemotherapy not 

only destroys cancer cells, but it also affects other cells in the body, especially those that undergo 

replication more frequently. Therefore, adverse side effects occur as a result of chemotherapy 

treatment. These include nausea and vomiting, hair loss, fever, loss of appetite, weakness, and 

bleeding (Bloechl-Daum, Deuson, Mavros, Hansen, & Herrstedt, 2006; Hilarius et al., 2012; 

Richardson, Marks, & Levine, 1988). In addition, chemotherapy treatment can lead to damage to 

the bone marrow and loss of bone marrow regenerative capacity, resulting in a decreased ability 

to produce red blood cells, white blood cells, and platelets. This can cause clotting complications 

and anemia as well as negatively affect an individual’s ability to fight infections (American 

Cancer Society, 2014). Similar to radiation treatment, 80-96% of women treated with 

chemotherapy experience fatigue (Stasi et al., 2003).  

An additional complication that commonly occurs with chemotherapy is amenorrhea, 

ovarian failure, and the onset of pre-mature menopause. A primordial follicle is a premature egg 
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cell located in the ovaries. These follicles are continuously recruited from a pool of 

approximately 400,000 beginning at the onset of puberty to develop into a dominant follicle that 

will undergo ovulation. This number of follicles in the ovary is finite, so over time this pool is 

depleted, with the depletion of these follicles determining the onset of menopause (Morgan, 

Anderson, Gourley, Wallace, & Spears, 2012). Chemotherapy treatment may damage both these 

primordial follicles (Oktem & Oktay, 2007) as well as ones that are in the process of maturation, 

placing women who are given chemotherapy treatment at a higher risk for amenorrhea, ovarian 

failure, and early menopause (Morgan et al., 2012). Lower et al. (1999) reported amenorrhea in 

36% of patients being treated with chemotherapy and 46% of patients one year after treatment 

was completed. Tiong et al. (2014) saw an even greater prevalence with 93.1% and 77.9% of 

patients experiencing chemotherapy-induced amenorrhea at the completion of therapy and one 

year later, respectively. Older women have a greater risk for the development of chemotherapy-

induced amenorrhea, most likely due to the lower follicle pool. While chemotherapy-induced 

ovarian failure has not been clearly defined, Molina, Barton & Loprinzi et al. (2005) suggested 

the presence of irreversible amenorrhea lasting for greater than twelve months along with 

elevated follicle stimulating hormone (FSH) as criteria for diagnosis. With ovarian failure and 

the onset of menopause, the amount of estrogen produced by the ovary declines, which is what 

causes the increased secretion of FSH by the anterior pituitary gland via negative feedback 

(Molina et al., 2005).  

Other treatments for breast cancer patients include aromatase inhibitors and tamoxifen, 

which both act to decrease the amount of estrogen that can stimulate tumor growth. Aromatase 

inhibitors block the action of the enzyme aromatase, preventing the conversion of 

androstenedione and testosterone to estrogen (Mayhew, 2009). Conversely, tamoxifen acts to 
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reduce the action of estrogen by inhibiting the binding of estrogen, to estrogen receptors 

(Osborne, Elledge, & Fuqua, 1996). Side effects of both treatments include hot flashes, weight 

gain, difficulty sleeping, mood changes, and muscle and joint aches (Garreau, DeLaMelena, 

Walts, Karamlou, & Johnson, 2006). 

The following sections will discuss the effects of the aging process on changes in body 

composition, bone mass, strength, and physical function followed by the effects of cancer 

treatment on these variables along with cancer-related fatigue and quality of life. The effects of 

exercise as a means to combat the side effects of cancer treatment will also be explored. 

 

Aging and Cancer Treatment Effects on Muscle Mass 

 

Cancer treatments have greatly improved the survival of breast cancer patients with a 5-

year survival rate of 89.4% (Noone et al., 2018). While prognosis has improved, BCS must not 

only contend with the negative side effects that accompany cancer treatments, but they must also 

face long-term health consequences that cause the acceleration of the aging process and place 

BCS at a higher risk for muscle and strength loss, weight gain, body fat increases, osteoporosis, 

and functional declines. 

Muscle mass generally peaks between the ages of 20 and 30 years followed by small 

losses of approximately 10% from that point until the 5
th

 decade of life (Lexell, Taylor, & 

Sjöström, 1988). Greater declines begin to occur around the age of 50 years, with an approximate 

muscle mass loss of 1-2% per year (Frontera et al., 2000; Goodpaster et al., 2006; Koster et al., 

2011) for an estimated 40% reduction in total muscle area between early adulthood and 80 years 

(Lexell et al., 1988). While these losses can be reduced in those who exercise (Booth, Laye, & 

Roberts, 2011), 78.3% of adults in the US do not meet the minimum recommendations for 

physical activity and strength training, thus a majority of adults are at risk for these age-related 
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losses (Clarke, Norris, & Schiller, 2017). In addition, those with higher protein intake can 

mitigate some of these losses (Fujita & Volpi, 2006). This age-related loss in muscle mass, 

termed sarcopenia, is largely due to a loss in muscle fiber number, fiber atrophy, and reduction in 

muscle protein synthesis. Sarcopenia was first defined in 1989 by Rosenberg who defined it as 

an age-related decline of muscle body mass (Rosenberg, 1989). Since then, this definition has 

been expanded to include declines in strength and physical performance that accompany losses 

in muscle mass as potential diagnostic criteria (Cruz-Jentoft et al., 2010). Several techniques can 

be used to estimate muscle mass including magnetic resonance imaging (MRI), computerized 

tomography (CT), dual-energy X-ray absorptiometry (DXA), and bioelectrical impedance (BIA). 

Criteria for determining sarcopenia using DXA measurements was proposed by Baumgartner 

and colleagues who defined sarcopenia as an appendicular skeletal muscle mass index (ASMI) 

that is two standard deviations below the mean ASMI in the reference young population 

(Baumgartner et al., 1998). ASMI is calculated by dividing the sum of the muscle mass of arms 

and legs by the squared height. Baumgartner et al. (1998) further determined sarcopenia 

diagnostic standards as an ASMI falling below 7.26 kg/m
2
 and 5.45 kg/m

2
 in men and women, 

respectively. Since then, additional criteria have been proposed with Janssen at al. (2004) 

determining a cut-off point based on a skeletal muscle index (muscle mass divided by height 

squared) derived from BIA measurements that is below 8.51 kg/m
2
 and 5.76 kg/m

2
 in men and 

women, respectively (Janssen, Baumgartner, et al., 2004).  

Due to the variety of techniques and methods used for determining sarcopenia as well as 

some challenges associated with assessing muscle mass in older adults (Lustgarten & Fielding, 

2011), identifying the precise prevalence rates of sarcopenia among older adults can be 

challenging. As a result, there is an estimated prevalence ranging from 5-13% in older adults 
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between the ages of 60 and 70 years, and a higher prevalence of 11-50% in those who are 80 

years and older (von Haehling, Morley, & Anker, 2010). Sarcopenia negatively impacts strength, 

functionality, and quality of life, as the risk for disability in those who are sarcopenic is 1.5-4.6 

times that of an older adult without sarcopenia (Janssen, Baumgartner, et al., 2004). Sarcopenia 

has also been found to increase the risk for mortality (Metter, Talbot, Schrager, & Conwit, 2002). 

Sarcopenia can also be accelerated by inactivity, nutritional status, and chronic disease 

(Greenlund & Nair, 2003). The estimated healthcare cost attributed to sarcopenia in the US in 

2000 was $18.5 billion, which accounted for approximately 1.5% of healthcare costs that year 

(Janssen, Shepard, Katzmarzyk, & Roubenoff, 2004). 

A number of mechanisms have been proposed to contribute to the loss of muscle mass 

and strength. These mechanisms include loss in muscle size and number, denervation of muscle 

fibers, reduced regenerative capacity, oxidative stress, mitochondrial damage, increased 

adiposity, and hormone changes, inflammation, and insulin resistance. The combination of these 

factors ultimately leads to reduced synthesis of muscle protein, and thus loss of muscle strength, 

function, and quality that occur with aging. These factors impact muscle loss through a variety of 

mechanisms that ultimately result in decreased protein synthesis along with muscle protein 

breakdown, reduced regenerative capacity, and increased cell apoptosis (Figure 1). These 

negative changes in muscle can also be exacerbated by behavioral factors such as physical 

inactivity and poor nutrition. Furthermore, less muscle mass, mechanical stimuli, hormonal 

changes, and poor nutrition can also negatively affect bone.  

 

Muscle Fiber Losses and Atrophy 

 

Diminished muscle mass associated with aging, especially in those who are physically 

inactive, is accompanied by a decrease in total muscle fiber number, especially in older adults 
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who are inactive (Figure 1). While some studies have found no change in muscle fiber number 

(Klein, Marsh, Petrella, & Rice, 2003; Nilwik et al., 2013), Lexell et al. (1988) found a 39% 

reduction in total number of muscle fibers between the ages of 20 and 80 years along with a 26% 

atrophy in type II muscle fiber size (Lexell et al., 1988). Verdijk et al. (2007) also observed 

similar changes in fiber size, with a higher type II muscle fiber atrophy in older participants 

compared to younger ones. Nilwik et al. (2013) also attributed the reduction in muscle mass seen 

with aging to a reduction in type II muscle size. Type I fiber size seems to remain constant 

(Verdijk et al., 2007) however the percentage of type I fibers increase (Nilwik et al., 2013; 

Verdijk et al., 2007) as well as an increase in clustering of these fibers (Lexell & Downham, 

1991). These modifications are most likely explained by denervation of muscle fibers (Lexell & 

Downham, 1991), muscle fiber apoptosis potentially mediated by the mitochondria (Dirks & 

Leeuwenburgh, 2002), and a reduced ability for muscle to repair itself. 

 

 

 
Figure 1. Mechanisms of accelerated muscle loss from disease conditions and behaviors. 

(Buford et al., 2010).  

PAD: Peripheral artery disease; CKD: Chronic kidney disease; HIV/AIDS: Human 

immunodeficiency virus/acquired immunodeficiency syndrome 
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 Denervation is the loss of nerve supply to the skeletal muscle. Evidence for the 

occurrence of denervation has been established based on the increase in size of the motor units 

(Stålberg & Fawcett, 1982) and decreased number of motor units. McNeil, Doherty, Stashuk, and 

Rice et al. (2005) reported a 40% loss in motor units by the age of 65 years. Tomlinson and 

Irving (1977) found the number of motorneurons in the lumbosacral region of the spinal cord 

was maintained up to the age of 60 years with a steady linear decline between 60 and 90 years of 

age. Further evidence to support denervation with old age was established by Anderson et al. 

(1993) who found increased levels of neural cell adhesion molecule (NCAM), a glycoprotein that 

mediates adhesion of a neuron to a myotube, on the neuromuscular junction of aged rat cells. The 

increased NCAM present on these cells may indicate increased rate of denervation as elevated 

levels of NCAM have been found in denervated and paralyzed muscle cells (Covault & Sanes, 

1985). While denervation does occur in younger individuals in response to injury or disease, the 

still existing motor neuron will typically sprout and rapidly reinnervate the muscle fiber (Luff, 

1998). The ability for aged motor neurons to sprout and reinnervate fibers seems to be blunted as 

nerve terminals in aged rats showed a lower capacity for sprouting compared to young rats 

(Rosenheimer, 1990). Following denervation, there is evidence of increased apoptotic myonuclei 

within the muscle fiber, which may account for decreased size of the muscle fiber (Yoshimura & 

Harii, 1999). There is also a rapid loss of muscle mass and force production, which was shown to 

occur in the extensor digitorum longus muscle of a rat model following denervation (Carlson, 

Billington, & Faulkner, 1996). Type II motor neurons appear to be more susceptible to loss, and 

in an effort to preserve the affected muscle fibers, neighboring type I motor units sprout and 

reinnervate those fibers, presumably resulting in the increased motor unit size and clustering of 

the type I muscle fibers observed in older muscle (Doherty, Vandervoort, & Brown, 1993). 
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Atrophy and loss of fibers will occur in those cells that are not reinnervated (Lexell, 1997), 

contributing to the losses in type II fiber size and number with aging. 

 

Satellite Cell Loss 

 

In addition to increased denervation with aging, the capacity for repair also diminishes in 

the aging muscle. This is most likely due to extrinsic and intrinsic changes in satellite cells that 

surround the muscle fibers. Satellite cells are stem cells that lie outside of the muscle cell, 

between the basal lamina and sarcolemma. These cells are required for the repair and 

regeneration of muscle following an injury or exercise-induced muscle damage (Chargé & 

Rudnicki, 2004). Brack et al. (2005), observed progressively fewer satellite cells present per 

muscle fiber in mice at 2 months, 12 months, and 22-24 months of age, with an absence of 

satellite cells in 23% of the muscle fibers at 22-24-months. Shefer et al. (2006), showed similar 

results in mice with the median number of satellite cells per myofiber of the extensor digitorum 

longus decreasing by 60% from young (3-6 month old) to old (19-25 months), with an additional 

17% fewer cells in the senile (26-29 months) compared to the old group. Furthermore, human 

studies have confirmed these results with Kadi, Charifi, and Denis (2004) finding a 38% lower 

quantity of satellite cells relative to total myonuclei in old women compared to young women 

while older men had a 43% lower quantity compared to younger men (Kadi et al., 2004). 

Another study found a fiber-specific change in satellite cell number in humans, with older adults 

experiencing significant type II fiber muscle atrophy along with declines in satellite cell content 

in type II fibers (Verdijk et al., 2007). No differences were found in type I fiber satellite cell 

content between young and old, suggesting that these changes in satellite cells content, especially 

in type II fibers, may actually be the trigger for increased muscle atrophy. According to the 

myonuclear domain theory, each nucleus of the cell is responsible for controlling a finite amount 
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of cytoplasm. If the cytoplasm extends beyond what each nucleus can control, then more 

myonuclei need to be added via the proliferation of satellite cells (Snijders, Verdijk, & van Loon, 

2009). Brack et al. (2005), proposed a model where muscle atrophy occurs in response to the 

muscle’s attempt to restore nuclear domain. In the model, they hypothesize that following injury, 

large muscle fibers lose the capacity to regenerate myonuclei due to a decreased satellite cell 

pool and function. Therefore, the muscle heals without restoring nuclei, which increases the 

amount of cytoplasm each nucleus must control, thus increasing the myonuclear domain. 

Eventually, the nuclei cannot maintain the expanded nuclear domain, so the fiber must then 

atrophy to restore the original myonuclear domain size in order to allow the muscle to function 

normally. 

 This decline in satellite cell number and function may be due to altered intrinsic 

properties of the cell. Aged satellite cells in a rat model have been found to contain higher 

quantities of p21, p27, p53, and FOXO1, all of which serve to arrest the cell cycle (Machida & 

Booth, 2004). In addition, satellite cells derived from aged rats express only 60% of bcl-2, a 

protein that protects the cell from undergoing apoptosis, that is found in young and adult rats 

(Jejurikar et al., 2006). This would make these cells more susceptible to apoptosis, resulting in a 

fewer number of total satellite cells per muscle fiber. Additionally, the aged environment in 

which the satellite cell resides may alter the regenerative capacity of satellite cells as it has been 

found that exposing an aged muscle to a younger external milieu increased the capacity for 

muscle repair (Conboy, Conboy, & Wagers, 2005; Carlson, Dedkov, Borisov, & Faulkner, 

2001). 
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Muscle Protein Synthesis 

 

Another mechanism accounting for the loss in muscle mass with aging in inactive older 

adults is the imbalance between muscle protein synthesis and muscle protein degradation. In 

order to maintain muscle protein, the breakdown of muscle protein must not exceed its synthesis 

(Greenlund & Nair, 2003). Balagopal, Rooyackers, Adey, Ades, and Nair (1997) found that 

whole body mixed protein synthesis rates were 31% lower in middle-aged participants (52 ± 1 

years) compared to younger participants (23 ± 1 years) and 13% lower in the oldest group of 

participants (77 ± 2 years) compared to the middle-aged group following a meal. While the 

synthesis of myosin heavy chain (MHC) was reduced, there was no modification in the rate of 

synthesis of sarcoplasmic protein, indicating a reduced capacity for the repair of essential 

contractile proteins with aging. Furthermore, the lower MHC synthesis rate among older adults 

was positively correlated with lower muscle mass and strength measures. This may be due to 

changes at the genetic level, possibly in the DNA or during the transcription process, affecting 

the transcription of mRNA as MHC mRNA was lower in older adults compared to their younger 

counterparts (Balagopal, Schimke, Ades, Adey, & Nair, 2001).  

Muscle protein synthesis may also be affected by oxidative stress, which can lead to 

mitochondrial damage. According to the Free Radical Theory, radical damage that occurs in cells 

over time causes aging (Harman, 1956). The nucleus of an atom is surrounded by a cloud of 

electrons, and two electrons together form a pair. If one of those electrons in that pair is lost, it 

forms a free radical, which is very unstable and highly reactive. This free radical will bind to 

other molecules and “steal” an electron to complete its own electron shell, thus creating another 

free radical on that molecule or altering the molecule’s composition, ultimately causing damage 

to the molecule (Widmaier, Raff, & Strang, 2014). In addition to pollutants and chemicals in the 
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environment, such as cigarette smoke, that cause free radicals to occur, the body naturally 

produces free radicals as by-products through various processes including the breakdown of fatty 

acids by peroxizomes, eliminating toxins by an enzyme called Cytochrome P450, removing 

foreign substances by white blood cells, and the generation of ATP by the mitochondria (Ames, 

Shigenaga, & Hagen, 1993; Beckman & Ames, 1998; Shacter, Beecham, Covey, Kohn, & Potter, 

1988).  

Mitochondria are organelles found in all cells of the body with the exception of red blood 

cells, and produce most of the energy needed for the body’s cells and organs to function 

(Widmaier et al., 2014). The mitochondria are the primary location for free radical production, 

and they therefore are more susceptible to free radical damage (Harman, 1972). They also house 

their own DNA, which is not protected by repair enzymes and histone proteins like nuclear 

DNA. Thus, they are more subject to damage without the ability to repair themselves (Richter, 

1995). Oxidative damage in the mitochondria is evident in aged muscle, and results in the 

impairment of ATP production (Wanagat, Cao, Pathare, & Aiken, 2001). A lower concentration 

of mitochondrial DNA in older muscle has also been reported (Welle et al., 2003). In addition, 

mitochondria DNA damage, specifically deletions in the DNA sequence has been found to be 

associated with sarcopenia (Wanagat et al., 2001). The increased oxidative stress and 

mitochondrial decrements leading to a reduced ability to produce ATP may not only lead to 

functional limitations and increased risk for chronic diseases, but it may ultimately impair 

muscle protein synthesis as ATP production is required for this process (Deschenes, 2004). 

Muscle protein synthesis is regulated by the mammalian target of rapamycin (mTOR) 

signaling pathway. This pathway has two main protein complexes: mTOR compex 1 (mTORC1) 

and mTOR complex 2 (mTORC2) (Laplante & Sabatini, 2009). mTORC1 is the main regulator 
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of muscle protein synthesis through its signaling actions that promote anabolic responses and 

inhibit catabolic reactions. The mTOR pathway is mainly stimulated by amino acids, glucose, 

and growth factors such as insulin and insulin-like growth factor I and II (IGF-I; IGF-II) 

(Laplante & Sabatini, 2009). When mTORC1 is stimulated, it phosphorylates the eukaryotic 

initiation factor 4E (eIF4E)-binding protein 1 (4E-BP1) and the ribosomal protein S6 kinase 1 

(S6K1), which then regulates the production of proteins required for mRNA translation (Guillet 

et al., 2004). Conversely, inhibition of mTORC1 results in controlled degradation of proteins, a 

process known as autophagy. This is stimulated by low nutrient uptake and rapamycin (Zoncu, 

Efeyan, & Sabatini, 2011). While less is known about mTORC2, it may play a role in muscle 

protein synthesis as it interacts with ribosomes during translation for protein biosynthesis 

(Soliman, 2015; Zinzalla, Stracka, Oppliger, & Hall, 2011).  

 

Hormonal Changes 

 

Another factor that may affect muscle protein synthesis is the changes in circulating 

hormones that occur with advancing age. Testosterone, a hormone that assists in the maintenance 

of muscle growth and protein synthesis, primarily circulates in the body bound to albumin or 

sex-hormone binding globulin. Only a small percentage of testosterone (2-3%) is free or active 

(Krakowsky & Grober, 2015). Total testosterone in men falls at a rate of about 1.6% per year 

with free testosterone declining at an even faster rate of 2-3% per year beyond the age of 40 

years in the average sedentary adult (Feldman et al., 2002). In addition, testosterone levels are 

positively associated with muscle strength and BMD and negatively related to fat mass in older 

men (van den Beld, de Jong, Grobbee, Pols, & Lamberts, 2000). Testosterone replacement in 

older men has been shown to improve muscle body mass (Tenover, 1992), strength (Sih et al., 

1997), and protein synthesis (Urban et al., 1995). While testosterone levels in women are much 
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lower than in men, testosterone is also positively related to muscle strength, muscle mass, and 

BMD in women (van Geel, Geusens, Winkens, Sels, & Dinant, 2009). While there is conflicting 

evidence concerning changes in testosterone levels with aging in women (Cappola et al., 2007; 

van Geel et al., 2009), certain factors such as estrogen medications, bilateral oophorectomy, and 

a low body mass index (BMI) can actively lower testosterone levels, which may impact muscle 

mass, protein synthesis, strength, and bone in women (Cappola et al., 2007). Conversely, excess 

androgen levels in women can have a negative health impact as they increase the risk for insulin 

resistance and diabetes (Oh, Barrett-Connor, Wedick, & Wingard, 2002). 

 In addition, to testosterone, another anabolic hormone, growth hormone (GH) is altered 

with increasing age. GH is released in a pulsatile pattern from the anterior pituitary gland. Its 

release is controlled by an interaction between two hormones released from the hypothalamus: 

growth hormone releasing hormone (GHRH), which stimulates GH release, and somatostatin 

(SST), an inhibitor to GH release (Hadley & Levine, 2007). GH further stimulates the production 

and release of growth-promoting hormones known as somatomedins from the liver, which 

include IGF-I and IGF-II, which are positive stimulators of the mTOR pathway. These 

somatomedins also act to regulate the release of GH through a negative feedback mechanism by 

stimulating SST and inhibiting GHRH (Hadley & Levine, 2007). GH peaks early in life during 

periods of rapid growth and begins to decline once adulthood is reached, with further losses 

occurring with age beginning around the 4th decade of life (Bartke, 2008). These age-related 

changes in GH may be due to the decline in the ability to secrete GHRH and synthesize GH 

(Frutos et al., 2007; Kuwahara, Sari, Tsukamoto, Tanaka, & Sasaki, 2004), ultimately leading to 

lower circulating IGF-I levels with age. This decline in the activity of these hormones, known as 

somatopause, may potentially contribute to the loss in muscle mass and increased adiposity that 
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accompanies aging (Bartke, 2008). Cappola, Bandeen-Roche, Wand, Volpato, and Fried (2001) 

found that older women with lower IGF-I levels also had lower strength levels, walking speed, 

and less mobility than those with higher IGF-I levels. Additionally, GH levels may be further 

altered by body fat as obese individuals have shown suppressed GH concentrations over a 24-

hour period (Veldhuis, Iranmanesh, & Weltman, 1997). Therefore, the increase in body fat that 

occurs with age, and possibly as a result of declining GH, may potentially lower GH levels even 

more. Lower levels of GH are also associated with the loss in muscle mass that occurs with aging 

(Welle, 1998). Differences have been found in men and pre-menopausal women of the same age 

with men experiencing a decline that is two-times that of women, suggesting that the presence of 

estrogen may serve as a protective factor against loss of GH. It has been suggested that greater 

testosterone and estrogen levels influence the regulation of the pulsatile release of GH from the 

gonadotrophs via feedback to the hypothalamus (Bartke, 2008). Conversely, while GH may have 

negative effects on muscle mass and body composition, there is evidence to suggest that the 

gradual decline in GH may serve as a protective factor against age-related diseases as well as 

promote longevity (Bartke, 2008). Therefore, treatments aimed specifically at increasing GH for 

the improvement in strength and body composition measures may have negative effects on other 

health aspects in an older adult.  

 Another complication that may develop with aging, especially with the increase in 

obesity that occurs with aging, is insulin resistance. The intake of carbohydrates as well as other 

macronutrients results in the release of the hormone insulin from the pancreas, which acts to 

reduce the glucose concentrations in the blood by promoting the uptake of glucose mainly by 

muscle and adipose tissue. This occurs by the binding of insulin to the insulin receptor on the 

cell, which stimulates the transport of glucose into the cell through the activation of a protein 
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known as GLUT4 (Abel et al., 1999; Olson & Pessin, 1996). If the insulin receptor activation is 

impaired, GLUT4-facilitated glucose uptake by the cell is inhibited, and the cell loses its ability 

to remove glucose from the blood (Garvey et al., 1998). This is known as insulin resistance, 

which is characterized by the decreased sensitivity of a cell to the insulin concentration it is 

exposed to. This ultimately leads to hyperinsulinemia caused by increases in insulin amounts 

secreted by the pancreas in order to elicit an adequate response to glucose (DeFronzo & 

Tripathy, 2009). This compensatory effect will cause the downregulation of insulin receptors, a 

reduced receptor affinity for insulin, and a decrease in kinase activity of the receptor via negative 

feedback mechanisms (Shanik et al., 2008), which could lead to greater insulin resistance. The 

decreased muscle mass and oxidative capacity along with the increase in fat mass in older adults 

places them at a higher risk for the development of diabetes as there is less muscle for glucose 

storage and greater amounts of lipid accumulation in the muscle and liver (Koopman & van 

Loon, 2009). Diabetes in older adults further accelerates muscle loss through several potential 

mechanisms. The greater amount of lipid accumulation in the muscle has been shown to decrease 

strength and physical function (Sakkas et al., 2006). Insulin resistance can also decrease the 

activity of anabolic hormones and inhibit the activity of the mTOR pathway (Laplante & 

Sabatini, 2012).  

Changes in muscle mass in older adults may be further impacted by chronic 

inflammation. An inflammatory response is the process in which the immune system is activated 

by an infection or tissue injury (Medzhitov et al., 2008). In response to injury or infection, cells 

known as mast cells, which are located in most tissues of the body, become activated by the 

binding of immunoglobulin E (IGe) on their surface receptors or via direct contact with the 

pathogen by the pattern recognition receptors that recognizes molecules that are associated with 
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groups of pathogens known as pathogen-associated molecular patterns (Urb & Sheppard, 2012). 

Mast cells secrete molecules stored in secretory vesicles including histamine, serotonin, TNFa, 

kinins, and proteases. Once activated, these cells also begin to produce and secrete leukotrienes, 

prostaglandins, and platelet activated factor (PAF). Several hours after injury, mast cells secrete 

additional cytokines and vascular endothelial growth factor (VGF) (Theoharides et al., 2012). 

The molecules that are immediately released by these mast cells act as mediators of the 

inflammatory process to promote the movement of immune cells to the injured area for tissue 

repair. Vasodilation and increased permeability of the blood vessels is induced by the binding of 

histamine to histamine receptors on the endothelium, allowing fluid and immune cells to pass 

through the endothelial wall to travel to the injured area. Histamine also serves as a chemotactic 

agent through its binding of histamine receptors on immune cells including monocytes, 

eosinophils, dendritic cells, and T cells, attracting them to the injured area (Zampeli & Tiligada, 

2009). Serotonin also causes chemotaxis of immune cells (Boehme et al., 2004; Duerschmied et 

al., 2013; Kushnir-Sukhov et al., 2006). TNF-a increases the expression of several proteins in 

endothelial cells such as ELAM-1 and intercellular adhesion molecule, that promote leukocyte 

adhesion to the endothelium and eventual migration out of the blood vessel to the injured area 

(Norman, Lister, Yang, Issekutz, & Hickey, 2005; Walsh, Trinchieri, Waldorf, Whitaker, & 

Murphy, 1991). Leukotrienes, prostaglandins, and platelet activity factors also aid in 

vasodilation, increased permeability of blood vessels, and chemotaxis (Medzhitov et al., 2008). 

The injured tissue also secretes chemicals called leukocytosis inducing factors that promote the 

release of neutrophils from the bone marrow and migration to the site of injury (Marieb & 

Hoehn, 2018). The increased blood flow, permeability, and migration of cells to the injury cause 

the redness, swelling, and heat associated with inflammation (Marieb & Hoehn, 2018).  
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Once these cells have reached the injured area, they act to clear the area of dead tissue 

cells and pathogens so that the tissue can undergo repair. Neutrophils become activated and 

release toxic chemicals such as reactive oxygen species that attack both the pathogen along with 

some parts of the tissue itself (Medzhitov, 2008; Nathan, 2002). Monocytes enter the injured area 

after neutrophils and differentiate into macrophages. These cells act as phagocytes that engulf 

cellular debris and remove neutrophils and their products to protect the tissue from damage and 

allow for repair (Koh & DiPietro, 2011; Mosser & Edwards, 2008). Macrophages also produce 

growth factors that stimulate cell proliferation and tissue repair (Koh & DiPietro, 2011). Both 

macrophages and neutrophils secrete inflammatory cytokines including TNF-a and interleukin 1 

(IL-1), which help recruit additional macrophages and further stimulate the production of 

interleukin-6 (IL-6), a pro- and anti-inflammatory cytokine (Addison, LaStayo, Dibble, & 

Marcus, 2012). IL-6 promotes T-cell differentiation of helper T cells and activation of B cells 

that fight the pathogen while also activating anti-inflammatory cytokines that ultimately ends the 

inflammatory process (Addison et al., 2012). Another inflammatory marker, C-reactive protein is 

produced by the liver in response to IL-6. It acts to further enhance the inflammatory response by 

binding to damaged tissue to activate phagocytosis by other molecules (Du Clos, 2000). It is also 

activates other inflammatory cytokines (Du Clos, 2000).  

 While acute inflammation eventually subsides once the injured tissue is repaired, if the 

acute response fails to repair the tissue and remove the pathogen or other causes of tissue damage 

are present, the inflammatory process continues, resulting in a chronic inflammatory state 

(Medzhitov, 2008). Aging is associated with chronic inflammation and is characterized by the 

elevation of inflammatory markers including IL-6, TNF-a, and CRP. While the mechanisms 

underlying this increased inflammatory state in older adults are not fully understood, it may be 
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the result of several factors associated with aging including dysregulation of the immune system, 

chronic diseases, decreased physical activity, and increased fat mass (Addison et al., 2012). 

Chronic inflammation is also associated with decreased force production and muscle mass. 

Higher inflammatory cytokine levels are also associated with lower muscle mass (Schaap, 

Pluijm, Deeg, & Visser, 2006; Marjolein Visser et al., 2002) in older adults. This may be due to a 

direct effect on the muscle as Reid, Lännergren, and Westerblad (2002) reported an inhibition in 

contractile force of both diaphragm and limb muscles from mice when exposed to TNF-a (Reid 

et al., 2002). High inflammatory levels may also be mediated by increases in body fat associated 

with aging as adipose tissue expression of IL-6 and TNF-a is increased in those who are obese 

(Greenberg & Obin, 2006). Higher levels of inflammatory markers, IL-6, TNF-a, and CRP, have 

been found to be associated with a greater loss in muscle area of the thigh over the course of five 

years in older adults, however; these associations were no longer significant when controlling for 

changes in body weight (Schaap et al., 2009).  

 

Behavioral Factors 

 

Physical inactivity is highly prevalent among older adults. While it may not be an 

inherent physiological mechanism of aging, it is a behavior that is common among older adults 

and may accelerate the natural aging process. Few Americans regularly engage in physical 

activity. Only 51.7% of US adults meet the aerobic activity recommendation of 150 minutes of 

moderate physical activity per week, while 78.3% of adults do not meet the minimum 

recommendation for aerobic activity and strength training (Clarke et al., 2017). This figure 

becomes an even greater concern as age increases with only 37.1% of adults aged 65 to 75 years 

and 24.3% of those older than 75 years meeting the recommended amounts of physical activity 

(Schoenborn, Adams, & Peregoy, 2013). Additionally, a high percentage of the older adult 
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population, 26.9% of adults aged 65-74 years, and 35.3% of adults aged 75 years or older, report 

not engaging in even low levels of physical activity including leisure, household, or 

transportation activities (Watson et al., 2016). What is even more problematic is that even fewer 

older adults engage in resistance type activity that has been shown to be more beneficial in 

preventing muscle and bone loss than aerobic type activities. Similar to the effects of obesity, 

sedentary behavior is a risk factor for heart disease and exacerbates the age-related declines in 

cardiovascular fitness, muscular strength, balance, and functionality while increasing a person’s 

susceptibility to chronic diseases, disability (Watson et al., 2016), and early morbidity (Blair & 

Brodney, 1999).  

Exercise intervention studies have shown that older adults can achieve positive benefits 

of improved muscular strength, increased muscle mass, improved functionality, and greater 

protein synthesis in response to both cardiovascular and resistance training programs (Dickinson, 

Volpi, & Rasmussen, 2013; Konopka & Harber, 2014; Latham, Bennett, Stretton, & Anderson, 

2004). Several cross-sectional studies have demonstrated that chronic exercise for a long period 

of time may help reduce the muscle and strength declines that occur with advancing age. 

Wroblewski et al. (2011) found that muscle was preserved in masters athletes who trained 4-5 

days per week, with no differences in muscle mass and mid-thigh total area between those in the 

70 and older age group and any of the younger age groups (40-49 yrs, 50-59 yrs, and 60-69 yrs). 

In addition, the chronic exercise in these masters athletes prevented the infiltration of fat into the 

muscle that is often seen in sedentary older adults (Wroblewski et al., 2011). In a study of senior 

endurance athletes aged 65 years and older, McCrory et al. (2009) found that thigh muscle 

strength was greater in elite older athletes compared to their sedentary aged-matched 

counterparts. Likewise, Sipila, Viitasalo, Era, and Suominen et al. (1991) reported higher leg 
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strength in endurance, strength, and speed-trained athletes between the ages of 71 and 80 years 

compared to sedentary aged-matched controls. While both endurance and resistance training may 

be beneficial in attenuating age-related muscle strength loss, resistance training may be more 

effective in the preservation of muscle mass and prevention of type II muscle fiber atrophy. 

Aagaard and colleagues (2007) showed that both lifelong resistance and endurance older athletes 

had higher leg strength than untrained older adults; however, resistance trained individuals had 

greater type I, IIA, and IIx muscle fiber area compared to the endurance trained athletes, 

suggesting that chronic resistance training may be more advantageous than endurance exercise in 

preserving muscle size and preventing type II muscle fiber atrophy with age. Furthermore, even 

small amounts of physical activity can have positive effects as He and Baker (2005) showed that 

risk for developing a new disability decreased by 22.8% among individuals reporting any amount 

of physical activity compared to those reporting no physical activity. Another study that assessed 

strength and physical function showed that greater physical activity was associated with greater 

strength (Rantanen et al., 1999). In addition, lower physical activity levels had a greater 

contribution to motor disability than musculoskeletal pain and disease. Chronic physical activity 

may exert its effects on muscle mass, strength, and function through its activation of hormones 

and stimulation of muscle protein synthesis (Rantanen et al., 1999).  

In addition to physical activity, nutritional status among older adults influences muscle 

mass and strength. Dietary protein intake is required for muscle protein synthesis as the rate of 

protein synthesis increases after proteins are absorbed following a meal (Norton & Layman, 

2006). While protein intake in older adults is associated with the maintenance of lean mass, the 

amount of protein intake tends to decrease with increasing age (Fulgoni, 2008). It is estimated 

that 24% of males and 32% of females between the ages of 60 and 69 years do not meet the 
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recommended daily allowance (RDA) for protein of 0.8 g/kg of body weight per day. The 

prevalence further increases with age as 38% of males and 41% of females over the age of 70 

years fail to meet the recommendations (Kerstetter, O’Brien, & Insogna, 2003). In addition, the 

stimulation of muscle protein synthesis following ingestion of protein seems to be blunted in 

older adults (Cuthbertson et al., 2005; Fujita & Volpi, 2006; Katsanos, Kobayashi, Sheffield-

Moore, Aarsland, & Wolfe, 2005). This is known as anabolic resistance. Cuthbertson et al. 

(2005) reported that older men had both decreased sensitivity and responsiveness to protein 

intake compared to younger men as 40 grams of protein ingestion in older men produced a rate 

of muscle protein synthesis that was less than the rate seen in younger men after ingestion of 10 

grams of protein. Katsanos et al. (2005) observed a diminished uptake of amino acids by the leg 

muscles in older participants after ingestion of a bolus of essential amino acids. In addition, there 

may be a diminished ability to activate the phosphorylation of 70 kDa ribosomal protein S6 

kinase 1 (S6K1), a key regulator of the mTOR pathway (Guillet et al., 2004). The mTOR 

pathway regulates protein synthesis through a protein complex called mTOR (Laplante & 

Sabatini, 2009). Amino acids, especially leucine, are one of the major stimulants for mTORC1. 

Once activated, mTORC1 phosphorylates the eukaryotic initiation factor 4E (eIF4E)-binding 

protein 1 (4E-BP1) and the ribosomal protein S6 kinase 1 (S6K1), which then regulates the 

production of proteins required for mRNA translation (Guillet et al., 2004). Therefore, a reduced 

capacity to phosphorylate S6K1 in older adults would lead to a reduced rate of muscle protein 

synthesis.  

Greater protein intake among older adults has also been found to preserve lean mass. In a 

three-year follow-up study, Houston et al. (2008) found that older adults who consumed an 

average protein amount of 1.2 g/kg of body weight had a loss of lean body mass that was 40% 
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less than those who consumed an average of 0.8 g/kg of body weight. Therefore, protein intake 

that exceeds the recommended RDA has been suggested for older adults in order to prevent 

muscle loss and promote muscle protein synthesis. It has also been suggested that the anabolic 

resistance experienced by older adults may be reversed by the ingestion of essential amino acids 

that are high in leucine content as leucine is required for the activation of mTORC1 (Katsanos, 

Kobayashi, Sheffield-Moore, Aarsland, & Wolfe, 2006). 

Older adults may receive the most benefits from the combination of physical activity and 

protein intake as physical activity performed prior to protein intake has been found to enhance 

the uptake of amino acids by the muscle and stimulate greater muscle protein synthesis in both 

young and older adults (Burd et al., 2011; Pennings et al., 2011). Pennings et al. (2011) observed 

a greater incorporation of amino acids into the muscle when 20 grams of protein was ingested 

following a resistance training exercise bout with no difference found between young and older 

men. Arciero, Baur, Connelly, and Ormsbee (2014) implemented a 16-week protein 

supplementation and exercise intervention in middle-aged men and women where participants 

received whey protein and completed either 2 days of resistance training and 2 days of high 

intensity intervals (P + RT) or one day each of functional resistance training, interval sprint 

training, stretching/yoga/Pilates, and endurance exercise (PRISE) to total 4 days of exercise per 

week. When compared to a group that consumed whey protein without exercise, they found an 

increase in the total percentage of lean mass, with the PRISE group having the greatest percent 

improvement. Arm lean mass increased in the P + RT and PRISE groups while there was no 

change in the protein only group. Leg lean mass remained unchanged in both protein and 

exercise groups while it decreased in the protein only group (Arciero et al., 2014). Furthermore, 

fourteen days of physical inactivity or bed rest has been shown to reduce the rate of muscle 
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protein synthesis in response to amino acid ingestion in younger adults (Biolo et al., 2004; 

Glover et al., 2008). Moreover, seven days of bed rest decreased muscle mTORC1 activation and 

muscle protein synthesis response to amino acid intake in older adults (Drummond et al., 2012). 

Therefore, physical inactivity along with poor nutrition among older adults can further accelerate 

the loss of muscle mass and ultimately have a negative impact on muscle strength and function in 

older adults.  

 

Muscle Mass Loss in BCS 

 

Cancer treatment as well as changes in physical activity levels, often as a result of 

treatment side effects, can contribute to muscle mass loss in BCS both during and following 

treatment. While Harvie, Campbell, Baildam, and Howell (2004) did not observe changes in 

muscle mass during the chemotherapy treatment period in breast cancer patients, they did find a 

significant reduction in muscle mass six months after the completion of treatment. Freedman et 

al. (2004) reported a 2.2% decrease in muscle mass during treatment that was further accelerated 

to a 3.8% loss six months following the completion of treatment in 20 patients receiving adjuvant 

chemotherapy. Kutynec, McCargar, Barr, and Hislop (1999) also reported reductions in total 

muscle body mass and muscle mass in the legs as a result of either chemotherapy or radiation 

treatment. Furthermore, Prado et al. (2011) observed a sarcopenia prevalence of 25% among 55 

BCS with an average age of 54.8 ± 10.0 years, a figure that is equivalent to the prevalence 

observed among women who are over the age of 80 years (von Haehling et al., 2010). The 

magnitude of these changes may be related to menopausal status as those who have 

chemotherapy-induced ovarian function may be at a greater risk for loss of muscle mass (Gordon 

et al., 2011). Interestingly, these losses in muscle mass are often accompanied by no change 

(Kutynec et al., 1999; Freedman et al., 2004) or a gain in weight (Harvie et al., 2004). This 
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indicates that BCS may be at a higher risk for sarcopenia, which not only plays a significant role 

in strength, physical function, and quality of life, but it can also place BCS at a higher risk for 

toxicity from chemotherapy treatment as changes in body composition may be masked by the 

absence of weight loss (Prado et al., 2011). 

 The mechanisms underlying these changes in muscle mass are not fully understood. 

Bonifati et al. (2000) found that direct administration of chemotherapy agents melphalan and 

doxorubicin, both of which are used in breast cancer treatment, via hyperthermic isolated limb 

perfusion resulted in damage to the neuromuscular system resulting in atrophy of both type I and 

type II fibers. They suggested these changes may be due to the following mechanisms: 1) a 

chemotherapy-induced obstruction of myoblast fusion by inhibiting MyoD expression, a 

transcription factor that is responsible for activating genes required for myogenesis; 2) a 

suppression of transcripts that code for myofibrillar and energy production proteins; and 3) an 

increase in maximal tension in the fibers via interaction with the cross-bridges, which ultimately 

leads to damage of the contractile proteins (Bonifati et al., 2000). In addition, van  Norren et al. 

(2009) showed that exposure of the extensor digitorum from a rat model to doxorubicin resulted 

in lower muscle performance during single and multiple contractions and reduced relaxation 

velocity. The authors suggest that prolonged doxorubicin exposure may impair the mitochondria 

or sarcoplasmic reticulum ability to re-uptake calcium, which may ultimately lead to apoptosis of 

the muscle cell due to excess exposure to calcium (van Norren et al., 2009). 

 

Aging and Cancer Treatment Effects on BMD 

 

Another component of body composition that is affected by advancing age is bone. Bone is 

composed of two types of bone: cortical, which composes the outer layer, and trabecular bone, a 

spongy bone that contains bone marrow and supports the formation of red blood cells. Bone 
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mineral density (BMD), which is generally assessed using the DXA, reflects the concentration of 

the mineral content of bone, and is the standard tool for diagnosing osteoporosis. Bone is 

constantly undergoing modification through the creation of new bone via osteoblasts and bone 

breakdown to distribute needed minerals such as calcium into the blood via osteoclasts 

(Widmaier et al., 2014). Similarly to muscle mass and strength, bone mass peaks between the 

ages of 25 and 30 years, with gradual declines of the vertebral and lumbar regions beginning in 

early adulthood with maintenance of the appendicular skeleton (Riggs et al., 1981). Losses in 

bone accelerate around the age of 50 years, with a total reduction in BMD of 14% and 47% in 

men and women respectively across a lifetime (Riggs et al., 1981). Thirty-five percent of the 

bone loss is associated with cortical bone while 50% is related to trabecular bone (Riggs et al., 

1982). Women experience a greater decline in BMD during menopause since the natural 

production of estrogen is reduced causing an accelerated loss in BMD (Gallagher, 2007; Okano 

et al., 1998).  

The World Health Organization (WHO) defines osteoporosis as a BMD that is greater 

than 2.5 standard deviations below the peak BMD for young adults (Camacho et al., 2016). 

Osteopenia, while less severe, is diagnosed when BMD is between 1.0 and 2.5 standard 

deviations below the reference BMD of young adults (Camacho et al., 2016). Osteopenia can 

place an individual at a higher risk for fractures and eventually leads to osteoporosis. 

Osteoporosis, diagnosed at the lumbar spine or femoral neck, is prevalent in 16.2% of older 

adults above the age of 65 years in the US. It is more common in older women (24.8%) than men 

(5.6%) (Looker & Frenk, 2015). An additional 43.8% of older adults 65 years and older have 

osteopenia (Looker & Frenk, 2015). Osteoporosis is linked to an increase susceptibility to 
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fractures that can lead to increased disability, decreased quality of life, and higher risk for 

mortality (Melton, 2003).  

 

Mechanisms of Bone Loss in Healthy Aging 

 

Bone is continuously undergoing modification via bone breakdown or formation in 

response to mechanical loading, nutrition, hormones, and nutrient needs of the body. This 

process allows for the preservation of bone tissue, repair and removal of damaged bone, and 

maintenance of calcium homeostasis (Kini & Nandeesh, 2012). While the balance of bone 

formation and breakdown is tightly regulated to help maintain bone mass, with aging there 

becomes a shift in this balance as bone resorption begins to exceed bone formation (Demontiero, 

Vidal, & Duque, 2012).  

The most common type of cells, that make up the bone are osteocytes, which constitute 

95% of all bone cells (Rochefort, Pallu, & Benhamou, 2010). Osteocytes are formed from 

osteoblasts that become imbedded into the bone, and are considered the key regulators in bone 

remodeling. These osteocytes serve as mechanoreceptors, detecting mechanical stress and load. 

While the specific process of mechanical stimuli detection and subsequent modification of bone 

by the osteocytes is unknown, there is some evidence to suggest that the mechanical load 

stimulates a flow of interstitial fluid through the matrix that surrounds the osteocytes to activate 

the osteocytes (Weinbaum, Cowin, & Zeng, 1994). Once activated, they stimulate the production 

of molecules such as nitric oxide (NO), prostaglandins, and Wnts that stimulate activity of 

osteoblasts (Robling & Turner, 2009) and inhibit osteoclasts (Tan et al., 2007), ultimately 

leading to bone formation. Due to this mechanical stimulus that is essential for bone formation, 

the increased sedentary lifestyle among older adults is a risk factor for bone loss. Chastin, 

Mandrichenko, Helbostadt, and Skelton (2014) observed a negative association between time 
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spent in sedentary behavior and BMD of the femur in women, independent of physical activity 

levels. Similar findings were observed by Braun, Kim, Jetton, Kang, and Morgan (2015) found 

that a greater amount of sedentary behavior was predictive of poor femoral bone mineral content 

and BMD in older women.  

In addition to mechanical stimuli, nutrition plays a large role in bone loss and risk for 

fractures in older adults. Calcium is a major mineral component of bone and is also necessary for 

muscle contractions, nerve signal transmission, secretion of hormones, and clotting of blood 

(Bailey et al., 2010). The recommended adequate intake for calcium to maintain BMD in older 

men and women is 1200 mg/day. Only a small percentage of older adults have been reported to 

obtain the recommended levels. Bailey et al. (2010) found that only 39% of women over the age 

of 51 years, 32% of men between the ages of 51 and 70 years, and 31% of men over 70 years 

obtain the recommended amount of calcium. When intake of calcium through diet or 

supplements is chronically lower than the amount needed to perform its functions in the body, 

the stored calcium will be released into the blood from the bones via the parathyroid hormone to 

be used. Therefore, a diet that is chronically low in calcium will place an older adult at a higher 

risk for BMD loss and osteoporosis (Tang, Eslick, Nowson, Smith, & Bensoussan, 2007). 

Another factor the affects calcium levels in the bone is vitamin D. Vitamin D serves to increase 

absorption of calcium across the intestinal wall (Heaney, 2008). Although Vitamin D can be 

acquired through the diet and sun exposure, approximately 41.6% of US adults have been found 

to be vitamin D deficient with the highest prevalence found between the ages of 55 and 64 years 

(Forrest & Stuhldreher, 2011). Supplementation with both calcium and vitamin D has been found 

to preserve BMD and decrease the risk for fractures (Tang et al., 2007). Therefore, diets low in 
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calcium and vitamin D among older adults can have negative impacts on BMD and bone mass, 

ultimately placing older adults at increased risk for osteoporosis, fractures, and falls. 

Hormonal changes with age, especially in women, can have profound effects on BMD. 

One specific hormone that largely impacts BMD in women is estrogen, a steroid hormone that is 

mainly secreted by the ovaries (Riggs, Khosla, & Melton, 2002). Estrogen helps maintain BMD 

by decreasing the activity of osteoclasts through preventing the formation of osteoclasts and 

reducing their lifespan by inducing apoptosis in these cells (Hughes et al., 1996). In addition, it 

has been suggested that estrogen also exerts its effects on osteoblasts by increasing formation, 

proliferation, and function of the cells (Qu et al., 1998; Riggs et al., 2002) and reducing 

apoptosis (Gohel, McCarthy, & Gronowicz, 1999). Furthermore, estrogen has been found to 

decrease the production of pro-inflammatory cytokines, such as IL-1, IL-6, and TNFa, in the 

bone, all of which increase bone resorption (Riggs et al., 2002). With the onset of menopause, 

the natural production of estrogen is reduced. This results in higher osteoclast activity along with 

lower osteoblast formation, causing an acceleration in the loss of BMD, with trabecular bone 

undergoing a more rapid loss for the first five years following the onset of menopause 

(Gallagher, 2007; Okano et al., 1998).  

 

Bone Loss in BCS 

 

Breast cancer treatments can have negative effects on BMD in BCS both through a direct 

effect on the bone and indirectly through their effects on ovarian function and estrogen 

production. While aging is associated with a gradual loss in BMD, especially at the onset of 

menopause, cancer treatment can accelerate this process, placing BCS at a greater risk for 

osteoporosis and bone fractures. Chen et al. (2005) reported a prevalence of osteoporosis in 

27.0% of BCS compared to 19.4% of women who never had cancer (Chen et al., 2005). 
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Similarly, Conde et al. (2012) found that BCS were over four times more likely to have 

osteopenia or osteoporosis at the femoral neck, trochanter, or Ward’s triangle compared to 

women who never had cancer (Conde et al., 2012).  

Chemotherapy is one type of treatment that can have a negative impact on bone. 

Postmenopausal BCS who have received adjuvant chemotherapy have lower BMD than BCS 

who have not undergone chemotherapy (Greep et al., 2003). A small pilot study reported 

accelerated BMD loss during the first six months following chemotherapy treatment in 

postmenopausal women (Robinson et al., 2005). This accelerated bone loss is partly due to 

ovarian failure caused by chemotherapy treatment as Shapiro et al. (2001) reported a 4.0% 

decrease in spine BMD during the first six months of chemotherapy treatment and an additional 

3.7% reduction between six months and twelve months of treatment in BCS who experienced 

chemotherapy-induced ovarian failure. This accelerated loss due to chemotherapy-induced 

ovarian failure continues even after the completion of treatment as Vehmanen et al. (2001) 

reported significant bone loss between two and five years following chemotherapy-induced 

ovarian failure. With ovarian failure, the amount of estrogen produced by the ovaries rapidly 

declines (Molina et al., 2005). As mentioned previously, estrogen maintains BMD by preventing 

the formation of osteoclasts and reducing their lifespan (Hughes et al., 1996) as well as 

promoting the activity of osteoblasts (Qu et al., 1998; Riggs et al., 2002). Therefore, the 

decreased estrogen levels associated with ovarian failure allow for increased osteoclast activity, 

leading to bone resorption, and ultimately bone loss (Hirbe et al., 2006).  

Chemotherapy also has direct effects on the bone. While the mechanisms underlying 

these direct changes are not fully understood, cyclophosphamide, a type of chemotherapy 

treatment, has been found to reduce the thickness of the bone cartilage layer, reduce the number 
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of cells that are prechondroblasts (precursers to chondroblasts that maintain the bone matrix), 

and reduce the number of both osteoblasts and osteoclasts on the condyles of the bone in a rat 

model (Wang & Shih, 1986). A study examining the effects of doxorubicin and methotrexate in a 

maturing rat model found that the tibia in rats exposed to doxorubicin or methotrexate had less 

bone growth compared to those not exposed to treatment (Van Leeuwen, Kamps, Jansen, & 

Hoekstra, 2000). Methotrexate may exert its effects by inhibiting DNA synthesis and decreasing 

production of osteoclasts and osteoblasts (Wheeler et al., 1995).  

Aromatase inhibitors and tamoxifen also cause accelerated bone loss in BCS. A review 

by Hadji (2009) estimates the rate of bone loss from aromatase inhibitors at the lumbar spine and 

hip range from 1.7% to 5.8% per year. This has been found in both pre- and post-menopausal 

women (Chang, Chen, & Liu, 2015; Hadji, 2009). Tamoxifen, conversely, is associated with 

accelerated loss in bone in premenopausal women, but may actually serve as a protective factor 

against loss of bone in post-menopausal women (Vehmanen, Elomaa, Blomqvist, & Saarto, 

2006). While a five-year treatment period in post-menopausal BCS resulted in bone loss in 

women treated with aromatase inhibitors, those who were on tamoxifen saw a slight increase in 

BMD (Eastell et al., 2008). Aromatase inhibitors act by reducing circulating estrogen, which 

ultimately has a negative effect on bone. The reason underlying the opposing effects of 

tamoxifen is unknown although it has been suggested that tamoxifen may serve as a bone 

antagonist when there are high levels of estrogen and a bone agonist when there are low levels of 

estrogen (Michaud & Goodin, 2006). 

 

Aging and Cancer Treatment Effects on Body Fat 

 

Another alteration in body composition that occurs with advancing age in those who are 

inactive is an increase in total fat mass and changes in body fat distribution. Reports on aging 
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and body weight changes are inconsistent with observed declines in body weight after the age of 

60 years (Carmelli, McElroy, & Rosenman, 1991), observed increases in body weight (Guo, 

Zeller, Chumlea, & Siervogel, 1999), and a report of no change (Hughes et al., 2004). 

Longitudinal and cross-sectional data on body fat, however, have shown that body fat percentage 

continues to increase by a rate of 1% of fat mass per year or an increase in body fat percentage 

by 1% per decade regardless of changes that may occur in body weight (Kuk, Saunders, 

Davidson, & Ross, 2009).  While these changes can be attenuated through chronic physical 

activity, since the majority of adults in the United States are not physically active (Clarke et al., 

2017), most are susceptible to these negative body composition changes. Not only has body fat 

been found to increase, but there is also a shift in body fat distribution as more fat accumulates in 

the visceral area. This increase in central adiposity in older adults has been observed through 

increases in both waist circumference measurements and abdominal fat measured by DXA 

(Madsen, Lauridsen, Hartkopp, & Sørensen, 1997). Furthermore, fat begins to infiltrate the 

muscle in older adults, causing an increase in intramuscular adipose tissue (Jubrias, Odderson, 

Esselman, & Conley, 1997). 

 

Body Weight and Fat Mass Gains in BCS 

 

 Weight gains both during and after treatment is another adverse effect of breast cancer 

treatment. This combined with the aforementioned losses in muscle and BMD, termed 

osteosarcopenic obesity, can be lead to a variety of negative health outcomes as each factor is 

associated with its own health consequences and when combined, they can have greater  negative 

impacts on outcomes such as physical function, QOL, and prognosis for breast cancer (Ormsbee 

et al., 2014). Aslani, Smith, Allen, and Levi (1998) reported a 2.1 kg increase in body weight 

during the time interval between the second and sixth chemotherapy cycles. Another study found 
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that BCS gained 1.6 kg within the first year of diagnosis with 84.1% of the women experiencing 

weight gain (Goodwin et al., 1999). This weight gain appears to be sustained even after treatment 

as longer follow-up studies have shown that these changes persist. Levine, Raczynski, and 

Carpenter (1991) reported a mean weight increase of 1.7 kg with 69% of BCS in the study 

experiencing gains in weight over a period of two years since the start of chemotherapy 

treatment. Irwin et al. (2005) found similar results, reporting a mean weight gain of 1.7 kg in 

BCS within the first three years after initial diagnosis.  Among the 68% of BCS who did gain 

weight, a 3.9 kg increase in body weight was observed with 18% of the participants gaining 5 kg 

or more. The weight gain appears to be accelerated during the first year of diagnosis with smaller 

body weight increases occurring thereafter (Heideman et al., 2009). 

 This change in weight is accompanied by alterations in body composition favoring an 

increase in body fat and decrease in muscle mass. Irwin et al. (2005) found that the 1.7 kg gain in 

body weight among participants was accompanied by a 2.1% increase in body fat percentage. 

Seventy-four percent of the women in their study experienced an increase in body fat percentage, 

compared to the 68% who gained weight, with 21% of participants gaining a minimum of 5% 

body fat. This suggests that those who may not gain weight may still undergo unfavorable 

changes in body composition. Cheney, Mahloch, and Freeny (1997) found that during adjuvant 

treatment, some women gained weight while others lost weight; however, regardless of weight 

change, seven of the eight participants gained body fat and lost muscle mass within 6 months of 

diagnosis. Freedman et al. (2004) similarly reported a slight non-significant gain in weight in 

BCS that was accompanied by an increase in fat mass and loss in muscle mass. This weight 

appears to accumulate in the visceral area as studies have reported an increase in waist and hip 

circumferences (Goodwin et al., 1999) and visceral body fat (Cheney et al., 1997). 
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 Several factors may affect the changes in weight and body fat that occur in this 

population. Treatment type seems to be a major factor as several studies have found that 

chemotherapy induces a greater weight gain (Cheney et al., 1997; Goodwin et al., 1999; 

Heideman et al., 2009; Saquib et al., 2007). Goodwin et al. (1999) found that women undergoing 

chemotherapy treatment gained more weight (2.50 ± 4.45 kg) in one year since diagnosis 

compared to women receiving only tamoxifen (1.26 ± 3.23 kg) or no adjuvant treatment (0.63 ± 

3.64 kg). Likewise, Saquib et al. (2007) found that women undergoing chemotherapy were 1.65 

times more likely to gain weight than women who did not receive chemotherapy treatment. 

Length of chemotherapy may also influence weight changes as Demark-Wahnfried et al. (1997) 

did not report increased weight gain among women undergoing a short bout of chemotherapy 

treatment. Other factors that may appear to accelerate weight gain are higher disease stage, lower 

physical activity levels, onset of menopause, and baseline BMI (Goodwin et al., 1999; Irwin et 

al., 2005; Nissen et al., 2011). A change in menopausal status has been found to place BCS at a 

higher risk for weight increases as Goodwin et al. (1999) found that women who were pre-

menopausal and postmenopausal had a one-year average gain of 1.07 ± 3.54 kg and 1.05 ± 3.58 

kg, respectively, while those who became menopausal within that time period had an average 

gain of 2.65 ± 4.75 kg. In addition, Nissen et al. (2011) found that baseline BMI was related to 

change in body weight during treatment. Those who were normal weight before treatment gained 

weight while women in the overweight and obese categories lost weight (Nissen et al., 2011). 

 The mechanisms for weight gain are not fully understood. Some studies have attributed 

lower physical activity and increased energy intake as factors associated with weight gain (Irwin 

et al., 2003, 2005; Rock et al., 1999). Conversely, Goodwin et al. (1999) found that mean caloric 

intake decreased after the first year of diagnosis. There was a weak correlation between caloric 
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intake and weight gain (r = 0.15, p = 0.006) and no correlation found between physical activity 

and weight gain (Goodwin et al., 1999). Aside from physical activity levels, resting energy 

expenditure may not be affected by treatment. Campbell et al. (2007) reported no change in 

resting energy expenditure during chemotherapy treatment while there was a significant increase 

in weight (2.3 kg) and body fat (2.5%) over the treatment course. While Demark-Wahnfried et 

al. (1997) reported decreases in resting metabolic rate from baseline to the middle of 

chemotherapy treatment, baseline metabolic rate returned to normal within one year. In addition, 

the onset of menopause has been found to induce body weight changes independent of energy 

intake. This is most likely related to increases in weight and abdominal obesity associated with a 

reduction in estrogen levels during the onset of menopause (Davis et al., 2012). Since estrogen 

assists in the regulation and promotion of fat oxidation, decreases in this hormone leads to 

decreased fat oxidation and thus more fat storage (Lizcano & Guzmán, 2014).  

These unfavorable changes in body weight and fat may further increase the patient’s risk 

for recurrence or poor prognosis of the disease. A meta-analysis that included 43 studies showed 

a lower rate of survival among women who were obese compared to those who were not 

(Protani, Coory, & Martin, 2010). While not all studies report negative consequences (Caan et 

al., 2006), Camoriano et al. (1990) and Kroenke et al. (2005) both found an association between 

larger weight gains in cancer patients and negative outcomes in both the chance of relapse and 

death, especially in premenopausal women. Chlebowski et al. (1986) also found that a weight 

gain of more than 22 lbs (10 kg) as a result of cancer treatment led to an unfavorable prognosis 

and early death. Furthermore, increased weight may have adverse effects on the patients’ self-

esteem and mood as cancer survivors have reported weight gain to be an upsetting side effect 

(Abrams et al., 1999; Knobf, Mullen, Xistris, & Moritz, 1983) that may affect quality of life. 
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Changes in body weight may also place BCS at a higher risk for all-cause mortality. An average 

of 6.3 years of follow-up showed that BCS who gained more than 10 kg of body weight had a 

70% increase in all-cause mortality rate compared to those who maintained their pre-diagnosis 

weight (Nichols et al., 2009). Conversely, women who lost weight were also at a higher risk for 

all-cause mortality with a 10 kg reduction in weight increasing risk for mortality by 2.66 times 

(Nichols et al., 2009). While changes in body composition were not reported, this suggests that 

strategies directed towards the maintenance of weight both during and after treatment might be 

optimal for women undergoing cancer treatment.  

 

Aging and Cancer Treatment Effects on Strength and Physical Function 

 

Strength and Physical Function Loss in Healthy Aging 

 

In conjunction with the decline in muscle mass associated with aging is the loss of 

muscular strength and power. While both strength and power peak around the age of 30 years in 

sedentary adults and begin to decline around the 4th and 5th decades of life, muscle power has 

been shown to decrease at a 10% faster rate compared to strength (Metter, Conwit, Tobin, & 

Fozard, 1997). Additionally, muscular strength declines to a greater extent than muscle mass 

with an average reduction of 10-15% per decade up to the age of 70 years with greater 

decrements seen in the lower body compared to the upper body (Frontera, Hughes, Lutz, & 

Evans, 1991). Thereafter, greater decrements of 25-40% per decade can occur (Goodpaster et al., 

2006; Heath, Hagberg, Ehsani, & Holloszy, 1981). This mismatch in strength loss compared to 

muscle mass indicates that additional factors other than muscle mass contribute to the changes in 

strength and power seen with aging. Madsen et al. (1997) found that age, not muscle mass 

changes, was the most important predictor for losses in muscle strength and Jubrias et al. (1997) 

concluded that changes in muscle cross sectional area only accounted for about half the changes 
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in strength seen with aging. Decreased strength in older adults is associated with loss of function, 

diminished gait speed, risk for falls, loss of independence, hospitalizations, and poor quality of 

life (Kalyani, Corriere, & Ferrucci, 2014). Furthermore, low physical function can also 

determine the presence of sarcopenia as Lauretani et al. (2003) determined criteria based on 

walking speed and handgrip strength measures, with a walking speed below 0.8 m/s and a 

handgrip strength threshold of 30 kg for men and 20 kg for women as indicators of sarcopenia. 

The increase in body fat along with fat redistribution can have a negative impact on 

strength, function, health, and quality of life for older adults. Higher body fat is linked to risk for 

chronic diseases including osteoporosis, diabetes, cardiovascular disease, and cancer. It has also 

been associated with increased reoccurrence of breast cancer in women. Additionally, it can 

impact physical function as Visser et al. (1998) found that body fat percentage was positively 

associated with physical disability and mobility-related limitations (Visser et al., 1998). In a 3-

year longitudinal study, the same researchers found that high body fat mass was predictive of 

disability with individuals in the highest body fat category (body fat of 41.6% for women and 

30.0% for men) having a risk for disability that was 2-3 times greater compared to those with a 

lower body fat (body fat of 37.8% for women and 28.7% for men) (Visser et al., 1998). Increased 

body fat is also associated with a decrease in lower leg strength (Newman et al., 2003) and 

functional performance (Charlton et al., 2015) in older adults, which may help explain the 

greater declines seen in lower body strength compared to upper body strength with aging. 

Abdominal adiposity can also have a negative impact as Hubbard et al. (2010) found that older 

adults with higher waist circumferences were more susceptible to frailty when compared to those 

who had normal waist circumference measurements regardless of BMI. Additionally, fat 

infiltration into the muscle is associated with lower strength (Goodpaster et al., 2001) and a 
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higher risk for mobility limitations with a hazard ratio of 2.16 and 1.98 in men and women, 

respectively after adjustment for age, strength, and total body fat (Visser et al., 2005). Increased 

body fat may also negatively affect muscle mass as greater fat mass may predict accelerated 

losses in muscle mass (Koster et al., 2011), which may further contribute to the susceptibility of 

older adults to sarcopenic obesity, a term used to describe the simultaneous occurrence of 

sarcopenia and obesity in the older adult. 

The alterations in body composition and BMD that occur with age collectively lead to 

losses in physical function. Previous literature has measured and characterized physical function 

into several domains: Activities of daily living (ADL), instrumental activities of daily living 

(IADL), functional mobility, and upper extremity function (Guralnik, Fried, & Salive, 1996; 

Schmitz, Cappola, Stricker, Sweeney, & Norman, 2007). Activities of daily living refer to 

activities that are involved with self-care including bathing, showering, dressing, and self-

feeding. Instrumental activities of daily living are characterized as more complex activities that 

are required for independent living in the community. These activities include shopping, food 

preparation, and using transportation. Functional mobility tasks range from basic movements 

such as transferring from a chair to a bed to walking short and long distances, stair climbing, and 

physical activity (Guralnik et al., 1996). Upper extremity function include activities that require 

the use of the upper body such as picking an object up off the floor (Schmitz et al., 2007)  

Physical function limitations are prevalent in older adults with 25.4% of individuals over 

the age of 65 years reporting either a disability in ADL or IADL (Hung, Ross, Boockvar, & Siu, 

2011). The prevalence rises with advancing age as 17.0% of individuals between the ages of 65-

69 years report disability in ADL or IADL while 50.2% of individuals over the age of 85 years 

report these limitations (Hung et al., 2011). These physical function limitations may be a result 
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of both physical (body composition changes in muscle and fat mass) as well psychological and 

behavioral changes that occur with aging (Schmitz, Cappola, Stricker, Sweeney, & Norman, 

2007). BMI has been shown to be negatively associated with upper and lower body function in 

older women (Apovian et al., 2002). Another study assessing the link between body composition 

and physical function found that in men, the ratios of body fat to lower-limb mass, body fat to fat 

free mass, and body weight to fat free mass predicted a decline in physical function when the 

ratios were above 0.75 (Auyeung, Lee, Leung, Kwok, & Woo, 2013). In women, increases in 

body fat to lower limb mass was predictive of increased functional limitations across all ratio 

values, regardless if the ratio was above or below 0.75 (Auyeung et al., 2013). Likewise, Marcus 

et al. (2012) showed that mobility function improved with gains in strength and muscle mass 

while gains in intramuscular fat were associated with declines in functional mobility. Ultimately, 

these declines in physical function lead to the inability to perform ADL and IADL in order to 

function independently (Schmitz et al., 2007).   

 

Strength and Physical Function Loss in BCS 

 

 Accompanying the losses in muscle mass, many BCS also experience a reduction in 

strength and physical function. Simonavice et al. (2011) found that postmenopausal BCS had 

21% lower 1RM chest press scores and 23% lower 1RM leg press scores compared to an age- 

and weight-matched non-cancer controls, indicating that BCS have reduced upper and lower 

body strength. While objective measures of physical function measured using the continuous 

scale of physical functional performance (CS-PFP) test were not significantly different between 

the two groups, the BCS had lower scores with the difference approaching significance (p = 

0.08). Sehl et al. (2013) assessed physical function via a ten-question physical function (PF-10) 

questionnaire, in BCS at 3 months and 27 months after diagnosis. A large decline in PF-10 
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scores was observed, indicating a decrease in physical functioning among BCS over the course 

of two years. This study attributed greater declines in physical function score to lower education, 

less physical activity, and a higher BMI. Likewise, another study that assessed physical function 

in BCS at approximately 21 months post-diagnosis using a questionnaire found that women who 

had a higher BMI at diagnosis reported more functional limitations (Young et al., 2014). In 

addition, large weight gains following breast cancer diagnosis placed women at a 1.79 times 

greater risk for having functional limitations compared to those who maintained a stable weight 

(Young et al., 2014). These functional limitations may improve over time as BCS reported a 

greater amount of functional limitations within two years of diagnosis compared to those who 

were beyond two years (Sweeney et al., 2006). Nonetheless, these negative changes warrant the 

implementation of interventions designed to improve physical function as older long-term cancer 

survivors still have a greater prevalence of functional limitations than their non-cancer 

counterparts (Sweeney et al., 2006). Additionally, interventions targeted to improve physical 

function may need to incorporate components designed to increase social support, improve 

emotional status, treat comorbidities, and manage symptoms as these factors may affect physical 

function in BCS (Bellury et al., 2012). 

 

Quality of Life and Fatigue in BCS 

 

Quality of life is defined by the World Health Organization as individuals’ “perception of 

their position in life in the context of the culture and value systems in which they live, and in 

relation to their goals, expectations, standards and concerns” (World Health Organization, 1997). 

It is a general measure of wellbeing determined by a combination of factors including physical 

condition, psychological state, spirituality, social relationships, degree of independence, and 

ability to respond to environmental factors or stressors (World Health Organization, 1997). 
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Quality of life is often described using four domains: physical, psychological, social, and 

spiritual wellbeing. Ferrell (1996) described these four domains in relation to cancer survivors by 

the following definitions:  

1) Physical well-being is the control or relief of symptoms and the maintenance of function 

and independence. 

2) Psychological well-being is the attempt to maintain a sense of control in the face of life-

threatening illness characterized by emotional distress, altered life priorities, and fear of 

the unknown, as well as positive life changes.  

3) Social well-being is the effort to deal with the impact of cancer on individuals, their 

roles, and relationships.  

4) Spiritual well-being is the ability to maintain hope and derive meaning from the cancer 

experience, which is characterized by uncertainty. 

Quality of life is commonly measured in BCS using several questionnaires. The Rand 36-

Item Short Form Health Survey (SF-36) is a survey that assesses quality of life using several 

domains including: physical functioning, physical role limitations, role limitations resulting from 

emotional problems, energy and fatigue levels, social functioning, emotional wellbeing, pain, 

and general health (Hays, Sherbourne, & Mazel, 1993, Hays, 1994). The Functional Assessment 

of Cancer Therapy—Breast (FACT-B) (Brady et al., 1997) is a quality of life questionnaire 

specific to BCS. It assesses overall quality of life and can be broken down into five specific 

subscales: physical wellbeing, social wellbeing, emotional wellbeing, functional wellbeing, and 

other concerns for breast cancer (Brady et al., 1997). Another common assessment is the 

European Organization for Research and Treatment of Cancer core questionnaire and breast 

module (EORTC QLQ-C30; EORTC QLQ-BR23). The EORTC QLQ-C30 assesses global 
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quality of life and health status in cancer patients along with five functional scales, three 

symptom scales, and individual symptom assessments. The five functional scales include 

physical, role, cognitive, emotional, and social wellbeing while the symptom scales assess 

fatigue, pain, nausea, and vomiting. The specific breast module (EORTC QLQ-BR23) assesses 

the side effects of treatment, arm and breast symptoms, body image, sexual functioning, hair 

loss, and future perspective (Fayers & Bottomley, 2002).  

Research assessing quality of life in BCS has produced mixed results with some studies 

indicating that BCS had lower quality of life in comparison to non-cancer controls (Amir & 

Ramati, 2002; Weitzner, Meyers, Stuebing, & Saleeba, 1997) and others reporting no difference 

(Dorval, Maunsell, Deschênes, Brisson, & Mâsse, 1998; Tomich & Helgeson, 2002). These 

mixed findings may be due to other factors that are predictive of poorer quality of life including 

chemotherapy treatment, comorbidities, decreased social support, and lower income levels 

(Mols, Vingerhoets, Coebergh, & van de Poll-Franse, 2005). Quality of life among BCS may 

differ with specific treatment type as Ganz et al. (2004) found that women who had undergone a 

mastectomy had lower quality of life scores (assessed via the SF-36) compared to those who had 

a lumpectomy. Similar results were found among women who had received chemotherapy 

following surgery with lower scores reported in women who had a mastectomy compared to 

those who had a lumpectomy. In contrast to previous findings (Mols et al., 2005), there were no 

differences in quality of life between women who had been treated with chemotherapy compared 

to those who were not.  

Specific quality of life domains may especially contribute to poorer quality of life scores 

in BCS. The physical domain can especially be impacted by pain, numbness, weakness, and 

decreased mobility in the arm that BCS experience as a result of treatments. Fifty percent of BCS 
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report arm problems following surgery (Hayes, Rye, Battistutta, & Newman, 2010). These 

problems may persist over time as Ganz et al. (1996) found that the prevalence of arm symptoms 

did not change by two and three years post-treatment.  These arm problems are associated with 

poorer quality of life in BCS (Engel et al., 2003). The psychological domain can be impacted by 

the prevalence of depression in BCS, which is twice that of women without cancer, especially 

during the initial year of diagnosis (Burgess et al., 2005). Due to its negative effect on 

relationships, job performance, stress, and perceived health, depression can negatively affect 

overall quality of life (Reich, Lesur, & Perdrizet-Chevallier, 2008). In addition, 61% of BCS 

report dissatisfaction with their physical appearance (Ganz et al., 2004).  

Quality of life can also change over the course of the treatment period and following the 

completion of treatment. Montazeri et al. (2008) surprisingly reported increases in global quality 

of life scores in BCS from the time before diagnosis to three months following treatment. These 

scores significantly decreased compared to baseline at 3 months and 18 months following 

treatment completion. Decreased body image was also reported at both 3 and 18 months post-

treatment (Montazeri et al., 2008). The negative effects of breast cancer and its effects on quality 

of life can persist even long after the completion of treatment. Holzner et al. (2001) found that 

quality of life impairments were reported by women who had undergone treatment within the 

first two years and also in those who were greater than 5 years post-treatment. Those who were 

five or more years beyond initial treatment experienced lower global quality of life than those 

who had completed initial treatment within five years. Those who were farther out from 

treatment also had lower role functioning scores, indicating greater difficulty completing tasks 

specific to their occupation or social setting. BCS who were 2-5 years post-treatment 

experienced the highest emotional well-being, social-wellbeing, and overall quality of life. The 
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authors suggest this may be due to this group’s improved ability to manage and overcome the 

physical and psychological burdens from the disease and treatment compared to those who were 

more recently diagnosed. In addition, those who were 2-5 years post-treatment may have 

received greater medical and social support compared to long-term survivors (Holzner et al., 

2001). Therefore, the negative effects of the cancer and its treatment on quality of life can persist 

over a long period of time. This indicates a greater need for interventions directed towards 

improvement in quality of life for women at any phase of their treatment or recovery.  

Quality of life can be negatively impacted by fatigue, which is one of the most common 

side effects reported by cancer patients (Vogelzang et al., 1997). Fatigue can occur both during 

and after the treatment period. Stasi et al. (2003) estimated that 50% of cancer patients 

experience fatigue at the time of diagnosis. This prevalence increases during the treatment period 

with 60-96% of cancer patients reporting fatigue from both radiation treatment (80% - 96%) and 

chemotherapy (60% – 93%; Stasi et al., 2003). Fatigue levels may persist into survivorship as 

Servaes, Verhagen, and Bleijenberg (2002) reported severe fatigue in 38% of BCS who had 

completed treatment for an average of 29 months, which was higher than the fatigue prevalence 

of 11% seen in women who had not been diagnosed with cancer. Bower et al. (2006) reported 

persistent fatigue in 21% of cancer survivors both 1-5 years and 5-10 years after diagnosis. 

While this decreased prevalence following the treatment period shows that fatigue levels can be 

improved after the completion treatment, this also demonstrates that fatigue is still present in a 

small portion of cancer patients long after treatment is completed. Fatigue can have an impact on 

daily life as 88% of cancer patients felt their daily routine was negatively affected by fatigue 

(Curt et al., 2000). Specifically, more than half of these cancer survivors reported difficulties 

performing daily activities such as walking distances, cleaning the house, exercising, lifting 
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objects, participating in social activities, climbing the stairs, and running errands when 

experiencing fatigue (Curt et al., 2000). 

 

Physical Activity in BCS 

 

 In addition, the side effects of breast cancer treatment including fatigue, weakness, and 

pain may serve as barriers for exercise in these patients, thus reducing physical activity levels 

(Sander et al., 2012), which could contribute to loss in muscle mass. Harvie et al. (2004) reported 

decreases in physical activity during treatment, which was slightly increased within one year 

after the start of treatment. Likewise, Freedman et al. (2004) found declines in physical activity 

both during treatment and six months after the completion of chemotherapy. Irwin et al. (2003) 

reported decreases in physical activity levels of BCS by approximately two hours per week 

within one year of diagnosis. This figure was greater in those who experienced surgery, 

radiation, and chemotherapy compared to women who underwent surgery only or surgery and 

radiation, indicating that the collective effect of treatment may serve as an additional barrier to 

exercise and recovery. Furthermore, only 32% of BCS have been found to regularly participate 

in the recommended 150 minutes per week of moderate-vigorous physical activity per week 

(Irwin et al., 2004). 

 

Exercise Interventions to Improve Body Composition and Strength in Healthy Women   

 

While postmenopausal women are at greater risk for losses in muscle mass and strength, 

exercise training has been shown to improve muscle mass, fat mass, bone density, strength, 

physical function, fatigue and quality of life. A meta-analysis that examined the effect of 

resistance training on muscle mass in older men and women concluded that a significant gain in 

muscle mass (1.1 kg) is obtained after approximately 20.5 weeks of resistance training (Peterson, 
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Sen, & Gordon, 2011). Another meta-analysis by Peterson et al. (2011) found that resistance 

training elicited positive changes in muscular strength in older men and women with an 

approximate 5.5% increase in muscular strength with every increase in intensity group (Groups: 

low intensity: <60% 1RM; low/moderate intensity: 60-69% 1RM; moderate/high intensity: 70-

79% 1RM; and high intensity: >80% 1RM). Resistance training has also been found to improve 

physical function (Pinto et al., 2014) and quality of life (Dąbrowska, Dąbrowska-Galas, 

Rutkowska, & Michalski, 2016) in postmenopausal women. While aerobic exercise is not 

usually considered an effective means for increasing strength and muscle mass compared to 

resistance training, some studies have shown it to be effective in improving strength and 

functional fitness in older women. Hallage et al. (2010) examined the effect of a 12-week low-

impact step aerobics intervention consisting of 3 sessions per week for 30-60 minutes in older 

women. Participants maintained an intensity of 50-70% of heart rate reserve (HRR). Results 

from the study showed that while the program was not effective in improving body weight, it did 

improve functional fitness as measured by the chair stand, arm curl, up-and-go, and 6-minute 

walk tests. 

Mechanisms for these changes in lean mass, strength, and function lie on the ability of 

resistance training to increase muscle protein synthesis, stimulate anabolic hormones, and 

promote the activation of satellite cells. While older adults do experience decreases in muscle 

protein synthesis and anabolic resistance, resistance training combined with protein following an 

exercise bout has been shown to increase muscle protein synthesis in older adults (Symons, 

Sheffield-Moore, Mamerow, Wolfe, & Paddon-Jones, 2011).  

Schulte and Yarasheski, (2001) also observed increases in the synthesis rate of myosin 

heavy chain and mixed muscle protein following two weeks and six months of resistance training 
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in older adults. Anabolic hormones can also be increased both acutely and chronically following 

a resistance training program in older adults. Hameed et al. (2008) found increases in mechano 

growth factor (MGF), a splice variant of IGF-1, mRNA in both young and older men following 

an hour of a backwards pedaling eccentric exercise protocol while Roberts et al. (2010), 

observed increases in MGF mRNA in older men following several exercise bouts. Petrella et al. 

(2006) found that a 16-week resistance training program caused an upregulation of mRNA of 

two IGF splice variants, IGF-IEa and MGF, in both young and older men and women. 

Furthermore, acute increases in testosterone and GH have been observed following an acute 

resistance training bout in older men (Smilios, Pilianidis, Karamouzis, Parlavantzas, & 

Tokmakidis, 2007).  

A single exercise bout has also been shown to acutely modify satellite cell content. Six 

sets of maximal isokinetic leg extensions performed by both young and old men resulted in a 

significant increase in satellite cells per muscle cross section within 24 hours (Dreyer, Blanco, 

Sattler, Schroeder, & Wiswell, 2006). Roth et al. implemented a longer study in young and older 

men and women consisting of 9 weeks of a single-leg resistance training program consisting of 5 

progressively longer sets (repetitions for first two sets were 5, followed by 10, 15, and 20 

repetitions) of leg extensions with maximum resistance participants could perform for each set. 

The 3-day/week program showed increased satellite cell proportion (satellite cells per myonuclei 

+ satellite cells) in both older men and older women (Roth et al., 2001). Likewise, a 12-week 

resistance training program performed three times per week at an intensity of 60-80% of 1RM in 

elderly men observed increases in satellite cell content while also observing significant 

hypertrophy of type II fibers accompanied by a 76% increase in satellite cell content in the type 

II muscle fiber (Verdijk et al., 2009). Since type II fibers and satellite cells are more susceptible 



60 

to age-related losses in muscle mass (Verdijk et al., 2009), chronic resistance training may serve 

as an effective stimulus to aid in the restoration of these losses to ultimately improve strength 

and physical function while cardiovascular training may serve as a beneficial means for weight 

loss and improvements in physical function as well. 

 

Exercise Interventions to Improve Body Composition and Strength in BCS 

 

Exercise training can elicit similar changes in BCS experience. Exercise training 

programs implemented both during and after breast cancer treatments have been found to be 

valuable methods of combatting the changes in muscle mass, strength, and body fat that occur 

with breast cancer treatment. While there is conflicting evidence in regards to the ability of the 

training programs to cause a net gain in muscle mass and a reduction in body fat, resistance and 

aerobic training interventions, even for a short duration of time, can help attenuate the negative 

losses in muscle mass and gains in fat mass that are observed in non-exercise BCS control 

groups.  

 Battaglini et al. (2007) implemented a 16-week training program during chemotherapy 

treatment that consisted of both cardiovascular and resistance exercises that were prescribed at 

40-60% of both maximal cardiovascular and 1RM strength test intensities. Participants 

completed the exercise sessions twice per week and gradually progressed intensity by increasing 

the number of sets performed during the resistance training portion. While the intervention 

resulted in no significant changes in muscle mass, body fat percentage, and muscle strength over 

time, compared to the control group, the exercise group had significant improvements in all three 

components (Battaglini et al., 2007). Courneya et al. (2007) compared both an aerobic training 

group and resistance training group to a usual care group over the course of 17 weeks during 

chemotherapy treatment. Both groups exercised three times per week at intensities for aerobic 
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and resistance training groups at 60% of maximal oxygen consumption (VO2max) and 60-70% 

of 1RM, respectively. Similarly, they found that the resistance training group had an 

improvement in muscle mass compared to the control. While neither intervention was successful 

in preventing weight gain, the aerobic program improved aerobic capacity and prevented body 

fat gain while the resistance training program slightly increased muscle mass by 1 kg and 

improved strength. Furthermore, a one-year aerobic or resistance home-based exercise program 

that consisted of 4 days of walking, jogging, or dancing and resistance training using Thera-

Bands
TM

 or free weights that was implemented at the beginning of chemotherapy treatment 

showed an increase in strength and maintenance of body fat compared to the control who lost 

strength and gained body fat (Schwartz & Winters-Stone, 2009). In contrast to the benefits 

observed in the previous studies, a resistance training intervention in the colon-26 mouse 

cachectic model resulted in a decrement in sensorimotor function and strength and appeared to 

exhibit anabolic resistance (Khamoui et al., 2016). In contrast, aerobic training improved muscle 

strength and sensorimotor function in the cachectic mice. While the results from this study have 

not been shown in human studies, these results warrant additional research on the efficacy and 

safety of resistance training programs in individuals undergoing cancer treatment.  Therefore, a 

low-to-moderate exercise training program during chemotherapy may be beneficial in 

attenuating the losses in muscle mass and strength along with the gains in body fat that may 

occur during chemotherapy treatment.  

 Interventions following the completion of treatment have also produced comparable 

results. Resistance training interventions for as little as eight weeks have been able to produce 

improvements in strength measures. Benton et al. (2014) implemented an 8-week resistance 

training program consisting of eight exercises of three sets of 8–12 repetitions in both younger 
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(40-59 year) and older (60-80 years) BCS who had completed treatment. Upper body strength 

improved by 80% and 99% in the younger and older groups, respectively. Both groups 

experienced a 34% improvement in lower body strength. While there were no changes in body 

weight or waist circumference in this study, another 8-week resistance and aerobic training 

intervention produced both gains in strength and significant decreases in skinfold girth and waist 

and hip circumference (Cheema & Gaul, 2006). These studies suggest that eight weeks of 

resistance training is sufficient in producing favorable changes in strength, however, 

interventions consisting of a combination of aerobic and resistance training modes may be 

necessary for optimal body fat changes in BCS in such a short time. 

The maintenance or potential increase in muscle mass and greater reductions in fat mass 

most likely require training programs for longer durations. For example, a 6-month low-

moderate intensity resistance training program completed by 27 BCS was successful in 

maintaining muscle mass and improving upper and lower body strength (Simonavice et al., 

2014). A 12-month progressive resistance training study consisting of two sessions per week of 

strengthening exercises for all major muscle groups of three sets of 10 repetitions showed similar 

results (Brown & Schmitz, 2015). Progression was accomplished by a small increase in weight 

following two sessions where three sets of 10 repetitions could be performed without changes in 

arm or hand symptoms. Participants were supervised for the first 13 weeks and then continued 

the exercise program for the next 39 weeks on their own. Comparatively to the control group, 

strength improvements were seen in the leg press (+21.7 ± 1.5 kg vs +3.8 ± 1.3 kg; p<0.001), 

bench press (+4.9 ± 0.5 kg vs +0.6 ± 0.4 kg; p<0.001), and hand grip (+2.6 ± 0.3 kg vs +1.3 ± 

0.5 kg; p=0.022). Declines in muscle mass, as measured by appendicular skeletal muscle mass, 

were attenuated compared to losses in the controls. There were no changes in body weight, BMI, 
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body fat, and fat mass when compared to the control group. While adherence, measured by 

attendance to the exercise sessions, was fairly high at 80%, the fact that participants were 

exercising on their own for the last 39 weeks may have affected results as compliance to the 

actual exercise protocol and progression standards may not have been followed without 

supervision and encouragement from a trainer (Brown & Schmitz, 2015).  

Surprisingly, a similar exercise protocol by the same research group found better 

outcomes with a six-month intervention. Schmitz et al. (2005) implemented a 6-month resistance 

training program where BCS completed 13 weeks of supervised training sessions followed by 13 

weeks of unsupervised sessions. Nine exercises were performed for a total of 8-10 repetitions. 

Participants worked up to three sets during the first 2-3 weeks and then progressed based on their 

ability to complete the required amount of repetitions per set. Progression criteria for the first 

three months was three sets of 10 repetitions followed by two sets of 10 and one set of 12 during 

the last three months. The study design included two groups: the treatment group who performed 

the exercise program for six months and a delayed treatment group that began the intervention 

following six months of inactivity as the control group. Both the treatment group and the delayed 

treatment group experienced significant increases in strength following the six-month resistance 

training program compared to the control. Body fat percentage significantly decreased in the 

treatment group over the six-month intervention compared to the control. When comparing the 

delayed treatment group’s muscle mass change during the first six months of the study (+0.02 ± 

0.23 kg) compared to the muscle mass change (+1.45 ± 0.24 kg) during the next six months 

when the intervention was completed, there was a significant increase in muscle mass within the 

group. These conflicting results may have been observed in this shorter study because there was 

less time where the participants were exercising on their own without a trainer. 
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An aerobic training program of similar length showed comparable results. Irwin et al., 

(2009) had participants complete an aerobic program five days per week for 12 months. The 

program started at a duration of 15 minutes at an intensity of 50% of maximum heart rate. The 

time and intensity gradually progressed to 30 minutes and 60-80% of maximum heart rate, 

respectively. After six months, there was a significant difference in the percent change in body 

percentage in the exercise group (-1.9% change) compared to the control (+1.1% change). 

Muscle mass significantly increased in exercise group (0.8% increase) compared to control 

(0.8% decrease). Body fat percentage continued to decrease by the twelfth month with a 2.4% 

change in the exercise group although there were no differences in muscle mass.  

While interventions both during and after treatment consisting of a resistance training 

program, aerobic training program, or a combination of the two following treatment seem to be 

effective in attenuating the losses in muscle mass and strength along with gains in fat mass, most 

have fallen short in terms of improving those outcomes. This may be due to the mode, intensity, 

or duration of the exercise interventions along with less than optimal adherence rates. Even 

though our laboratory has shown that a 12-week high-intensity program completed two times per 

week at an intensity that was 65-85% of 1RM in postmenopausal BCS significantly improved 

muscle mass (+2.2%) and decreased fat mass (-1.7%) in BCS (Madzima et al., 2017), more 

research is needed to determine if there is an optimal exercise mode or intensity that could be 

utilized to produce greater benefits in strength and body composition in BCS.   

 

Exercise Interventions to Improve BMD in Healthy Women and BCS 

 

An important factor that can alter the balance of bone formation and resorption is the 

amount of mechanical loading that is placed on the bone. The mechanical stress of exercise has 

been shown to improve bone mass and BMD (Leichter et al., 1989; Vainionpää, Korpelainen, 
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Leppäluoto, & Jämsä, 2005) while also improving resistance to fatigue and fractures (Warden et 

al., 2005). Turner (1998) provided three rules that govern bone remodeling in response to 

mechanical stimuli. The first rule states that dynamic loading, not static loading, is responsible 

for bone modification with an increased strain on the bone leading to greater adaptations. The 

second rule explains that only a brief duration of dynamic loading is needed to produce bone 

adaptations. Adaptations plateau with increased durations of loading. The third rule states that 

structural changes in the bones occur with activity and mechanical strain that is different from 

the normal stress that is placed on the bone. Bone cells become accustomed to habitual 

movement, and therefore changes are driven by strain that is unique to the normal stress that is 

placed on the bone.  

Resistance training studies in health postmenopausal women have been successful in 

maintaining BMD. A review on resistance training in healthy women recommends that 

postmenopausal women should complete a high loading training program consisting of two to 

three sets of 8-12 repetitions at 70-90% of 1RM to see improvements in BMD (Zehnacker & 

Bemis-Dougherty, 2007). A more recent meta-analysis also suggested that in order to see 

improvements in BMD, an exercise program must be at least 10 months long, and the exercises 

must target each specific site for improvement, especially the femoral neck and lumbar spine 

areas (Zhao et al., 2015). 

Studies targeting BMD in BCS have not been successful in improving BMD, but have 

shown that losses in BMD can be attenuated with training. One intervention assessed BMD 

changes following a 6-month home-based aerobic or resistance training intervention (Schwartz, 

Winters-Stone, & Gallucci, 2007). Participants in the aerobic group were instructed to perform 

15-30 minutes of aerobic activity four days per week while the resistance training group 
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performed four upper body and four lower body exercises using Therabands® four days per 

week. While neither of the interventions were successful in improving BMD in BCS, the aerobic 

intervention provided the most benefit as BMD declines were small in the aerobic training group 

(0.76%) compared to a 4.92% loss in the resistance training group, and a 6.23% loss in the 

control group. The resistance training exercises were most likely at an intensity that was less than 

required to induce enough strain on the bone to promote positive changes. 

Another study implemented after the completion of treatment tested the efficacy of 

several combined factors on BMD. A multi-component intervention was conducted by Waltman 

et al. (2003). This 12-month intervention included daily supplementation of alendronate (a type 

of bisphosphonate), 1500 mg of calcium, 400 I.U. of vitamin D, and resistance training exercises 

in postmenopausal women who had completed treatment. The resistance training intervention 

consisted of eight resistance exercises performed twice per week using hand and ankle weights. 

Following the one-year intervention, significant increases in BMD of the hip (+2.6%) and spine 

(+2.4%) were observed while BMD of the forearm decreased (-2.6%). The loss in forearm BMD 

may have been attributed to both the supplementation of alendronate, which may be more 

effective in improving trabecular bone, which is the main component of the hip and spine, 

compared to cortical bone, the main component of the forearm (Waltman et al., 2003). In 

addition, the arm exercises performed by the BCS may not have provided enough stimuli to 

induce changes in forearm BMD. While this study was successful in improving BMD in BCS, 

the multi-component intervention did not allow the researchers to determine the individual 

contributions of each factor towards the increases in BMD. 

Resistance training programs of higher intensities that are at least in line with the 

resistance training recommendations set forth by the American College of Sports Medicine 
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(ACSM) of workloads at or above 60% of 1RM have shown to be effective in maintaining BMD. 

While improvements in BMD did not occur after a six-month intervention of low-to-moderate 

intensity (52%–69% of 1RM), the exercise intervention was successful in maintaining BMD. In 

addition, the authors found a decrease in tartrate resistant acid phosphatase, a blood marker for 

bone resorption, which suggests that the intervention elicited positive changes in the bone 

remodeling process (Simonavice et al., 2014).  

A longer resistance training program implemented by Waltman et al. (2010) still failed to 

produce positive BMD changes in BCS from resistance training alone. All participants were 

given calcium, vitamin D, and risedronate (a type of bisphosphonate) supplements. In addition, 

one group also participated in an exercise intervention. The exercise program consisted of nine 

months of home-based exercises completed twice per week followed by 15 months of training on 

resistance machines at a fitness facility. Both groups experienced improvements in BMD at both 

the hip and lumbar spine. Compared to the group that did not receive the exercise training, the 

exercise intervention group did experience further improvements in BMD at the femoral neck, 

hip, spine, and radius, however, these small increases were not significant. 

Knobf et al. (Knobf et al., 2016) conducted a 12-month randomized control trial 

separating participants into one group that received a combined aerobic and resistance training 

intervention or a group that was given basic exercise guidelines that could be completed at home. 

The aerobic and resistance training intervention took place three times per week. Participants 

completed 30 minutes of aerobic activity at a target heart rate of 65-75% of maximum heart rate 

while wearing a five-pound weighted belt during the aerobic exercise beginning the fifth week of 

the study.  Five lower body resistance training exercises were performed for one set of eight 

repetitions at 70% of 1RM.  The participants in the home-based group were not given any 
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instruction besides information about the national physical activity guidelines and the American 

Cancer Society “Smart Steps” booklet.  Both groups received a multivitamin that had vitamin D.  

While the exercise group did show some changes in bone markers (N-terminal propeptides of 

type I collagen and osteocalcin) that favored bone resorption and formation, both groups equally 

lost BMD.  Those taking aromatase inhibitors had losses of BMD at the lumbar spine (-2.3%), 

hip (-1.80%), femoral neck (-2.4%), and greater trochanter (-1.4%) while participants who were 

not on hormone therapy or those on tamoxifen maintained BMD at all sites expect for the 

femoral neck (-1.4% and -1.6%, respectively). While this study demonstrated that 12 months of 

resistance training was not sufficient to make positive changes in BMD, the results may have 

been affected by adherence to the exercise program, as adherence during the last six months was 

not monitored.   

Irwin et al. (2009) showed that aerobic training was also effective in maintaining BMD in 

those who had completed primary cancer treatment. They concluded that an average of 120 

minutes of moderate-vigorous aerobic training per week for twelve months was sufficient in 

attenuating losses in BMD. While there was no difference in BMD between the exercise group 

and the usual care group within the first six months of aerobic training, those who continued the 

aerobic program for twelve months maintained BMD while the usual care group experienced a 

1.7% loss in BMD.   

More promising results were found by Hojan et al. (2013) who; implemented a 

prospective clinical study to examine the effects of both aerobic and resistance training on BMD 

in women receiving endocrine therapy. The exercises intervention began six months after the 

participants had begun endocrine therapy. Aerobic training was completed for the first six 

months, with participants performing daily moderate intensity (65-75% of maximum heart rate) 
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aerobic training for 40-45 minutes. Resistance training was incorporated for six months 

following the first six months of aerobic training. The resistance training program consisted of 6-

8 isometric exercises combined with three sets of upper body exercises completed for 15 

repetitions using resistance belts. A leg training circuit was performed that consisted of three leg 

exercises that were completed for two sets of 16 repetitions. During the first six months of 

treatment, there was a decrease in BMD of the lumbar spine (-9.0%), hip (-6.8%) and total body 

(-5.5%). While there were still significant losses over the course of the next six months after the 

introduction of aerobic exercise, the rate of BMD loss seemed to be attenuated. The introduction 

of resistance training at the twelfth month caused a minor non-significant increase of BMD at the 

lumbar spine (+1.8%) and hip (+1.1%) and an increase in total body BMD (+2.7%). These 

results, however, must be interpreted with caution as the women in this study were young (mean 

age of 44 years) and had not received chemotherapy, which has a large effect on BMD.  

Based on the results from the studies presented above, both resistance training and 

aerobic training can have beneficial effects on BMD in women who are at risk for bone loss due 

to cancer treatment. While exercise interventions of sufficient intensity may attenuate losses in 

BMD in BCS, no studies have reported significant improvements in BMD from exercise alone. 

Perhaps a program of greater intensity, duration, or frequency is needed to elicit these 

improvements. In addition, a program consisting of both resistance training and high impact 

aerobic exercise may provide the most benefit as resistance training appears to have a greater 

effect at the lumbar spine while high impact aerobic exercises may produce greater responses at 

the hip region. Therefore, more research is needed to evaluate the effectiveness of higher 

intensity exercise programs to determine if there is an added benefit to BMD by increasing 

exercise intensity.  
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Exercise Interventions to Improve Physical Function in BCS 

 

 Resistance and aerobic training interventions can also contribute to improvements in 

physical function in BCS. The 8-week resistance training intervention implemented by Benton et 

al. (2014) (described above) improved functional fitness outcomes assessed via the 30-second 

arm curl and 30-second chair stand tests in both younger and older BCS. The younger group 

increased arm curl repetitions by 7% while the older group improved by 19%. The number of 

chair stands increased by 21% and 16% in the younger and older groups, respectively. 

Surprisingly, the resistance training + impact 12-month intervention implemented by Winters-

Stone et al. (2013) did not have an effect on physical function measured via chair stands, 

standing balance tests, and a 4-meter gait speed test compared to the control group. This may be 

due to low adherence rates in the exercise intervention group. Although this 12-month 

intervention failed to see gains in physical function, Simonavice et al. (2015) observed 

significant functional improvements in upper body strength (12%), lower body strength (17%), 

balance and coordination (12%), endurance (12%), and total physical function (12%) assessed 

via the Cs-PFP test following six months of a low-to-moderate resistance training program 

(52%–69% 1RM). The Cs-PFP test is an objective test that consists of tasks that mimic activities 

of daily living and is both reliable (Cress et al., 1996)  and is sensitive to change (Cress et al., 

1999). While exercise interventions prove to be a valuable means of improving physical 

function, there is limited research assessing the impact of exercise training on objective physical 

function measures in this population. Therefore, more research is needed to determine the impact 

of various exercise modes and intensities on physical function in BCS. 
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Exercise Interventions to Improve Quality of Life and Fatigue in BCS 

 

In addition to favorable changes in strength and body composition, both resistance and 

aerobic training programs may also impact quality of life and fatigue in BCS. For example, 

participants completing an 8-week resistance training program reported decreased impairment in 

quality of life (Benton, Schlairet, & Gibson, 2014). Hagstrom et al. (2016) also observed a 

decrease in fatigue and improved quality of life in BCS following a 16-week resistance training 

program performed three times per week. Also, increases in aerobic fitness during chemotherapy 

treatment have been found to be associated with improvements in quality of life, fatigue, 

depression, and anxiety (Courneya et al., 2007b). Improvements in muscle mass were associated 

with higher quality of life, self-esteem, and less depression (Courneya et al., 2007b). 

Furthermore, those in the resistance training program were more likely to complete 

chemotherapy treatment (Resistance training: completed 89.8% of recommended dosage; 

control: completed 84.1% of recommended dosage) (Courneya et al., 2007b). Resistance training 

has also been found to decrease the number and severity of hand and arm symptoms that occur 

with lymphedema, which play a role in overall quality of life (Schmitz et al., 2009).  

A recent meta-analysis concluded that both supervised aerobic and resistance training can 

improve cancer-related fatigue (Meneses-Echávez, González-Jiménez, & Ramírez-Vélez, 2015). 

In addition, supervised exercise training had positive outcomes on health-related quality of life, 

specifically in the functional and physical wellbeing domains. The authors suggest that 

interventions performed 3 days per week for 40 minutes for at least 28 weeks would elicit greater 

improvements in fatigue levels compared to those of lower volumes (Meneses-Echávez et al., 

2015).  
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High Intensity Interval Training and High Impact Training Programs in BCS 

 

High intensity interval training (HIIT) is a specific type of exercise training that consists 

of repeated short bouts of exercise that are performed at or close to maximal levels of exertion 

followed by a low intensity recovery phase (Gibala & McGee, 2008). Due to the intermittent 

recovery bouts, this type of training allows an individual to perform a higher intensity exercise 

for an overall longer percentage of exercise training time compared to what a steady state aerobic 

exercise would allow. Overall fitness benefits of HIIT include improved VO2max (Burgomaster, 

Hughes, Heigenhauser, Bradwell, & Gibala, 2005), increased performance during aerobic 

activities (Burgomaster et al., 2005), greater muscle oxidative capacity (Gibala et al., 2006), and 

improved body composition (Gremeaux et al., 2012). In addition, a major benefit to this type of 

training may be the lower overall training volume needed to elicit similar cardiovascular 

adaptations to a lower intensity endurance training program. For example, Gibala et al. (2006) 

compared six exercise sessions of a HIIT protocol to a continuous endurance training program at 

a steady intensity of 65% of VO2peak for two weeks. Although the total exercise time was 90% 

less for the HIIT group, both groups experienced similar gains in exercise performance and 

skeletal muscle oxidative capacity. In addition to performance outcomes in athletes, HIIT has 

also been found to be beneficial and safe in treating and rehabilitating individuals with chronic 

diseases including cardiovascular disease (Lavie, Arena, & Earnest, 2013), stroke (Boyne et al., 

2013), and metabolic disorders (Jelleyman et al., 2015).  

Although HIIT has been shown to be a safe and effective form of exercise in other 

chronic disease populations, there are very few studies that have implemented a HIIT 

intervention in BCS. One study aimed to compare a short 4-week high intensity interval protocol 

with a moderate intensity endurance protocol in colon cancer patients who had completed 
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treatment. The high intensity protocol consisted of a 10-minute cycling warm-up followed by 

four 4-minute bouts of cycling at 85-95% of peak heart rate followed by a 3-minute recovery 

period at an intensity of 50-70% of peak heart rate (Devin et al., 2016). The exercise bout lasted 

for a total of 38 minutes. The moderate intensity protocol lasted for 50 minutes and participants 

maintained an intensity of 50-70% of peak heart rate. The moderate intensity protocol complied 

with the current exercise guidelines for cancer survivors (Schmitz et al., 2010). Exercise sessions 

were completed three times per week. Following the 4-week intervention, the high intensity 

group experienced a significant increase in peak VO2 compared to baseline while the peak VO2 

in the moderate intensity group did not change. In comparison to baseline values, favorable body 

composition changes occurred in the high intensity group, but not in the moderate intensity 

group, with an increase in muscle mass (+0.72 ± 0.80 kg) and decrease in both fat mass (0.74 ± 

0.65 kg) and body fat percentage (1.0 ± 1.0%) assessed by DXA. Adherence to the program was 

high (96.7% for high intensity and 94.1% for moderate intensity) and there were no severe 

adverse events that occurred throughout the study. Non-severe events included aggravation of 

pre-existing sciatica and knee pain in an individual with osteoarthritis. Given that the high 

intensity group experienced greater aerobic and body composition benefits with less overall time 

dedicated to the exercise training along with no severe adverse events reported, it is suggested 

that a higher intensity program of shorter duration may be more advantageous for BCS than a 

moderate aerobic training program. 

Longer HIIT programs have also been shown to be both safe and effective. Hwang et al. 

(2012) reported increases in both aerobic capacity and peak torque of the quadriceps in an eight-

week HIIT program in lung cancer patients. Kampshoff et al. (2015) implemented a 12-week 

HIIT cardiovascular protocol in combination with a high intensity resistance training program in 
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individuals who had completed chemotherapy treatment for breast, colon, ovarian, cervix and 

testis cancer along with lymphomas. This was compared to a low intensity cardiovascular 

protocol combined with a low intensity resistance training program. The first four weeks of the 

HIIT component consisted of two sets of 8-minute cycling bouts for 30 seconds at 65% of the 

participant’s measured maximal short exercise capacity followed by 60 seconds at 30%. The 

low-intensity group cycled at an intensity of 45% maximal short exercise capacity followed by 

60 seconds at 30%. Starting at week 5, the high intensity protocol was changed to three 5-minute 

exercise bouts at a constant intensity that was greater than or equal to 80% HRR. A minute of 

rest was given between each 5-minute bout. The low intensity group performed the same number 

of bouts at 40-50% of HRR. Both training protocols resulted in improved cardiovascular fitness 

as measured by peak VO2. Both exercise protocols demonstrated significant reductions in fatigue 

compared to a control group. The high-intensity group had greater improvements in both quality 

of life and anxiety compared to the controls. Both exercise groups reported improvements in 

physical function compared to controls with no difference between the groups. The general 

improvement in both groups compared to the control group implies that both low and HIIT 

programs can have beneficial effects on fatigue, physical function, and aerobic capacity. In 

addition, no adverse effects related to the exercise protocols were reported, suggesting that HIIT 

may be safe and feasible in a cancer population (Kampshoff et al., 2015). 

 A one-year study assessed the efficacy of a cycling HIIT program combined with 

resistance training performed once per week in cancer survivors who had completed treatment 

(Midtgaard et al., 2013). Cardiovascular fitness significantly increased compared to the controls 

as well upper and lower body strength assessed via 1RM tests. Significant favorable within-

group changes occurred in quality of life measures, fatigue, and role functioning. One reported 
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adverse event was the development in lymphedema in 6 participants in the HIIT group; however, 

they were able to complete the resistance training protocol without any exacerbation of 

symptoms.  

 Finally, only one HIIT study has been conducted specifically in BCS. Schmitt et al. 

(2016) separated 26 BCS into two groups: a HIIT group and a low-moderate intensity exercise 

group. The HIIT group completed a total of eight training sessions over the course of three 

weeks. Participants in the HIIT group completed these sessions outside on a paved up-hill road. 

Each participant completed eight one-minute up-hill walking intervals at an intensity that was 

greater than 95% of peak heart rate followed by two minutes of slow walking recovery periods. 

The low-moderate intensity group performed six sessions of cardiovascular exercise sessions 

over the course of three weeks. These sessions consisted of a 60-minute outdoor walk followed 

by 15 minutes of indoor cycling at 60% of peak heart rate. Surprisingly, only the moderate 

intensity group showed increases in peak VO2. No changes in total body mass nor muscle mass 

were observed in the HIIT group although they did experience a mean loss in body fat mass. An 

increase in muscle mass and total fat-free mass was observed in the low-moderate exercise group 

compared to baseline. The authors suggest that these favorable changes seen in the low-moderate 

group and not in the HIIT group were possibly due to the participants possibly terminating the 

aerobic capacity test early or the extent of the training may not have been sufficient enough to 

elicit aerobic improvements. Both interventions improved quality of life and fatigue scores. No 

adverse events related to treatments were observed. While this three-week intervention was most 

likely not long enough to produce favorable body composition changes in BCS, this study does 

demonstrate that it is feasible to implement a short-term (3 weeks) HIIT program in BCS without 

adverse side effects. 
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 While all the HIIT studies conducted in cancer patients thus far seem to be safe and at the 

same time offer some type of fitness benefit, the training modes used in most of the studies 

would probably not be ideal for optimal improvements in muscle mass, strength, physical 

function, and BMD since cycling is a non-weight bearing activity and has actually been shown to 

decrease BMD at the hip and lumbar regions in young cyclists (Mojock et al., 2016). In order to 

stimulate improvements in these variables, a program consisting of more weight-bearing 

activities would most likely be needed. Heinrich et al. (2015) conducted a 5-week pilot study in 

eight cancer survivors (four of the participants were BCS) (47-60 yrs) to assess the feasibility 

and efficacy of a high intensity functional training program (HIFT). The exercise program 

consisted of 60-minute sessions completed three nights per week. Protocols were similar to a 

Cross-fit® model with a variety of aerobic, body weight, and weightlifting exercises performed 

throughout the workout. The five-week program resulted in a significant gain in muscle mass 

(3.8 ± 2.1 kg) and decrease in fat mass (3.3 ± 1.0 kg) and body fat percentage (4.7 ± 1.2%) 

assessed via DXA. Physical function was assessed using seven different functional tasks: Single-

Leg Stance, Sit-and-Reach, Timed Up and Go, Lift and Carry, Chair Stand, Repeated Stair 

Climb, and 6-minute walk tests. Scores on the Single-Leg Stance, Lift and Carry, Repeated Stair 

Climb, and Chair Stand tests significantly improved over time. Distance walked for the 6-minute 

walk test also significantly improved. The average workout length was 12 minutes with an 

average of 30.4% of the workout time spent in vigorous activity (greater 85% of maximal heart 

rate). Although this study found favorable changes in body composition and physical function in 

the cancer survivors, the results must be interpreted with caution as a small sample of six of the 

eight participants completed the study. Nonetheless, the body composition and functional 

improvements observed in such as short training period warrants future research on the ability of 
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HIFT programs to promote increases in muscle mass, strength, physical function, and BMD 

along with reductions in fat mass in BCS.  

Programs incorporating high impact exercises have also been found to be beneficial for 

body composition, bone, and strength. Winter-Stone et al. (2012) combined a resistance training 

program with an impact training protocol consisting of plyometric exercises with loads 

corresponding to 60-70% of 1RM in older (mean age: 62 ± 7 yrs) postmenopausal BCS for 12 

months. The resistance training portion was implemented using dumbbells, barbells, resistance 

bands, and weighted vests. This was then combined with a series of jumps onto a one-inch 

platform with a weighted vest. Participants completed two supervised sessions and one home 

session per week. Following the 12-month intervention, participants experienced significant 

gains in upper and lower body strength compared to the control. Likewise, increases in upper 

body strength, but not lower body strength, and maintenance of body weight was found in a 

similar intervention conducted by the same researchers in women who experienced 

chemotherapy-induced premature menopause (Winters-Stone et al., 2013). No changes in muscle 

mass were observed.  

In regards to changes in bone, this same resistance and impact training protocol was able 

to maintain BMD at the hip and the lumbar spine compared to a control group in women who 

experienced chemotherapy induced menopause (Winters-Stone et al., 2013). This was only 

present in women who were postmenopausal for a minimum of one year. When combined with 

women who were postmenopausal for less than a year, this interaction effect no longer existed. 

This is most likely due to the lower rate of estrogen loss, and thus BMD loss, in those who were 

postmenopausal for a shorter period of time.  



78 

Winters-Stone et al. (2011) found that a similar exercise intervention lasting for 12 

months in postmenopausal BCS who had completed adjuvant treatment preserved BMD at the 

spine, but not the hip. The authors concluded that a longer exercise intervention or an exercise 

program that imposes a greater stimulus might be necessary for BMD maintenance at the hip in 

postmenopausal BCS. A one-year follow-up after the completion of this study demonstrated that 

BMD was able to be maintained at the lumbar spine in those who continued to exercise at an 

equal or lower intensity and frequency than the original intervention (Dobek, Winters-Stone, 

Bennett, & Nail, 2014). Rates of BMD loss were similar to the control group in those who failed 

to continue exercise training following the completion of the study. 

A 12-month high impact training program consisting of a weekly session of step aerobics 

or circuit training (both included approximately 150-180 hops or jumps per session) along with 

two to three home training sessions was successful in maintaining BMD at the hip region, but not 

the lumbar spine region in premenopausal women (Saarto et al., 2012). Postmenopausal women 

completing the same training protocol experienced losses at the hip and spine regions that were 

no different than the non-exercise control group. The authors suggest this difference between 

premenopausal and postmenopausal women may be due to changes in endocrine status with 

menopause that may modify bone response to exercise. 

Overall, programs of higher intensity or higher impact exercises may be more beneficial 

for the preservation or building of BMD in BCS. In addition, these types of programs show 

promising results for positive changes in muscle mass, fat mass, strength, and physical function. 

While no studies to date have shown significant increases in BMD in BCS with high intensity or 

high impact training, there is some evidence that supports improvements in BMD with impact 

training in healthy postmenopausal women (Jessup et al., 2003; Kemmler et al., 2003). 
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Therefore, more research is needed to determine if there is an optimal high intensity or high 

impact training program that can elicit bone density improvements in BCS. 

 

Yoga Interventions in BCS 

 

There is growing evidence to support the positive effects of yoga on quality of life and 

fatigue in BCS during and after treatment. Yoga is a mind-body practice consisting of one or a 

combination of yoga postures (asanas), controlled breathing (pranayama), and meditation 

(dyana). It has become a popular choice of exercise in the US with approximately 13.2% of the 

adult population (31 million adults) and 9.7% of women reporting practicing yoga at some point 

in their lifetime (Holger Cramer et al., 2016). Reported reasons for yoga participation are 

maintenance of health and wellness, disease prevention, improvement in energy levels, increase 

in immune function, and management of conditions such as back pain, stress, and arthritis 

(Holger Cramer et al., 2016). 

Culos-Reed et al. (2006) implemented a 7-week yoga program that consisted of one 75-

minute class per week in BCS who had completed treatment. The class was structured to include 

ten minutes of gentle breathing, 50 minutes of asana practice designed for strengthening and 

stretching, and 15 minutes of relaxation (shavasana). A main group effect was observed 

following the seven-week program where participants in the yoga group had higher global 

quality of life and emotional functional scores compared to the control group. While the post-

intervention quality of life and emotional functional scores were higher in the yoga group, there 

was not a significant interaction effect. Physical function was also assessed via grip strength, sit 

and reach, and the 6-minute walk test. These physical function measurements in the yoga group 

did not differ from the control over time; however, there was a significant time effect for both 

groups on all three tests. Both groups improved sit and reach scores and walking distance while 
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hand grip scores decreased. While there was no difference between groups on any quality of life 

measurements over time, results from this study suggest that BCS may experience some benefit 

in quality of life from one weekly yoga session over a short period of time. 

Andysz et al. (2014) examined the effects of a 10-week yoga class that consisted of 

poses, breathing exercises, and relaxation on quality of life in women who had undergone breast 

surgery. Yoga classes took place once per week and lasted for 90 minutes. The postures included 

standing, seated, and lying poses assisted by props when needed. Quality of life was assessed 

using a questionnaire designed by the European Organization for Research and Treatment of 

Cancer (EORTC). This questionnaire assesses global health status and quality of life along with 

functioning and symptom scales that assess side effects of treatment including the occurrence of 

vomiting, pain, shortness of breath, and appetite loss. The questionnaire also contained a 

supplementary module that was specific to breast cancer patients. This scale assesses body 

image, sexual functioning, sexual enjoyment, and future perspective. It also assesses side effects 

of therapy, arm and breast symptoms, and upset due to hair loss. The results of the study showed 

that there was a significant increase in general health status and quality of life scores within in 

the yoga group (61.1 ± 12.5 to 72.2 ± 14.8). In addition, arm symptoms such as pain, swelling, 

sensitivity, and mobility significantly declined in the yoga group. General health status and 

quality of life in the control group remained constant (56.3 ± 20.3 to 55.6 ± 23.5) and no change 

was reported in arm symptoms over time. General health status and quality of life scores 

following the intervention were higher in the yoga group compared to the control. Breast and 

arm symptoms were also lower in the yoga group compared to the control following the 

intervention. Fatigue scores did not differ between groups after the completion of the 

intervention and they did not significantly improve from pre- to post-testing in either group. This 
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study again suggests that yoga can have beneficial effects on health and quality of life over a 

short period of time in BCS. 

Danhauer et al. (2009) examined the effects of a 10-week restorative yoga intervention on 

fatigue, psychological distress, psychological wellbeing, and quality of life in ovarian cancer 

survivors and BCS. Participants were between two and 24 months post-surgery. Thirty-six 

percent of participants in the yoga group and 13.1% of participants in the control group were 

undergoing chemotherapy during the intervention period while 27.3% and 13.1% in the yoga and 

control groups, respectively, were undergoing radiation treatment. The intervention consisted of 

ten 75-minute restorative yoga classes that involved breathing, yoga postures, and relaxation. All 

yoga postures consisted of gentle poses that focused on stretching and were supported by props 

when needed. Poses were held for a range of 20 seconds to five minutes each. After the 10-week 

intervention, those participating in the restorative yoga class experienced improved emotional 

well-being scores compared to the control group. Emotional wellbeing was assessed using the 

FACT-B health-related quality of life questionnaire. While there was no difference between the 

restorative and control groups in fatigue (FACT-F scale) or perceived physical health and 

functioning (SF-12 PCS), when adherence to the program was analyzed, correlations indicated 

that SF-12 PCS and FACT-B scores increased by 2.5 and 2.1 points, respectively, for each class 

attended. Women who attended 7 or more classes had an average FACT-B score that was 10.2 

points higher than women who attended 6 classes or less. This was not statistically significant; 

however, a 7-8 point change in the FACT-B designates a clinically significant change. Although 

fatigue scores were not significant between groups at any time point and did not change over 

time, those who attended six or less classes had a baseline mean score that was 6.7 points lower 

than those who attended at least seven classes. Therefore, fatigue levels may serve as a barrier to 
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adherence to a yoga program. In addition, this article suggests that at least seven classes of 

restorative yoga may be a minimum number of classes for BCS to see improvements in quality 

of life from a yoga program.  

 While these aforementioned studies showed promising results to support the use of yoga 

for the improvement of quality of life, they have not indicated that yoga has a direct benefit on 

fatigue levels. This may be due to the short duration of the interventions or the baseline fatigue 

levels of the participants. For example, Bower et al. (2012) studied the effect of a 12-week 

Iyengar yoga intervention in BCS with persistent post-treatment fatigue levels. The yoga group 

significantly improved fatigue levels, assessed via the fatigue symptom inventory (FSI), by the 

end of the intervention and at a three-month follow-up assessment compared to the control 

group’s fatigue scores, which remained stable throughout the study.  The researchers also 

assessed functional fitness using the chair stand and functional reach tests. They did not find any 

differences between groups over time for these functional tasks although there was a time effect 

for the chair stand with both groups improving over time.  

 A longer yoga intervention lasting three months found that adherence had an impact on 

changes in fatigue, physical well-being, and distress levels in BCS (Moadel et al., 2007). 

Participants were on average, one year post-diagnosis and 48% were undergoing treatment 

during the study. Since the participants were instructed to attend as many classes as they would 

like, there was a wide range of class adherence from 0-19 classes attended. When fatigue, 

physical wellbeing, and distress scores were separated based on adherence, those who attended 

more than six classes had significantly greater improvements in these variables than those who 

attended 1-6 classes or those who did not attend any classes. 
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 Several systematics reviews and meta-analyses have examined the effects of yoga on 

quality of life and fatigue. Cramer et al. (2012) concluded that yoga might have small short-term 

effects on functional, social, and spiritual well-being. Buffart et al. (2012) found similar results 

as they concluded that a yoga intervention resulted in moderate increases in health-related 

quality of life, emotional function, and social function along with moderate decreases in fatigue 

levels in BCS. In contrast, Pan et al. (2015) found that yoga improved overall health-related 

quality of life; however, their analyses suggested that yoga did not have significant 

improvements on physical well-being or fatigue levels in BCS.  

While the current literature on yoga has been promising, most studies have implemented 

interventions of short duration (three months or less) and have not assessed the long-term health, 

quality of life, and fatigue-related outcomes from these interventions in BCS. In addition, the 

intensity of the yoga programs have differed from more gentle, restorative practices to ones that 

incorporate postures that require more strength and muscular endurance. There is also limited 

data on the effect of yoga on strength and physical function in BCS. Therefore, more research is 

needed to determine the effects of a yoga program of longer duration on quality of life, fatigue, 

strength, and physical function in BCS.  

 

Conclusions 

 

Due to the adverse effects that breast cancer treatment has on body composition and 

bone, many BCS must contend with accelerated losses in muscle mass, BMD, strength and 

physical function along with gains in fat mass. While aerobic and resistance training 

interventions, even programs of low intensity, have been successful in improving strength and 

physical function while maintaining muscle mass, body fat, and BMD in BCS, few have been 

effective in eliciting improvements in these measurements. Some studies have reported small 
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BMD improvements in non-cancer postmenopausal women following combined resistance 

training and impact exercise protocols (Jessup et al., 2003; Kemmler et al., 2003). A recent meta-

analysis in postmenopausal woman without cancer concluded that protocols combining 

resistance training with high impact exercise was effective in improving hip and spine BMD 

(Zhao et al., 2015). Comparatively, the meta-analysis found that resistance training protocols 

alone only produced non-significant positive effects on BMD (Zhao et al., 2015). While there are 

no studies to show improvements in BMD in a breast cancer population, results from some 

studies are positive as they have observed small non-significant improvements in muscle mass, 

body fat, and BMD along with increases in markers of bone formation, suggesting that 

improvements are indeed possible in the breast cancer population. Therefore, more research is 

needed to determine if exercise programs of longer durations, greater frequency, or higher 

intensities combined with more impact training (i.e. plyometrics, hopping, jumping) may be 

more effective in improving body composition and BMD while also continuing to increase 

strength and physical function. In addition, both resistance training and yoga interventions have 

been successful in improving fatigue and quality of life in BCS. There is no current evidence 

indicating whether one is more effective than the other for improving these outcomes in BCS. 

While yoga, especially gentle forms such as restorative and yin yoga, may not be optimal for the 

improvement in body composition and bone, more research is needed to identify if this mode of 

exercise may produce positive effects in physical function in BCS.  
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CHAPTER 3 

 

RESEARCH DESIGN AND METHODS 

 

 
This study was a randomized control trial with the purpose of examining the effect of two 

non-pharmacological exercise interventions, functional impact training (FIT) and yin yoga 

(yoga), on body composition, BMD, biomarkers of bone metabolism, strength, physical function, 

fatigue, and quality of life. BCS were assigned to the FIT or yin yoga group, matched for breast 

cancer stage, type of cancer treatment, age, muscle mass, and BMD. BCS with stages 0–III 

breast cancer, who had completed primary treatment for a minimum of six months or were three 

months post-surgery, were eligible to participate in the study. Women who were taking hormone 

suppressant therapies such as aromatase inhibitors or tamoxifen were eligible to participate since 

these treatments are often prescribed for 5-10 years after the completion of primary treatment. 

Participants completed the training programs twice per week for six months. Baseline, 3-month, 

and 6-month measures of body composition, BMD, biomarkers of bone metabolism, strength, 

physical function, fatigue, and quality of life were assessed using repeated measures analysis of 

variance (ANOVA). 

 

Inclusion Criteria 

 

Participants between the ages of 45 and 75 years with stage 0-III breast cancer who had 

completed primary breast cancer treatment (chemotherapy and radiation) for a minimum of six 

months or completed surgery for a minimum of three months were eligible to participate. 

Participants who were taking aromatase inhibitors or tamoxifen were eligible to participate. 
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Exclusion Criteria 

 

Participants who had been diagnosed with stage IV breast cancer or women who had 

been identified with active cancer were not eligible to participate in the study. In addition, 

women who were currently undergoing primary breast cancer treatment or were receiving 

medication that is known to affect muscle or fat metabolism were excluded. Women with other 

chronic conditions including uncontrolled hypo or hyperthyroidism, uncontrolled hypertension 

(>160/100 mmHg), uncontrolled diabetes, and uncontrolled heart disease were also excluded. 

Those who were currently participating in a regular exercise program (resistance training > one 

time per week, aerobic training > two times per week, or yoga > two times per week) were 

ineligible to participate in the study. Those who were taking anabolic steroids as breast cancer 

treatment for less than 6 months prior to the study were ineligible to participate.   

 

Data Collection 

 

Orientation Visit 

 

This study was approved by the Institutional Review Board at Florida State University 

(Appendix A). Eligible participants met with the researchers at the Clinical Exercise Physiology 

Laboratory at Florida State University for an orientation visit. During this visit, participants were 

provided with a full review of the study details and were given the opportunity to ask questions. 

If they decided to participate, they then completed the informed consent (Appendix B). 

Following the informed consent, participants completed a medical history questionnaire 

(Appendix C). Each participant was also given a physician’s consent form to take to her 

oncologist or primary care physician to inform the physician about her participation in the study 

and to ensure that the physician did not have any concerns (Appendix D). Once participants 

obtained consent from their physician, they were scheduled for the laboratory 1 visit. 
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Laboratory Visit 1 

 

During the first baseline visit, participants completed several questionnaires to assess 

quality of life, fatigue, and perceived benefits and barriers to exercise (Appendix E). The specific 

questionnaires were the SF-36, Functional Assessment of Cancer Therapy (FACT-B), and 

Functional Assessment of Chronic Illness Therapy – Fatigue (FACIT-F). Participants completed 

the questionnaires in a quiet room in the exercise physiology laboratory. 

Resting heart rate and blood pressure were assessed after participants completed the 

questionnaires. Heart rate was assessed at the radial artery and blood pressure was assessed at the 

brachial artery. Blood pressure measurements were taken twice. If the systolic measures differed 

by more than 8 mmHg or diastolic differed by more than 6 mmHg, a third measurement was 

taken and the two closest systolic measures and diastolic measures were averaged for the 

criterion measures. 

Following the blood pressure measurements, 20 milliliters of blood were drawn under 

sterile conditions, taken at the vein in the antecubital space by a trained technician. The blood 

was centrifuged at 3500 rpm and 4
o
 C for 15 minutes to separate whole blood from serum. Serum 

was aliquoted into multiple tubes and stored at -80
o
 to later analyze BAP and TRAP-5b using 

enzyme linked immunosorbent assays (ELISA) according to the manufacturer’s instructions 

(Quidel Corporation, USA).    

Height and weight were measured and used to calculate BMI (kg/m
2
). Waist 

measurements were taken by the researcher from a frontal view at the smallest area of the torso, 

1-2 cm below the last rib. The value was recorded when the participant completed a normal 

exhale. Hip measurements were taken from a side view at the largest part of the hips while the 

participant stood with her feet together. Both circumference measures were completed twice. If 
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the two measurements at each site were not within 5 mm of each other, a third measurement was 

taken. The closest two measurements were averaged for a final waist and hip value (Kaminsky, 

2014). Measurements were taken using a Gulick fiberglass measuring tape with a tension handle 

(Creative Health Products, Inc.; Ann Arbor, MI). 

 Body composition was assessed using the DXA (Lunar, GE Healthcare). The DXA scans 

lasted approximately 30 minutes. A total of six scans were completed for each participant: 1) 

anteroposterior view of the total body with the participant lying in a supine position; 2) 

anteroposterior view of the lumbar (L1-L4) spine with the participant lying in a supine position 

with hips and knees supported at a 90° angle; 3) anteroposterior view of both the right and left 

femoral neck with the participant lying in a supine position with internal rotation of the legs; and 

4) posteroanterior view of the participant’s right and left forearms with the participant lying in a 

supine position. From the total body scan lean mass and fat mass (gynoid and android fat mass) 

were obtained as well as the appendicular skeletal muscle index (ASMI).  This was calculated by 

dividing the sum of the arm and leg lean mass by the squared height in meters.  

 Following the body composition measures, the participant completed a 1RM chest press 

on a resistance machine (MedX, Ocala, FL). For each test, the participant warmed up by 

completing several submaximal repetitions. The initial weight was set based on how the 

participant rated her perceived exertion from a scale of 0 – 10 during the warm-up. A lower 

weight was set if a higher rating was given and a higher weight was set if a lower rating was 

given to reach approximately 70% of the participant’s perceived capacity. The weight was 

gradually increased by 4.5 kg – 18 kg until the participant reached a weight that she could only 

lift for one repetition. A rest period of 3-5 minutes was given between each trial.  
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Isokinetic concentric knee extension and flexion was assessed at 60
o
/second, 

120
o
/second, and 180

o
/second using the Biodex Medical System 3 (Shirley, NY). All 

measurements were performed using the dominant leg. The participant was seated upright with 

the upper leg, waist, and shoulders stabilized with safety straps. The chair was positioned so that 

the participant’s knee axis of rotation was in line with the dynamometer shaft. Prior to the start of 

the test, the participant’s knee extension and flexion range of motion was set. Three repetitions 

of concentric knee extension and flexion were performed following two practice repetitions at a 

speed of 60
o
/second. This was followed by a 30-second rest period, after which the participant 

performed three repetitions of concentric knee extension and flexion at 120
o
/second and 

180
o
/second. The peak torques (Nm) for knee extension and flexion were recorded at all three 

speeds. This was followed by an isometric leg strength test where the participant pushed against 

a stationary testing arm at 60
o
 knee extension.  The participant contracted against the fixed arm 

in extension for 5 seconds followed by 10 seconds of rest then contracted for 5 seconds in 

flexion again followed by 10 seconds of rest.  This sequence was repeated two more times. Peak 

torque was recorded for both isometric extension and flexion. 

At the end of this first visit, the participants were given an activity monitor (Fitbit, Inc) to 

wear on their wrist for one week and a log to record the steps/day (Appendix F). Participants 

were asked to return the log and Fitbit the following week during the second laboratory visit. 

 

Laboratory Visit 2 

 

 During the second visit, participants had their arm circumferences assessed. Participants 

were seated in a chair with their arm resting on a desk with the hand in a pronated position. Arm 

circumference was initially assessed at the styloid process of the ulna. Circumference 

measurements were taken along the length of the arm for 45 cm at 3 cm increments. Midhand 
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circumferences were also assessed. Measurements were taken using a Gulick fiberglass 

measuring tape with a tension handle (Creative Health Products, Inc.; Ann Arbor, MI). A sum of 

the measurements for each arm was used to calculate total volume for upper extremities. A 

percentage difference in volume of the affected (side of the breast cancer) limb was calculated in 

reference to the unaffected limb to determine the difference in volume between the two arms. A 

circumference of 10% or greater in the affected arm volume compared to the unaffected arm 

volume was the criterion used to indicate the presence of lymphedema. 

Participants then completed the continuous scale physical functional performance test 

(CS-PFP). This test assesses physical function with tasks that mimic everyday activities. This 

test has been validated and has high test retest reliability (r = 0.97) (Cress et al., 1996). It is also 

sensitive to change over time (Cress et al., 1999). The ten different tasks that make up the CS-

PFP range in difficulty level from low to high. The low difficulty tasks consist of carrying a 

weighted pot from one counter to another counter, putting on and removing a jacket, and a 

vertical reach test. Moderate difficulty tasks include one where the participant must pick up four 

scarves from the floor, a floor sweep where the participant must sweep up the contents in a 0.9 x 

1.2 meter (4 x 3 ft) space, and two tasks that involve transferring laundry from the washer to the 

dryer and to a laundry basket to a counter top. The higher difficulty tasks consist of sitting on the 

floor and then returning to a standing position, ascending a flight of stairs, carrying groceries up 

and down a series of three steps, walking a distance of 70 meters, opening a door and placing the 

groceries on a counter, and a 6-minute walk. Participants were instructed to perform each task at 

a maximal effort that could be done safely and comfortably. The CS-PFP test took approximately 

30-45 minutes to complete. A total physical function score was calculated based on the time it 

took for the completion of each task, the amount of weight carried, and the distance walked for 
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six minutes. Domain scores including upper body strength, upper body flexibility, lower body 

strength, balance and coordination, and endurance were also calculated.  

The 1RM test was completed again, and the best measurement from the two laboratory 

visit days was recorded as the 1RM value. A sit-to-stand test was also performed to assess 

muscle power with a Tendo power analyzer unit (TENDO Sports Machines, Trencin, Slovak 

Republic). The Tendo unit was attached to a belt that was wrapped around the participant’s hips. 

The participant stood up from a chair as fast as possible for five repetitions, waiting thirty 

seconds between each repetition. The average power and peak power from the best of the five 

trials was recorded. 

 

Intervention 

 

Once the two baseline visits were completed, participants were randomized to one of two 

groups, FIT or yin yoga stratified by breast cancer stage, type of cancer treatment, age, muscle 

mass, and BMD. The FIT and yin yoga sessions took place at three different locations: the 

Downtown Fitness Center, Westminster Oaks Retirement Community, and in the Sandels 

building at Florida State University. Participants assigned to the FIT group were instructed to 

complete 6 months of supervised exercise training sessions consisting of exercises that were 

performed using body weight and equipment including dumbbells and steps. These exercises 

consisted of a combination of upper and lower body exercises and high impact movements that 

included jumping and hopping. Each exercise session lasted approximately 45 minutes and was 

completed twice per week. The intensity of the exercise program started out low to prevent 

injury and introduced participants to the exercises and was gradually increased over the course of 

the 6 months. Exercises performed included lunges, squats, jumping jacks, burpees, push-ups, 

dumbbell rows, mountain climbers, step-ups, biceps curls, triceps extensions, and planks. The 
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participants progressed to more high impact versions of these exercises throughout the duration 

of the exercise program. Maximum and average heart rate values were recorded once every four 

weeks using the Fitbit Charge HR monitor (Fitbit, Inc, San Francisco). See Appendix G for 

figures and the description of the FIT protocol. All sessions were monitored and led by a 

certified fitness professional and all exercise sets and repetitions were recorded. After each 

exercise session, a rating of perceived exertion (RPE) using the modified BORG scale, with 

numbers ranging from 0-10 (Borg, 1982) was recorded for each participant.   

Participants assigned to the yin yoga group were instructed to complete 6 months of 

supervised yin yoga training sessions, which consisted of exercises that focused on stretching 

and relaxation. Exercises were lying or seated and were performed on a yoga mat using 

equipment such as yoga blocks and bolsters. Each yin yoga session lasted approximately 45 

minutes and was completed twice per week. See Appendix H for pictures and the description of 

the yin yoga protocol. The yin yoga sessions were led by a Yoga Alliance registered yoga 

teacher (RYT 200). Following each yin yoga session, RPE was recorded using the modified Borg 

scale (Borg, 1982).  

 

Mid and Post Testing 

 

Questionnaires, body weight, circumferences, blood pressure, heart rate, blood work, 

DXA (total body scan), strength and power tests, and the CS-PFP were completed again after 

three months (visits 3 and 4). All procedures from visits 1 and 2 were repeated during post-

testing at the end of the six months (visits 5 and 6). 
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Participant Recruitment, Retention, and Compliance 

 

BCS (stages 0-III) were recruited from the Tallahassee metropolitan and surrounding 

areas. Participants of all racial and ethnic backgrounds including African Americans, Asians, and 

Hispanics were encouraged to participate. Participants were recruited via the use of flyers posted 

across campus and in community buildings, public service announcements, newspaper 

advertisements and feature stories in local newspapers and magazines. We also met with the 

Tallahassee Memorial Hospital (TMH) Cancer Center and the Capital Regional Cancer Center to 

provide flyers and information about the study. We also attended local community events as 

well. In addition, we recruited from local breast cancer support groups, churches and hospitals, 

and community groups.  

In order to promote adherence to the program, we provided a $100 incentive to each 

participant who completed the 6-month study. In addition, research assistants were present 

during the exercise training sessions to assist the instructor and provide participants with 

additional encouragement and support. Compliance to the exercise sessions were recorded by the 

instructor. Participants who missed a session were contacted to remind them of the next session 

and to schedule a make-up session. 

 

Anticipated Risks and Solutions 

 

All participants were screened prior to participating in the study and needed a medical 

clearance from their doctor to ensure that they were eligible for the study and did not have any 

contraindications for exercise. If participants fell within the exclusion criteria anytime 

throughout the study, they were not able to continue participating. Prior to testing, participants 

were provided with an orientation to testing equipment. Experimenters were certified in first aid 
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and CPR and were present during testing. All exercise sessions were led by a trained and 

certified exercise physiologist and yoga instructor.  

The instructors facilitated a safe class that was designed to minimize soreness or risk of 

injury by leading participants through a thorough warm-up, providing thorough explanations and 

appropriate safety cues for each exercise and guiding them through an appropriate cool down 

period. In addition to the certified instructors that were leading the exercise sessions, there were 

also additional trained undergraduate and graduate students present that assisted participants with 

each exercise to ensure that they were completing the exercise with proper technique and to 

monitor exercise intensity. Participants were also provided with an individual familiarization 

exercise session before the intervention started so that the instructor could work one-on-one with 

each participant to ensure she was performing each exercise that would be done in the exercise 

classes safely with proper technique. Participants were provided modifications for any exercise 

that they could not physically perform with proper technique. 

Participants were also at risk for developing lymphedema if lymph nodes had been 

removed during surgery or if lymph nodes were damaged during radiation treatment. Although 

exercise has not been shown to exacerbate symptoms, researchers measured arm circumferences 

before, after 12 weeks, and at the end of the study and monitored symptoms by asking patients 

about specific symptoms including swelling in the arms, hands, and fingers, pain in the arm, skin 

tightness, or decreased range of motion in the arm, wrist, or fingers. If any of these symptoms 

occurred, the intensity of the exercise program was reduced for that participant. In addition, 

participants were encouraged to wear compression garments during the exercise sessions. 
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Statistical Analysis 

 

Based on previous results from Kemmler et al. (2003) who reported a 1.3% improvement 

in spine BMD in postmenopausal women participating in a strength and impact program 

compared to a control who experienced a 1.2% loss (effect size: 0.96), a sample size of 19 

participants per group was calculated in order to detect changes in BMD with 80% power with 

an α of 0.05. Descriptive statistics were calculated for all variables and include means and 

standard deviations for normally distributed continuous variables and medians, minima and 

maxima for non-normally distributed continuous variables. Independent t tests used to determine 

if there were differences in baseline variables between groups. Changes in dependent variables 

over time were analyzed using repeated measures ANOVA (group by time). When interactions 

were significant, a pairwise comparison (Bonferroni post-hoc test) was used to compare between 

group values as well as pre, mid, and post-test values within groups. For participants who 

completed baseline testing, but not the 3-month or 6-month assessments, an intention-to-treat 

was used. Therefore, for those missing the mid or final post-testing scores, the last measured 

value was carried forward to be used in the final analysis. Secondary analyses were also 

performed on just the participants who completed the study. All significance was accepted at p ˂ 

0.05. All analyses were performed using the SPSS (version 23) statistical package. Values were 

reported as means ± standard deviations. 
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CHAPTER 4 

 

RESULTS 
 

 
Participant Enrollment 

 

 A total of 97 BCS were provided information about the study (see Figure 2 for study 

progression flowchart). Fifty-eight women contacted researchers to express interest in the study. 

Of the 58 women, six did not meet eligibility criteria (currently exercising: n=3; currently 

undergoing primary treatment: n=3), 11 did not want to participate after learning more about the 

study requirements, and seven lived too far away from the research facility. Of the remaining 34 

BCS who met with researchers for the orientation visit, 32 consented to participate in the study 

and two declined due to time commitments. In addition to the BCS who contacted researchers, 

an additional 39 BCS were contacted through an existing breast cancer participant recruitment 

list. Researchers were able to get in contact with 21 of those individuals. Of these individuals, 

three did not meet eligibility criteria (currently exercising: n=2; heart and lung conditions: n=1) 

and five did not want to participate. The remaining 13 women met with researchers for an 

orientation visit and consented to participate in the study. 

Of the 45 participants who consented to participate, one did not complete baseline testing 

due to a job offer in another city. The remaining 44 participants completed baseline testing and 

were randomly assigned to either the FIT or yin yoga group, stratified by age, lean mass, BMD, 

breast cancer stage, and type of cancer treatment. Twenty-one women were assigned to the FIT 

group, and 16 completed the 24-week intervention. Five of the 21 participants assigned to the 

FIT group did not complete the study due to time constraints (n=2), the program being too 

difficult to complete (n=1), family emergencies (n=1), and travel commitments (n=1). Four of 

the five participants dropped out within the first eight weeks of the study, with only one 



97 

completing the 12-week assessment (76.2% of the 44 participants who completed baseline 

measures completed study).  

 

 

 
Figure 2. Participant progression through the study  

 

 

Twenty-three participants were assigned to the yin yoga group, with 16 completing the 

24-week intervention (69.6% participants completed study). Seven of the 23 participants 

assigned to the yin yoga group did not complete the study due to time constraints (n=3), 

additional surgeries (n=2), medical complications unrelated to the study (n=1), and an 

opportunity to attend fitness classes offered at her work (n=1). None of these seven participants 

reached the 12-week assessment; two participants did not attend any training sessions, four 
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dropped out within the first four weeks, and one participant dropped out after 10 weeks. Final 

results were analyzed on the 32 women who completed the 24-week study (16 per group) as well 

as an intent-to-treat analysis including the 32 participants who completed the study along with 

the 12 participants who consented and completed the baseline assessments. There were no 

differences in any baseline variables including age, cancer diagnosis and treatment, body 

composition, BMD, strength, physical function, QOL, and fatigue in those who completed the 

study and those who dropped out. 

 

Participant Characteristics 

Baseline participant characteristics of the 44 participants are shown in Table 1. Mean age 

of participants was 60.3 ± 8.3 years. Mean weight was 79.1 ± 18.5 kg and BMI was 29.6 ± 6.7 

kg/m
2
, with 8 participants (18.2%) classified as normal weight and 16 participants (36.4%) in the 

overweight category. Twenty participants (45.4%) were classified as obese (BMI ≥ 30.0 kg/m
2
). 

Mean time since breast cancer diagnosis was 8.0 ± 7.1 years and time since primary treatment 

completion was 7.0 ± 7.2 years. Baseline steps/day were measured on 40 participants (4 

participants who dropped out did not wear/return the Fitbits). Average steps/day were 6,860 ± 

3,053, classifying participants as ‘low active’ (Tudor-Locke & Bassett, 2004).  

Participants had been diagnosed with stage 0 (n=4), stage 1 (n=17), stage 2 (n=13), and 

stage 3 (n=9) breast cancer. One participant was unsure of her cancer stage. All participants had 

undergone surgery (N=44). Additional treatments included chemotherapy (n=24), radiation 

(n=25), and hormone therapy (aromatase inhibitors: n=12; Tamoxifen: n=11), with 61.3% of 

participants undergoing three or more treatment types. Fifteen participants were currently taking 

hormone therapy at the start of and throughout the study (aromatase inhibitors: n=9; Tamoxifen: 

n=6).  
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      Table 1. Baseline Demographics for BCS (N=44) 

Variable Mean ± SD Min-Max 
Age (years) 60.3 ± 8.3 41 – 77 

Weight (kg) 79.1 ± 18.5 49.2 – 152.6 

BMI (kg/m
2
) 29.6 ± 6.7 17.8 – 58.7 

Steps (steps/day)# 6,860 ± 3,052 1,928 – 15,078 

Systolic BP (mmHg) 126 ± 11 101 – 154 

Diastolic BP (mmHg) 76 ± 7 59 – 89 

Time since diagnosis (yrs) 8.0 ± 7.1 0.4 – 30.3 

Time since treatment completion (yrs) 7.0 ± 7.2 0.1 – 30.3 

Menopausal age 48.1 ± 5.0 36 – 56 

Cancer stage Frequency Percentage (%) 

    Stage 0 4 9.3 

    Stage 1 17 39.5 

    Stage 2 13 30.2 

    Stage 3 9 20.9 

    Unknown 1 2.3 

Cancer treatment Frequency Percentage (%) 

    Surgery 44 21.0 

    Chemotherapy 24 11.4 

    Radiation 25 11.9 

    Hormone therapy 23 52.3 

    Currently taking hormone therapy 15 34.1 
Values are means ± standard deviations. FIT: Functional impact training. BCS: Breast cancer survivors. 

BMI: Body mass index. BP: Blood pressure 

#indicates measurements for n=40 

 

 

 

There were no baseline differences between the FIT and yin yoga groups for age, weight, 

BMI, steps/day, blood pressure, or menopausal age (Table 2). Both groups had similar frequency 

distributions for both cancer stage and type of treatment received. Eighteen participants in the 

FIT group had been diagnosed with early stage breast cancer (stage 0: n=3; stage 1: n=9; stage 2: 

n=6) while 16 participants in the yin yoga group had been diagnosed with early stage cancer 

(stage 0: n=1; stage 1: n=8; stage 2: n=7). Three and six participants were diagnosed with stage 3 

(late stage cancer) in the FIT and yin yoga groups, respectively. Chemotherapy and radiation 

were received by 47.6% (n=10) and 57.1% (n=12) of participants in the FIT group, respectively, 

while 60.9% (n=14) and 56.5 % (n=13) of participants in the yin yoga group received 

chemotherapy and radiation, respectively. Four participants in each group had completed 
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hormone therapy while seven participants in the FIT (aromatase inhibitors: n=4; Tamoxifen: 

n=3) and eight participants in the yin yoga group (aromatase inhibitors: n=5; Tamoxifen: n=3) 

were taking hormone therapy at the start of and throughout the study. 

 

 

Table 2. Baseline Characteristics for Functional Impact Training and Yin Yoga Group (N=44) 

 FIT (n=21) Yin Yoga (n=23) 

Variable Mean ± SD Min-Max Mean ± SD Min-Max 

Age (years) 60.3 ± 7.4 44 – 77 60.4 ± 9.3 41 – 74 

Weight (kg) 80.6 ± 13.2 49.2 – 110.3 77.7 ± 22.6 52.3 – 153.6 

BMI (kg/m
2
) 29.8 ± 4.7 17.8 – 36.7 29.4 ± 8.2 19.5 – 58.7 

Steps (steps/day)# 7,511 ± 3,280 3,232 – 15,078 6,142 ± 2,683 1,928 – 11,817 

Systolic BP (mmHg) 127 ± 11 105 – 148 125 ± 11 101 – 154 

Diastolic BP (mmHg) 77 ± 6 66 – 86 74 ± 8 59 – 89 

Time since diagnosis 
(yrs) 

10.4 ± 8.7 0.6 – 30.3 5.8 ± 4.4* 0.4 – 18.7 

Time since treatment 
completion (yrs) 

9.9 ± 8.7 0.2 – 30.3 4.3 ± 4.2* 0.1 – 18.4 

Menopausal age (yrs) 47.7 ± 4.3 36 – 54 48.5 ± 5.5 37 – 56 

Cancer stage Frequency Percentage Frequency Percentage (%) 

    Stage 0 3 14.3 1 4.5 

    Stage 1 9 42.9 8 36.4 

    Stage 2 6 28.6 7 31.8 

    Stage 3 3 14.3 6 27.3 

    Unknown 0 0 1 4.3 

Cancer treatment Frequency Percentage Frequency Percentage (%) 

    Surgery 21 100.0 23 100.0 

    Chemotherapy 10 47.6 14 60.9 

    Radiation 12 57.1 13 56.5 

    Hormone therapy 11 52.4 12 52.2 

    Currently taking  
    hormone therapy   

7 33.3 8 34.7 

Values are means ± standard deviations. FIT: Functional impact training. BCS: Breast cancer survivors. BMI: 

Body mass index. BP: Blood pressure.  
*p < 0.05, significant difference between groups 

 

 

There were significant differences between the two groups in both time since diagnosis 

(p=0.034) and time since the completion of treatment (p = 0.012) with the FIT group having a 

mean time since diagnosis and treatment completion of 10.4 ± 8.7 years and 9.9 ± 8.7 years, 
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respectively. The yin yoga group had a mean time since diagnosis of 5.8 ± 4.4 years and mean 

time since treatment completion of 4.3 ± 4.2 years. While there was a difference between groups 

in these two variables, both groups had a combination of long-term (≥5 years since diagnosis) 

and short-term (˂5 years since diagnosis) BCS with the FIT group having 14 long-term and 7 

short-term BCS and the yoga group having 12 long-term and 11 short-term BCS.  

 

Program Volume and Adherence 

 

Tables 3 and 4 show the specific exercises, repetitions, time, sets, and progression for the 

FIT program. Participants completed two sessions/week, performing the first routine (Table 3) 

on the first training day and the second workout routine (Table 4) on the second training day 

with 48 hours between the two sessions. Each session lasted for 45 minutes. The program was 

performed in a circuit using steps with 1-2 risers, dumbbells, and stability balls. The circuit 

consisted of four rounds, each with four different exercises. Participants completed the four 

exercises in the round consecutively with minimal rest between each one, and then repeated the 

same four exercises for a second set. Once the second set was completed, the participants were 

given a 30-60 second break to rehydrate before moving onto the next round. Once all four rounds 

were completed twice, the participants were guided through a 5-minute cool down consisting of 

stretches for all major muscle groups. 

 The FIT participants completed a total of 16 different exercises on each training day. The 

circuit alternated between strength and high impact exercises with a music speed of 132-140 

beats per minute (BPM). Each set of strength exercises was completed for 16 repetitions. The 

first four repetitions of each set were performed slowly (4 counts on the concentric phase and 4 

counts on the eccentric phase), cued by the instructor. The last 12 repetitions of each set were 

either performed as a group at a pace of two counts per concentric and eccentric contraction or 
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participants were instructed to complete the repetitions at their own pace. The strength exercises 

performed over the 24 weeks were lunges, squats, single leg deadlifts, rows, push-ups, biceps 

curls, hammer curls, triceps kickback, dips, and triceps push-ups. With the exception of squat 

jumps, which were performed in the same manner as the strength exercises, the high impact 

exercises were done for a total of 60 seconds per set. Participants were instructed to complete as 

many repetitions as possible within the 60-second period. The high impact exercises included 

squat jumps, burpees, jumping jacks, skaters, skis, power jacks, mountain climbers, plank jacks, 

high knees, jogging, shuffles, and stepping up/jumping off the step (up-up-down-down). 

 The program started at a low intensity, with participants performing all exercises with 

light dumbbells (1.4 to 3.6 kg) and one riser under the step. Low impact options of the high 

impact exercises were initially introduced during the first 8 weeks. The program gradually 

progressed over time, with participants being encouraged to lift heavier dumbbells (3.6 to 5.5 

kg). At week four, participants added dumbbells in their hands during the lunges and at week 

four, an additional riser was added under the step. Every eight weeks, the exercises were changed 

or modified to increase the intensity. For example, during the first 8 weeks, lunges were 

performed with both feet on the floor. During the next 8 weeks, the front foot was elevated on 

the step during the lunges. During the final 8 weeks, the foot stance was changed so the back foot 

was elevated on the step with the front foot on the floor. The low impact options were changed to 

high impact exercises after the first 8 weeks. Squat jumps (day 1) and burpees (day 2) were 

gradually introduced over time, with participants performing 12 squats, and 4 jump 

squats/burpees during the first week of the second 8-week cycle. The ratio of squats to jump 

squats/burpees gradually decreased over the next 3 weeks until participants were performing four 

squats and 12 jump squats by week 12. During the last 8 weeks, the squat jumps were increased 
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to 16 repetitions. Since the intensity was increased every 8 weeks, the step was dropped to one 

riser for the first 4 weeks of each 8-week cycle to allow participants to get used to the higher 

intensity exercises before moving up to two risers for the last 4 weeks of each cycle.  

Participants in the yin yoga group completed two 45-minute yin yoga classes twice per 

week, with 48 hours between the two sessions. Each session consisted of 8-12 yin yoga postures 

that were performed in a seated, kneeling, or lying position. Postures were held for 3-5 minutes 

each, supported by props including blocks, bolsters, and straps. Postures performed included 

cat/cow, butterfly, half butterfly, dragon, seal, child’s pose, supported back bend, wide-angle 

seated forward bend, head to knee pose, and spinal twist. All postures were non-weight-bearing 

with meditation, relaxation and flexibility being the main focus. New Age music was used during 

each session to help promote relaxation. The sessions began with 5-10 minutes of centering to 

help participants unwind, quiet the mind, and start to draw their attention to their yin yoga 

practice. Each session finished with 4-6 minutes of final relaxation in Savasana (corpse pose). 

Adherence to the training sessions, including those who dropped out of the program, was 

72.0% for FIT and 61.1% for the yin yoga group. Among those who completed the program, 

adherence for the FIT and yin yoga groups was 86.6% and 84.4%, respectively, with no 

difference between the groups. While adherence to the repetitions and sets performed in each 

attended training session was difficult to measure due to the group format, participants were 

instructed to complete all 16 repetitions and perform the high impact exercises for the time 

allotted and inform the instructor if they could not complete the repetitions or set. After class, 

instructors also noted any deviations from the desired repetitions and sets. Based on this 

protocol, participants in the FIT and yin yoga groups adhered to 99.3% and 99.6% of the 

repetitions and sets, respectively.  
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     Table 3. Exercises, Intensity, and Progressions for FIT: Routine 1 
 

Weeks 1 – 8 Weeks 9 – 16 Weeks 17 – 24 

 Exercise Reps/Time Exercise Reps/Time Exercise Reps/Time 

R
o
u
n
d
  
1

 

Lunges 16 
Lunges - front 
foot on step  

16 
Lunges - back 
foot on step 

16 

Squats 16 Jump Squats  
4 squats 

12 jump squats 
Squat Jumps 

4 squats 
16 jump squats 

Lunges 16 
Lunges - front 
foot on step 

16 
Lunges - back 
foot on step 

16 

Skaters 1 minute 
Skis side to 
side 

1 minute 
Skis,  
Power jumps  

30 secs each 

 Repeat 2x 

R
o
u
n
d
  
2

 

Bent over 
rows 

16 
Bent over 
rows 

16 Bent over rows 16 

Up-up-down-
down on step 

1 minute 
Up-up, jump 
down on step 

1 minute 
Up-up-jump 
down 2x, burpee 

1 minute 

Push-ups on 
knees 

16 
Push-ups on 
knees 

16 push-ups on feet 16 

Corner knees  1 minute 
Mountain 
climbers 

1 minute 
Mountain 
climbers 

1 minute 

 Repeat 2x 

R
o
u
n
d
 3

 

Biceps Curls 16 Biceps Curls 16 Biceps curls 16 

Basic on step 1 minute Basic on step 1 minute 
Single leg 
deadlift  

16 each leg 

Triceps 
kickbacks 

16 
Triceps 

kickbacks 
16 

Triceps 
push-ups 

16 

Low impact 
knees  

1 minute Jog in place 1 minute 
High impact 
knees 

1 minute 

 Repeat 2x 

R
o
u
n
d
 4

 

Planks 
(knees) 

30 sec →  

1 minute 
Planks (feet) 

30 sec →  

1 minute 
Planks (feet) 1 minute 

Spinal 
balance 

6 each side Spinal balance 
6 each side 

(knee pull) 
Spinal balance 

10 each side 

(knee pull) 

Crunches/ball 
pass with SB 

8 
Crunches/ball 
pass with SB 

12 
Crunches/ball 
pass with SB 

16 

Hamstrings 
curls with SB 

8→10 
Hamstrings 
curls with SB  

10→12 
Hamstrings 
curls with SB  

12→15 

 Repeat 2x 

  Reps: repetitions. SB: stability ball.  

 Dumbbells were added to the lunges after the first 2 weeks of the program. 

 The step exercises for the first 4 weeks of each 8-week cycle were done with one riser under the step. 

The last 4 weeks of each cycle were done with 2 risers under each step. 
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     Table 4. Exercises, Intensity, and Progressions for FIT: Routine 2 
 Weeks 1 – 8 Weeks 9 – 16 Weeks 17 – 24 

 Exercise Reps/Time Exercise Reps/Time Exercise Reps/Time 

R
o
u
n
d
  
1

 

Lunges 16 
Lunges - front 
foot on step  

16 
Lunges - back foot 
on step 

16 

Squats 16 Squats/Burpees   
4 squats 

12 burpees 
Squats/Burpees 

4 squats 

12 burpees 

Lunges 16 
Lunges - front 
foot on step 

16 
Lunges - back foot 
on step 

16 

Jumping jacks 1 minute Jumping jacks 1 minute Power jumps  1 minute 

 Repeat 2x 

R
o
u
n
d
  
2

 

Upright rows 16 Upright rows 16 Upright rows 16 

Up-up-down-
down on step 

1 minute 
Up-up, jump 
down on step 

1 minute 
Up-up-jump down 
2x, jump squats 2x 

1 minute 

Push-ups on 
knees 

16 
Push-ups on 
knees 

16 push-ups on feet 16 

Over the top 
on step  

1 minute 
Mountain 
climbers 

1 minute Mountain climbers 1 minute 

 Repeat 2x 

R
o
u
n
d
 3

 

Hammer 
Curls 

16 Hammer Curls 16 Hammer Curls 16 

Basic on step 1 minute Basic on step 1 minute Plank jacks  1 minute 

Triceps dips 16 Triceps dips 16 Triceps dips 16 

Low impact 
knees  

1 minute Jog in place 1 minute Shuffles 1 minute 

 Repeat 2x 

R
o
u
n
d
 4

 

Planks 
(knees) 

30 sec →  

1 minute 
Planks (feet) 

30 sec →  

1 minute 
Planks (feet) 1 minute 

Hip lifts with 
SB 

8 
Hip lifts with 
SB 

12 Hip lifts with SB 16 

Crunches/ball 
pass with SB 

8/4 
Crunches/ball 
pass with SB 

12/6 
Crunches/ball pass 
with SB 

16/8 

Hamstrings 
curls with SB 

8→10 
Hamstrings 
curls with SB  

10→12 
Hamstrings curls 
with SB  

12→15 

 Repeat 2x 

  Reps: repetitions. SB: stability ball.  

 Lunges were performed as pulse lunges (3 pulses per lunge). 

 Dumbbells were added to the lunges after the first two weeks of the program. 

 The step exercises for the first 4 weeks of each 8-week cycle were done with one riser under the step. 

The last 4 weeks of each cycle were done with 2 risers under each step. 
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Volume, repetitions, and time for all exercises performed as well as exercise intensity 

measured for the 16 FIT participants who completed the study are shown in Table 5. All FIT 

participants combined completed a total volume (weight x reps x sets) of 40,010 ± 9992 for the 

weighted exercises, 6716 ± 916 repetitions of upper and lower body bodyweight exercises, and 

399.8 ± 53.7 minutes of the high impact timed exercises. The high impact program was well 

tolerated by the participants, with only three participants needing low-impact modifications to 

the squat jumps and jumps off the step. The dumbbells used ranged from 1.4 kg (3 pounds) to 5.5 

kg (12 pounds), with the 3.6 kg (8 pound) and 4.5 kg (10 pound) weights being used most 

frequently throughout the sessions with a percentage use of 44.7% and 22.6%, respectively. The 

remaining dumbbell weights used were 1.4 kg (0.7%), 2.3 kg (21.0%), 2.7 kg (1.5%), 3.2 kg 

(0.3%), 4.1 kg (3.1%), and 5.5 kg (6.2%). Intensity was measured through RPE (0-10 scale) that 

was assessed after the end of each session and heart rate measurements, which were taken during 

a training session once every 4-5 weeks via the Fitbit. Average RPE for the 24-week program 

was 7.2 ± 0.7 for both the intent to treat analysis and for the 16 participants who completed the 

program. For both analyses, average RPE increased over time with a significant difference 

between the first and second 8-week cycles and the first and third 8-week cycles. For the heart 

rate measurements, the maximum heart rate reached during the training session and average heart 

rates throughout the session were recorded. Maximum and average heart rates did not change 

over the course of each 8-week cycle, with a mean maximum heart rate of 150 ± 12 BPM (93.6 ± 

8.4% of age-predicted maximum heart rate (APMHR)) and average heart rate of 116 ± 11 BPM 

(72.5 ± 7.4% of APMHR) for participants in the intent to treat analysis. Results were similar for 

those who completed the program with a mean maximum and average heart rate of 150 ± 13 

BPM (93.1 ± 8.8% of APMHR) and 115 ± 10 BPM (71.8 ± 6.9% of APMHR), respectively.  
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Table 5. Training Volume and Intensity (Participants Who Completed the Study: N=32) 

Variables for FIT 

(n=16) 
Weeks 1 – 8 Weeks 9 – 16 Weeks 17 – 25 All 24 weeks 

Weighted Exercises 
Volume 

(wt x reps x sets) 
Volume 

(wt x reps x sets) 
Volume 

(wt x reps x sets) 
Total Volume 

(wt x reps x sets) 

Lunges (R&L) 4,175 ± 1276 6,840 ± 2,181 7,418 ± 2,054 18,433 ± 4,779 

Upright/bent over rows 2,725 ± 599 3,369 ± 1,076 3,640 ± 1,043 9,735 ± 2,328 

Biceps/Hammer curls 2,653 ± 664 3,156 ± 1,048 3,178 ± 917 8,987 ± 2,363 

Triceps kickback 1,325 ± 329 1,529 ± 497 0 2,855 ± 2,855 

Body Weight Exercises Reps Reps Reps Total Reps 

Lunges (R&L) 100 ±121 860 ± 182  897 ± 169 2656 ±359 

Squats 450 ± 60 200 ± 125 175 ± 141 825 ± 283 

Jump squats/burpees 0 230 ± 127 368 ± 192 598 ± 314 

Push-ups 449 ± 61 430 ± 91 444 ± 85 1323 ± 177 

Triceps push-up/dips 222 ± 29 216 ± 52 443 ± 83 881 ± 128 

Single leg deadlift (R&L)  0 0 432 ± 95 432 ± 95 

Timed Exercises Time (min) Time (min) Time (min) Total time (min) 

Skaters 14.3 ± 2.0 0 0 14.3 ± 2.0 

Skis 0 13.4 ± 2.8 7.2 ± 1.2 20.5 ± 3.4 

Power jacks 0 0 20.9 ± 4.1 20.9 ± 4.1 

Up-up-down-down  
(all variations) 

28.1 ± 3.8 26.9 ± 5.7 27.9 ± 5.3 82.9 ± 11.2 

Corner knees/over the top 28.1 ± 3.8 0 0 28.1 ± 3.8 

Mountain climbers/    
plank jacks 

0 26.9 ± 5.7 41.2 ± 8.2 68.1 ± 11.3 

Basic step 28.1 ± 3.8 26.9 ± 5.7 0 55.0 ± 8.4 

Low/high impact 
knees/jog/shuffles 

28.1 ± 3.8 26.9 ± 5.7 27.7 ± 5.2 82.7 ± 11.0 

Jumping jacks 13.9 ± 1.9 13.5 ± 3.2 0 27.4 ± 4.5 

Intensity Measures for FIT (n=16) 

RPE 6.9 ± 0.8 7.3 ± 0.7† 7.4 ± 0.7† 7.2 ± 0.7 

Maximum HR (BPM) 152 ± 16 150 ± 15 148 ± 15 150 ± 13 

Average HR (BPM) 118 ± 12 114 ± 12 115 ± 13 115 ± 10 

Intensity Measures for Yin Yoga (n=16) 

RPE 4.5 ± 1.0* 4.2 ± 01.1*† 4.1 ± 1.3*† 4.2 ± 1.2* 

FIT: functional impact training; wt: weight; reps: repetition; R&L; right & left; RPE: rate of perceived 

exertion; HR: heart rate 

*p < 0.05, significantly different from FIT 

†p < 0.05, significantly different from weeks 1-8 within the group 

 

 

Volume was not calculated for the yin yoga group since the exercises were non-weight-

bearing, supported by props, only performed once per session, and held for an extended period of 

time. Intensity was assessed after each session using the RPE scale. The mean RPE decreased 
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over time in both analyses from 4.5 ± 1.0 (for completers: 4.5 ± 1.1) during the first 8-week 

cycle, to 4.2 ± 1.1 (for completers: 4.1 ± 1.2) during the second 8-week cycle, and 4.1 ± 1.3 (for 

completers: 4.0 ± 1.3) during the last 8-week cycle. There was a significant difference between 

the mean RPE for the first 8-week cycle and the second 8-week cycle and between the first and 

third 8-week cycle. Mean RPE for the yin yoga group (4.2 ± 1.2) was significantly less than the 

RPE for FIT (7.2 ± 0.7). 

 

Body Composition 

 

 Anthropometric and body composition measures in the FIT and yin yoga groups at 

baseline, 12 weeks, and 24 weeks for all 44 participants are shown in Table 6. There were no 

differences between the FIT and yin yoga group at baseline in any anthropometric or body 

composition measures including body weight, BMI, waist and hip circumferences, lean mass, fat 

mass, body fat percentage, and ASMI. Only two participants (both from the yin yoga group) had 

an ASMI under the threshold of 5.45 kg/m
2
, classifying them as sarcopenic. Twenty-three 

participants (FIT: n=13; Yoga: n=10) had a waist circumference that was 88 cm or greater, 

classifying them as high risk for cardiovascular disease.  

There were no significant group by time interactions or main effects for any of the 

anthropometric or body composition measures in the intent to treat analysis. The two participants 

who had been classified as sarcopenic at baseline were classified as sarcopenic after 24 weeks as 

well. Average weight loss in the FIT over the course of the 24-week program was 0.5 kg (-0.6%) 

while the yin yoga group lost 0.3 kg (-0.4%). Average 24-week changes in waist circumference 

in the FIT and yoga groups were -0.8 cm (-0.9%) and -0.4 cm (-0.5%). Twenty-two participants 

had a waist circumference of 88 cm or greater at 24 weeks. One participant from the FIT group 

had an increase in waist circumference from below 88 cm (87.7 cm) to above 88 cm (89.4 cm) 
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while another participant from the FIT group reduced waist circumference from 92.2 cm to 82.5 

cm. One participant from the yin yoga group had a decrease in waist circumference from 90.4 cm 

to 85.3 cm.  

 

 

Table 6. Body Composition Measures in the FIT and Yin Yoga Groups (Intent to Treat: N=44) 

 FIT (n=21) Yin Yoga (n=23) 

Variable Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 

Weight (kg) 80.6 ± 13.2 80.7 ± 13.7 80.1 ± 13.5 77.7 ± 22.6 77.7 ± 21.7 77.4 ± 21.6 

BMI 

(kg/m
2
) 

29.8 ± 4.7 29.9 ± 5.0 29.7 ± 5.0 29.4 ± 8.2 29.4 ± 7.8 29.2 ± 7.8 

Waist (cm) 90.7 ± 12.1 91.1 ± 12.6 89.9 ± 11.7 87.9 ± 15.0 87.9 ± 14.4 87.5 ± 14.3 

Hips (cm) 113.8 ± 9.8 113.7 ± 10.5 113.2 ± 10.0 110.6 ± 14.1 110.5  ±14.0 110.5 ±13.8 

Total lean 

mass (kg) 
42.74 ± 5.65 43.33 ± 5.67 43.06 ± 5.60 40.41 ± 8.31 40.42 ± 8.47 40.49 ± 8.33 

Arm lean 

mass (kg) 
4.65 ± 0.92 4.67 ± 0.99 4.70 ± 0.80 4.19 ± 1.15 4.18 ± 0.92 4.14 ± 0.91 

Leg lean 

mass (kg) 
14.7 ± 2.4 14.98 ± 2.41 14.98 ± 2.37 13.86 ± 3.80 13.95 ± 3.97 13.70 ± 2.89 

Fat mass 

(kg) 
34.78 ± 9.35 34.37 ± 9.52 34.04 ± 9.62 34.13 ± 13.96 34.71 ± 13.90 34.43 ± 14.05 

BF (%) 44.1 ± 7.6 43.3 ± 8.4 43.2 ± 8.4 44.7 ± 6.3 44.7 ± 6.2 44.4 ± 6.4 

Android BF 

(%) 
48.2 ± 11.4 47.3 ± 12.7 47.1 ± 12.3 47.6 ± 8.6 47.5 ± 8.2 47.2 ± 8.6 

Gynoid BF 

(%) 
46.9 ± 7.4 46.2 ± 8.1 46.0 ± 8.7 48.5 ± 5.4 48.6 ± 5.7 48.3 ± 5.8 

ASMI 

(kg/m2) 
7.15 ± 1.00 7.26 ± 1.05 7.27 ± 1.04 6.82 ± 1.77 6.85 ± 1.70 6.74 ± 1.23 

Values are means ± standard deviations. FIT: Functional impact training. BMI: Body mass 

index; BF: body fat; ASMI: appendicular skeletal muscle index  

 

 

Lean mass in the FIT group increased by 0.59 kg (+1.4%) (p=0.046 for paired t-test, but 

not significant for Bonferoni adjustment) between baseline and week 12, and then decreased by 

0.27 kg (-0.6%) from week 12 to week 24. Therefore, the total gain in lean mass from baseline to 

the end of the 24-week FIT intervention was 0.32 kg (+0.7%). Lean mass in the yin yoga group 
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was consistent over time with a 0.01 kg increase within the first 12 weeks, and 0.07 kg increase 

over the last 12 weeks, for a total gain of 0.08 kg (+0.2%). Fat mass in the FIT group increased 

by 0.2 kg (+0.6%) between baseline and the 12-week assessment and then decreased by 0.33 kg 

(-1.0%) between week 12 and 24 for a total loss of 0.13 kg (-0.4%) over the 24-week 

intervention. Fat mass in the yin yoga group increased by 0.58 kg (+1.7%) from baseline to week 

12 and then decreased by 0.28 kg (-0.8%) over the next 12 weeks for a total gain in fat mass of 

0.3 kg (+0.9%). 

In the secondary analysis for those participants who completed the 24-week study, results 

were similar to the intent-to-treat analysis. There were no differences in baseline body 

composition measures and no group by time interactions or time effects. While not statistically 

significant, the FIT group gained 0.66 kg in lean mass between baseline and the 12-week 

assessment compared to 0.02 kg in the yin yoga group. By the 24-week assessment, lean mass in 

the FIT group declined by 0.34 kg, resulting in a total gain of 0.31 kg (0.7%) in lean mass. The 

yin yoga group gained a mean of 0.10 kg, giving them a net gain of 0.12 kg (0.3%).  

 

Bone Mineral Density 

 

There were no differences in baseline total and regional (spine, hip, and forearm) BMD 

measurements between the two groups (Table 7). At baseline, 81.8% of participants were 

classified as having normal total BMD, with 18.2% classified as osteopenic (T score between -

1.0 and -2.4). For regional BMD measurements, 34.1% of participants were classified as 

osteopenic and 11.4% as osteoporotic (T score ≥ -2.5) at the lumbar spine and 54.5% as 

osteopenic and 9.1% as osteoporotic at the femoral neck. Five participants in the yin yoga group 

were osteopenic for total BMD while 9 and 4 were osteopenic and osteoporotic at the lumbar 

spine, respectively. Fourteen participants were osteopenic and 3 participants fell into the 
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osteoporotic category for femoral neck BMD.  Three participants in the FIT group were 

osteopenic for total BMD. Six participants in the FIT group were osteopenic at the lumbar spine 

and one was osteoporotic. Ten FIT participants were osteopenic and one was osteoporotic at the 

femoral neck. After the 24-week intervention, the number of yin yoga participants classified as 

normal, osteopenic, and osteoporotic for total and femoral neck BMD measurements did not 

change. One participant moved from the osteopenic to the normal category for lumbar spine 

BMD. One participant in the FIT group improved total BMD from the osteopenia category to 

normal; however, one participant moved from normal to osteopenic at both the lumbar spine and 

femoral neck measurements. 

There were no significant group by time interactions for any of the BMD measures. 

Total, lumbar spine, right femoral neck, right and left total femur, and right forearm BMD were 

maintained over the course of the 24-week study. There was a main time effect in the left 

femoral neck (F(1, 42) = 5.609, p < 0.05, partial η
2
 = 0.118) and left forearm measurements (left 

radius: F(1, 42) = 5.586, p < 0.05, partial η
2
 = 0.117; left ulna: F(1, 42) = 6.077, p < 0.05, partial 

η
2
 = 0.126; total left forearm: F(1, 42) = 8.188, p < 0.05, partial η

2
 = 0.163). The mean BMD at 

the femoral neck, left radius, left ulna, and left total forearm for all participants significantly 

decreased from baseline to the 24-week assessment by 1.4%, 1.3%, 2.4%, and 1.7%, 

respectively. Within the FIT group, the left radius and total forearm significantly decreased. 

There were no significant changes from baseline to the 24-week assessment within the yin yoga 

group. The left ulna and left femoral neck did not significantly decrease within each group, thus 

only the time effect including all participants resulted in a significant decrease in those measures. 
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Table 7. Bone Mineral Density Measures in FIT and Yin Yoga Groups (Intent to Treat: N=44) 
 FIT (n=21) Yin Yoga (n=23) 

BMD 
(g/cm

2
) 

Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 

Total BMD  1.095 ± 0.100 1.096 ± 0.103 1.094 ± 0.097 1.083 ± 0.151 1.087 ± 0.154 1.089 ± 0.153 

Lumbar 
Spine   

1.153 ± 0.202 ⸺ 1.155 ± 0.199 1.066 ± 0.165 ⸺ 1.071 ± 0.162 

Right 
femoral neck  

0.911 ± 0.134 ⸺ 0.897 ± 0.118 0.853 ± 0.141 ⸺ 0.847 ± 0.142 

Right total 
femur  

0.929 ± 0.140 ⸺ 0.933 ± 0.136 0.892 ± 0.161 ⸺ 0.893 ± 0.165 

Left femoral 
neck** 

0.899 ± 0.130 ⸺ 0.881 ± 0.124 0.868 ± 0.146 ⸺ 0.860 ± 0.139 

Left total 
femur  

0.943 ± 0.126 ⸺ 0.936 ± 0.127 0.901 ± 0.153 ⸺ 0.899 ± 0.155 

Right radius  0.477 ± 0.070 ⸺ 0.478 ± 0.061 0.488 ± 0.083 ⸺ 0.484 ± 0.078 

Right ulna  0.447 ± 0.071 ⸺ 0.446 ± 0.061 0.468 ± 0.085 ⸺ 0.464 ± 0.080 

Total right 
forearm  

0.464 ± 0.069 ⸺ 0.464 ± 0.060 0.480 ± 0.082 ⸺ 0.475 ± 0.078 

Left radius** 0.476 ± 0.073 ⸺ 0.466 ± 0.065† 0.481 ± 0.084 ⸺ 0.477 ± 0.080 

Left ulna** 0.440 ± 0.073 ⸺ 0.433 ± 0.065 0.452 ± 0.088 ⸺ 0.439 ± 0.072 

Total left 
forearm** 

0.461 ± 0.071 ⸺ 0.453 ± 0.062† 0.469 ± 0.084 ⸺ 0.461 ± 0.075 

Values are means ± standard deviations.  
FIT: Functional impact training; BMD: bone mineral density  

** p < 0.05, significant main time effect 

†p < 0.05, significantly different from baseline within the group 

 

 

 

The secondary analysis with participants who completed the study yielded the same 

BMD results as the intent to treat analysis. There were no baseline differences between groups 

and no group by time interactions for any measures of BMD. There was a significant time effect 

for left femoral neck (F(1, 30) = 5.602, p < 0.05, partial η
2
 = .157), left radius (F(1, 30) = 5.579, 

p < 0.05, partial η
2
 = 0.157), left ulna (F(1, 30) = 6.561, p < 0.05, partial η

2
 = 0.179), and total 

left forearm (F(1, 30) = 8.659, p < 0.05, partial η
2
 = 0.224). The femoral neck BMD declined by 

1.4%. The left radius, left ulna, and left total forearm declined by 1.4%, 0.9%, and 1.1%, 

respectively.  
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Blood Biomarkers for Bone Metabolism 

 

 Blood biomarkers for bone metabolism (TRAP-5b and BAP) were analyzed on only the 

participants who completed the study and provided blood for the analysis (Table 8). Blood 

samples were obtained from 27 (14 from FIT and 13 from yin yoga) of the 32 participants who 

completed the study. Of the 5 participants who did not provide a blood sample, 3 participants 

declined the blood draw and 1 participant did not come to the testing appointments fasted. 

Researchers were unable to obtain blood from the final participant. 

 Both blood biomarkers were measured using ELISA. Each sample was analyzed in 

duplicate, with the average of the duplicate samples used as the final value. The intra-assay 

coefficient of variance (CV) (standards, controls, and samples) for TRAP-5b ranged from 0.00% 

to 9.69%, with a mean of 2.24%. The inter-assay CV for TRAP-5b was 1.72%. The intra-assay 

CV (standards, controls, and samples) for BAP ranged from 0.03% to 6.78% with a mean of 

2.07%. The inter-assay CV for BAP was 3.49%. 

Baseline TRAP-5b values (marker of bone resorption) ranged from 0.5 U/L to 5.4 U/L 

with a mean of 2.4 U/L, which is below the average of 4.3 ± 1.5 U/L for postmenopausal women 

provided by the ELISA manufacturer (Quidel Corporation, USA). Baseline BAP values (marker 

of bone formation) ranged from 8.36 U/L to 44.37 U/L with a mean of 20.5 U/L. The mean for 

BAP was slightly lower than mean values for postmenopausal women aged 50-59 (24.8 U/L) or 

60-69 (25.7 U/L) (Quidel Corporation, USA). 

Baseline TRAP-5b and BAP values did not differ between the two groups (Table 8). 

There were no time effects or group by time interactions at any of the time points for either 

TRAP-5b or BAP. Results from Pearson product-moment correlations showed no relationship 

between both TRAP-5b and BAP and any baseline total or regional BMD measures, age, 
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menopausal age, time since diagnosis, time since treatment completion, or physical activity 

(steps/day). 

 

 

Table 8. Blood Markers for Bone Metabolism (N=27) 

 FIT (n=14) Yin Yoga (n=13) 

Variable Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 

TRAP-5b (U/L) 2.3 ± 1.2 2.0 ± 1.0 2.4 ± 0.9 2.6 ± 1.6 2.6 ± 1.5 2.6 ± 1.3 

BAP (U/L) 21.0 ± 9.5 18.9 ± 6.5 20.4 ± 5.8 20.0 ± 7.9 21.1 ± 7.5 20.9 ± 6.3 

Values are means ± standard deviations. FIT: functional impact training; TRAP-5b: Tartrate-

resistant acid phosphatase 5b; BAP: Bone-specific alkaline phosphatase 

 

 

 

Strength Measures 

 

 Lower body (isokinetic and isometric knee extension and flexion) and upper body (1RM 

chest press) strength measures are shown in Table 9. Baseline peak torque measures for 120
o
/sec 

and 180
o
/sec knee extension and flexion were significantly different between the two groups. 

Baseline 60
o
/sec knee extension and flexion differences were approaching significance (knee 

extension: p=0.052; knee flexion: p=0.061). There was no difference in baseline peak torque 

between the FIT and yin yoga groups for isometric knee extension and flexion. When the 

isokinetic peak torque values were normalized to body weight (peak torque/kg) to create a 

relative peak torque ratio, differences between the baseline isokinetic measures no longer 

existed. Baseline absolute 1RM chest press measures and relative chest values (normalized for 

body weight) were significantly different between the two groups. 

 There were no group by time interactions for any of the lower body strength measures. 

There were significant main time effects for leg extension at 60
o
/sec (F(2, 84) = 9.438, p < 

0.001, partial η
2
 = 0.183), 120

o
/sec (F(2, 84) = 9.706, p < 0.001, partial η

2
 = 0.188), and 180

o
/sec 
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(F(2, 84) = 8.574, p < 0.001, partial η
2
 = 0.170), with all values increasing from the baseline 

measures. There were also significant main time effects for leg flexion at 60
o
/sec (F(2, 84) = 

15.342, p < 0.001, partial η
2
 = 0.268), 120

o
/sec (F(2, 84) = 9.108, p < 0.001, partial η

2
 = 0.178), 

and 180
o
/sec (F(2, 84) = 7.192, p = 0.001, partial η

2
 = 0.146), with all values increasing from 

baseline. Relative isokinetic measures followed the same pattern as the absolute measures with 

main time effects in leg extension and flexion at 60
o
/sec, 120

o
/sec, and 180

o
/sec. There was a 

main time effect for isometric flexion (F(2, 84) = 10.639, p <0.001, partial η
2
 = 0.212), but not 

isometric extension values. Within the yin yoga group, isokinetic leg extension and flexion at 

60
o
/sec significantly increased between baseline and the 24-week assessment. There were no 

significant differences between baseline and the 12-week and 24-week measures at 120
o
/sec and 

180
o
/sec or for the isometric measurements within the yin yoga group. Within the FIT group, 

there were significant increases between baseline and the 24-week measures for leg extension 

and flexion at all isokinetic speeds except for leg extension at 60
o
/sec (p=0.054). There was also 

an increase between baseline and 24-weeks for isometric leg flexion.  

 Percent improvements for each lower body strength measure was similar between both 

groups. The range of improvement for isokinetic measures at 60
o
/sec, 120

o
/sec, and 180

o
/sec for 

the FIT group was between 12.1% and 15.8% with a mean percentage improvement among all 

the isokinetic strength measures of 13.7%. Percentage improvements in the yin yoga group 

ranged from 12.4% to 20.0% with a mean improvement among all measures of 15.6%. Mean 

improvement in isometric flexion for FIT was 10.5% while the yin yoga group experienced a 

4.3% increase. 
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Table 9. Strength Measures in FIT and Yin Yoga Groups (Intent to Treat: N=44) 

 FIT (n=21) Yin Yoga (n=23) 

Variable Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 
60o/sec Ext 
(nm)**   

100.6 ± 28.8 106.4 ± 33.0 112.2 ± 36.8 83.4 ± 28.1¥ 90.5 ± 27.1 93.2 ± 28.6† 

Relative 
60o/sec Ext 
(nm/kg)** 

1.27 ± 0.33 1.33 ± 0.39 1.42 ± 0.42 1.12 ± 0.38 1.22 ± 0.38 1.27 ± 0.40† 

60o/sec Flex 
(nm)** 

49.3 ± 12.9 51.5 ± 13.5 55.3 ± 13.8 41.7 ± 13.1 45.9 ± 12.9 47.4 ± 13.8† 

Relative 
60o/sec Flex 
(nm/kg) ** 

0.63 ± 0.21 0.65 ± 0.20 0.71 ± 0.21 0.56 ± 0.17 0.61 ± 0.16 0.64 ± 0.19† 

120o/sec Ext 
(nm)** 

81.2 ± 23.4 87.9 ± 24.4 90.6 ± 29.1† 67.8 ± 20.5* 72.2 ± 22.1 75.3 ± 23.8 

Relative 
120o/sec Ext 
(nm/kg)** 

1.03 ± 0.29 1.11 ± 0.31 1.15 ± 0.33† 0.91 ± 0.29 0.97 ± 0.29 1.02 ± 0.33 

120o/sec Flex 
(nm)** 

44.1 ± 11.5 47.7 ± 14.2 49.7 ± 11.7† 35.8 ± 10.7* 37.3 ± 12.8 40.9 ± 15.0 

Relative 
120o/sec Flex 
(nm/kg)** 

0.56 ± 0.17 0.60 ± 0.18 0.63 ± 0.16† 0.49 ± 0.16 0.50 ± 0.17 0.55 ± 0.18 

180o/sec Ext 
(nm) ** 

69.7 ± 16.7 75.3 ± 20.3 77.9 ± 23.0† 58.5 ± 18.4* 61.7 ± 19.1 64.0 ± 20.6 

Relative 
180o/sec Ext 
(nm/kg) ** 

0.88 ± 0.21 0.95 ± 0.25 0.99 ± 0.28† 0.78 ± 0.24 0.82 ± 0.25 0.87 ± 0.27 

180o/sec Flex 
(nm) ** 

44.1 ± 12.4* 49.0 ± 15.3 49.8 ± 12.9† 33.9 ± 12.3* 36.7 ± 14.4 39.5 ± 16.9 

Relative 
180o/sec Flex 
(nm/kg) ** 

56.7 ± 20.0 61.8 ± 20.0 63.5 ± 18.0† 46.4 ± 18.7 49.7 ±19.6 53.1 ± 19.8 

Isometric 
Peak Ext (nm) 

121.0 ± 38.4 119.1 ± 40.9 128.4 ± 43.6 107.4 ± 30.7 105.1 ± 28.6 105.3 ± 29.2 

Isometric 
Peak Flex 
(nm)** 

70.6 ± 16.1 71.5 ± 18.2 77.1 ± 15.8† 65.8 ± 14.7 66.4 ± 13.9 72.5 ± 15.6 

1RM (kg) ** 73.2 ± 18.1 80.5 ± 20.0†# 83.2 ± 22.3†# 59.8 ± 14.8* 58.7 ± 16.0# 59.3 ± 15.6# 

Relative 1RM 
(kg/kg)** 

2.0 ± 0.5 2.2 ± 0.6†# 2.3 ± 0.6†# 1.7 ± 0.4* 1.7 ± 0.4# 1.7 ± 0.4# 

Values are means ± standard deviations. FIT: functional impact training; Ext: extension; Flex: flexion; 1RM: 
one-repetition maximum 

*p < 0.05, significant between groups at baseline 

**p < 0.05, significant main time effect 

†p < 0.05, significantly different from baseline within the group 
#p < 0.05, significantly different between groups over time 

¥p < 0.05, significant between groups at baseline (p=0.052) 

 

 

There was both a main time effect (F(2, 84) = 6.088, p < 0.001, partial η
2
 = 0.202) and 

group by time interaction (F(2, 84) = 14.006, p < 0.001, partial η
2
 = 0.250) for the 1RM chest 
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press. An analysis with relative 1RM values showed the same results. While there was a main 

time effect, with the mean 1RM values increasing by 4.8 kg between baseline and the 24-week 

assessment, 1RM values for the yin yoga group decreased from 59.8 ± 14.8 to 59.3 ± 15.6 kg 

(0.8% decrease) while the FIT group increased from 73.2 ± 18.1 to 83.2 ± 22.3 kg (13.7% 

increase). Therefore, the group by time interaction showed that the FIT group increased 1RM 

chest press scores over time compared to the yin yoga group. For the yin yoga group, the 1RM 

value was not significantly different at any of the time points within the group. For the FIT 

group, the 1RM value significantly increased from baseline to the 12-week assessment and from 

baseline to the 24-week assessment. For the secondary analysis of participants who completed 

the study, there were no differences in baseline strength measurements between groups except 

for 1RM values. Changes over time were the same as the intent to treat analysis with significant 

main time effects in leg extension and flexion at 60
o
/sec, 120

o
/sec, and 180

o
/sec as well as 

isometric leg flexion. There were no group by time interactions in lower body strength measures. 

There was a main time effect and group by time interaction for 1RM chest press values. The 

1RM values were not different at any of the time points within the yin yoga group. For the FIT 

group, the 1RM values significantly increased from the baseline assessment to both the 12-week 

and 24-week assessments. 

 

Physical Function 

 

 Table 10 shows physical function scores and sit-to-stand power scores. There were 

baseline differences in total physical function scores as well as the lower body strength, 

endurance, and balance domains. Upper body strength and upper body flexibility were not 

different between groups at baseline. Eight participants (FIT: n=2; yin yoga: n=6) had a total 

physical function score below 57 U, classifying them as having impaired physical function. Of 
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those with impaired physical function at baseline, six completed the study (FIT: n=1; yin yoga: 

n=6). One participant from the FIT group and 4 participants from the yin yoga group increased 

their total physical function to above the 57 U threshold by the 24-week assessment. One 

participant from the yin yoga group who had normal physical function at baseline dropped below 

57 U by the 24-week assessment.  

 There was a main time effect for total physical function (F(2, 84) = 18.045, p < 0.001, 

partial η
2
 = 0.301) and the domains for upper body strength (F(2, 84) = 9.601, p < 0.001, partial 

η
2
 = 0.186), lower body strength (F(2, 84) = 9.601, p < 0.001, partial η

2
 = 0.186), balance (F(2, 

84) = 14.502, p < 0.001, partial η
2
 = 0.257), and endurance (F(2, 84) = 14.926, p < 0.001, partial 

η
2
 = 0.262), with all scores improving over time. Pairwise comparisons showed that the time 

effect was significant for each of those variables between baseline and the 12-week assessment 

and between baseline and the 24-week assessment. There was a significant group by time 

interaction for upper body strength (F(2, 84) = 3.577, p < 0.05, partial η
2
 = 0.078), with the FIT 

group improving to a greater extent than the yin yoga group. There was no main time effect or 

group by time interaction for upper body flexibility. 

 The percent improvement in total physical function was 9.1% for the FIT group and 5.6% 

for the yin yoga group over the 24-week program. Percent change in upper body strength was 

11.6% and 3.0% for FIT and yin yoga, respectively. Lower body strength improved in FIT by 

13.8% while the yin yoga group improved by 7.8%. Endurance changes were similar in both 

groups with an improvement of 7.3% and 6.5% in the FIT and yin yoga groups, respectively. 

Finally, balance improved by 7.9% in the FIT group and by 7.0% in the yin yoga group.  

 There were no significant differences between baseline and the 12-week and 24-week 

measures for total physical function or any of the physical function domains within the yin yoga 
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group. Within the FIT group, there were significant increases between baseline and the 12-week 

and 24-week measures for total physical function, upper body strength, lower body strength, 

balance, and endurance.  

 

 

Table 10. Physical Function in FIT and Yin Yoga Groups (Intent to Treat: N=44) 

 FIT (n=21) Yin Yoga (n=23) 

CS-PFP 

Score 
Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 

Total CS-PFP 

Score (U)**   
73.6 ± 11.4 78.4 ± 11.1† 80.3 ± 10.4† 63.8 ± 12.5* 66.9 ± 11.5 67.6 ± 11.5 

Upper Body 

Strength (U)** 
72.2 ± 11.9 77.8 ± 10.4† 80.6 ± 12.5†# 66.5 ± 12.7 68.1 ± 11.6 68.5 ± 12.0# 

Lower Body 

Strength (U)** 
66.6 ± 14.1 73.2 ± 13.0† 75.8 ± 12.7† 56.4 ± 14.9* 59.9 ± 14.0 60.8 ± 13.6 

Upper Body 

Flexibility (U) 
79.4 ± 7.2 80.8 ± 7.8 81.8 ± 6.4 75.5 ± 7.7 76.5 ± 8.7 74.9 ± 8.7 

Endurance 

(U)** 
76.3 ± 11.8 80.3 ± 12.1† 81.9 ± 11.1† 65.1 ± 13.5* 68.4 ± 12.7 69.3 ± 12.5 

Balance (U)** 75.5 ± 12.0 79.9 ± 12.0† 81.5 ± 11.1† 64.5 ± 13.9* 68.1 ± 12.8 69.0 ± 12.6 

Sit-to-stand  Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 

Avg power 

(w) 
454 ± 97 466 ± 108 465 ± 108 397 ± 109 405 ± 101 409 ± 108 

Avg velocity 

(m/s) 
0.58 ± 0.14 0.59 ± 0.14 0.59 ± 0.14 0.53 ± 0.13 0.54 ± 0.11 0.55 ± 0.12 

Peak power 

(w)** 
730 ± 178 796 ± 202† 770 ± 183† 673 ± 223 704 ± 240 679 ± 207 

Peak velocity 

(m/s)** 
0.94 ± 0.24 1.01 ± 0.26† 0.99 ± 0.26† 0.90 ± 0.21 0.92 ± 0.19 0.91 ± 0.20 

Values are means ± standard deviations. FIT: functional impact training; CS-PFP: continuous scale-physical 

functional performance; Ext: extension; Flex: flexion; 1RM: one-repetition maximum; Avg: average 

*p < 0.05, significant between groups at baseline 

**p < 0.05, significant main time effect 

†p < 0.05, significantly different from baseline within the group 

#p < 0.05, significantly different between groups over time 

 

 

There were no differences in baseline sit-to-stand measurements, measured via the Tendo 

power analyzer. There were no significant main time effects or group by time interactions for 

average power or average velocity. There was a significant time effect for peak power (F(2, 84) 

= 6.435, p < 0.05, partial η
2
 = 0.133) and peak velocity (F(2, 84) = 5.767, p < 0.05, partial η

2
 = 

0.121). Differences were observed between baseline and the 12-week assessment and between 



120 

baseline and the 24-week assessment. Within the yin yoga group, there were no significant 

differences between baseline and the 12-week and 24-week measures for peak power and peak 

velocity. Within the FIT group, there were significant increases between baseline and the 12-

week and 24-week measures for both peak power and peak velocity. 

Results for the secondary analysis of participants who completed the study were similar 

to the intent to treat analysis. There was a main time effect for total physical function and the 

domains for upper body strength, lower body strength, balance, and endurance. In contrast to the 

intent to treat, where a group by time interaction was observed for upper body strength, the group 

by time interaction for the secondary analysis for upper body strength was approaching 

significance (p = 0.06). 

 

Quality of Life and Fatigue 

 

 Quality of life scores assessed via the SF-36 are shown in Table 11. For all domains, the 

higher score indicates a higher QOL. There were no significant differences between the groups 

in baseline measurements for any domain of QOL. There were significant time effects in 7 of the 

8 domains of the SF-36: physical function (F(2, 84) = 7.165, p < 0.05, partial η
2
 = 0.146), role 

limitations due to physical health (F(2, 84) = 9.935, p < 0.05, partial η
2
 = 0.191), role limitations 

due to emotional problems (F(2, 84) = 6.552, p < 0.05, partial η
2
 = 0.135), energy/fatigue (F(2, 

84) = 10.064, p < 0.001, partial η
2
 = 0.193), emotional wellbeing (F(2, 84) = 17.738, p < 0.001, 

partial η
2
 = 0.297), social functioning (F(2, 84) = 3.657, p < 0.05, partial η

2
 = 0.080), and general 

health (F(2, 84) = 11.747, p < 0.001, partial η
2
 = 0.219). All 7 domains improved from baseline 

to the 12-week and 24-week assessment, except for social functioning, which only improved 

from baseline to the 24-week assessment. There was no time effect for the domain for pain. 

There were no significant group by time interactions for any of the 8 domains. 
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 Within the FIT group, there were significant improvements in QOL scores between 

baseline and the 12-week assessment for role limitations due to physical health, emotional well-

being, and general health domains. There were significant improvements between baseline and 

the 24-week assessment for energy/fatigue, emotional wellbeing, social functioning, and general 

health. Within the yin yoga group, there were significant improvements in QOL scores between 

baseline and the 12-week assessment for emotional wellbeing and the general health domains. 

There were significant improvements between baseline and the 24-week assessment for 

energy/fatigue, emotional wellbeing, and general health.  

 The secondary analysis yielded the same results with at time effect for physical function, 

role limitations due to physical health, role limitations due to emotional problems, 

energy/fatigue, emotional wellbeing, social functioning, and general health. There was no time 

effect for the domain for pain and there were no group by time effects for any of the SF-36 

domains for QOL. 

 Results from the cancer-specific QOL and fatigue questionnaires (FACT-B and FACIT-

F) were similar to the SF-36 outcomes (Table 12). For total and domain scores, the higher score 

indicates a higher QOL. There were no baseline differences between the groups in FACT-B and 

FACIT-F total or domain scores. For total scores, there was a significant main time effect for the 

breast cancer subscale (F(2, 84) = 8.568, p < 0.05, partial η
2
 = 0.169), FACT-B trial outcome 

index (TOI) (F(2, 84) = 10.568, p < 0.001, partial η
2
 = 0.201), FACIT-F TOI (F(2, 84) = 10.276, 

p < 0.001, partial η
2
 = 0.197), FACT-G (F(2, 84) = 9.649, p < 0.05, partial η

2
 = 0.187), total 

FACT-B (F(2, 84) = 12.202, p < 0.001, partial η
2
 = 0.225), and total FACIT-F scores (F(2, 84) = 

11.879, p < 0.001, partial η
2
 = 0.220). There was a significant main time effect in domain scores 

for physical wellbeing (F(2, 84) = 7.063, p < 0.05, partial η
2
 = 0.144), social wellbeing (F(2, 84) 
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= 3.768, p < 0.05, partial η
2
 = 0.082), functional wellbeing (F(2, 84) = 4.257, p < 0.05, partial η

2
 

= 0.092), and fatigue (F(2, 84) = 9.748, p < 0.001, partial η
2
 = 0.188). There was no main time 

effect for the emotional wellbeing domain. There were no group by time interactions for any 

FACT-B or FACIT-F measures. 

 Pairwise comparisons showed that scores for the breast cancer subscale, fatigue, FACT-B 

TOI, total FACT-B, and total FACIT-F improved between baseline and the 12-week assessment 

as well as between baseline and the 24-week assessment. Physical wellbeing, FACT-G total, 

FACIT-F TOI, and FACIT-F total scores significantly improved between baseline and the 12-

week assessment and between the 12-week and 24-weeek assessment. Functional wellbeing only 

improved between baseline and the 24-week assessment. While there was a significant main time 

effect for social wellbeing, pairwise comparisons did not result in any significant differences 

between baseline and the other two assessment time points, most likely due to the conservative 

nature of the Bonferroni post-hoc test. 

 Within the FIT group, there were significant improvements between baseline and both 

the 12-week and 24-week assessment for the breast cancer subscale score. There were significant 

improvements between baseline and the 24-week assessment for fatigue, FACT-B total, FACIT-

F TOI, and FACIT-F total scores. Within the yin yoga group, there were significant 

improvements between baseline and the 24-week assessment for the physical wellbeing, FACT-

G total, FACT-B total, and FACIT-F total scores. 

The secondary analysis results for the FACT-B and FACIT-F were similar to the intent to 

treat analysis, with time effects in all total and domain scores except for the social wellbeing and 

emotional wellbeing domains. There were no group by time interactions for any variables. 
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Table 11. Quality of Life (SF-36 Measures) (Intent to Treat: N=44) 
 FIT (n=21) Yin Yoga (n=23) 

Variable  Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 

Physical 
Functioning** 

77.9 ± 21.1 83.3 ± 21.6 88.1 ± 15.7 73.3 ± 23.7 77.2 ± 22.8 77.6 ± 23.3 

Role Limitations-
PH** 

63.1 ± 4 83.3 ± 33.9† 81.0 ± 33.5 70.7 ± 37.4 77.2 ± 35.3 81.5 ± 33.9 

Role limitations-
EP** 

65.1 ± 44.1 74.6 ± 40.7 79.4 ± 35.7 82.6 ± 31.6 92.8 ± 24.5 92.8 ± 20.0 

Energy/Fatigue** 56.9 ± 23.9 65.2 ± 20.6 71.7 ± 19.0† 54.1 ± 22.0 60.0 ± 23.5 62.2 ± 20.9† 

Emotional 
wellbeing** 

73.5 ± 19.5 79.6 ± 18.2† 81.9 ± 15.2† 75.0 ± 14.3 83.0 ± 11.3† 83.4 ± 10.9† 

Social 
functioning** 

75.0 ± 23.7 85.1 ± 23.3 86.9 ± 23.2† 87.5 ± 20.3 84.9 ± 20.8 90.2 ± 17.3 

Pain 71.2 ± 24.0 75.8 ± 20.1 74.8 ± 20.7 69.1 ± 27.8 68.5 ± 27.5 72.3 ± 27.6 

General health** 68.1 ± 15.7 72.4 ± 14.4† 74.5 ± 15.3† 63.0 ± 19.2 71.7 ± 18.1† 71.7 ± 19.0† 

Values are means ± standard deviations. FIT: functional impact training; Ext: extension; Flex: flexion; 1RM: 
one-repetition maximum; PH: physical health; EP: emotional problems 
**p < 0.05, significant main time effect 
†p < 0.05, significantly different from baseline within the group 

 

 

Table 12. Quality of Life (FACT-B and FACIT-F Measures) (Intent to Treat : N=44) 
 FIT (n=21) Yin Yoga (n=23) 

Variable  Baseline 12 weeks 24 weeks Baseline 12 weeks 24 weeks 

Breast Cancer 
Subscale** 

26.9 ± 4.8 29.2 ± 4.9† 29.0 ± 5.3† 25.9 ± 8.0  27.7 ± 7.1 27.4 ± 6.7 

Fact-B TOI** 73.0 ± 10.9  76.1 ± 11.3 77.4 ± 11.4 71.1 ± 16.9 73.3 ± 14.1 74.5 ± 13.8 

Fact-G Total 
Score** 

89.7 ± 11.5 91.0 ± 12.0 92.9 ± 11.3 87.4 ± 16.1 89.4 ± 14.1 91.1 ± 14.1† 

Fact-B Total 
Score** 

116.6 ± 14.9 120.2 ± 16.0 121.9 ± 15.4† 113.3 ± 22.7 117.1 ± 19.2 118.5 ± 15.4† 

FACIT-F 
TOI** 

84.4 ± 16.4 89.4 ± 15.6 92.9 ± 15.1† 83.1 ± 21.9 84.5 ± 20.5 87.5 ± 18.7 

FACIT-F 
Total Score** 

128.0 ± 20.4 133.5 ± 20.0 137.3 ± 18.8† 125.3 ± 27.8 128.3 ± 25.4 131.4 ± 24.1† 

Physical 
Wellbeing** 

23.9 ± 3.6 24.3 ± 3.9 25.0 ± 4.0 22.6 ± 5.3 23.2 ± 4.2 23.9 ± 4.5† 

Social/Family 
Wellbeing** 

22.8 ± 3.6 23.3 ± 3.1 23.6 ± 3.4 21.9 ± 5.3 23.0 ± 4.4 23.1 ± 4.6 

Emotional 
Wellbeing 

20.9 ± 3.1 20.8 ± 3.4 20.9 ± 3.2 20.3 ± 4.1 20.8 ± 3.4 20.9 ± 3.8 

Functional 
Wellbeing** 

22.2 ± 4.2 22.6 ± 4.3 23.5 ± 4.0 22.6 ± 5.0  22.4 ± 5.3 23.2 ± 4.5 

Fatigue 
Subscale** 

38.3 ± 10.7 42.5 ± 9.3 44.4 ± 8.5† 37.9 ± 12.5 38.9 ± 12.3 40.3 ± 10.8 

Values are means ± standard deviations. FIT: functional impact training; FACT-B: Functional Assessment 
of Cancer Therapy-Breast; FACIT-F: Functional Assessment of Chronic Illness Therapy-Fatigue; TOI: 
trial outcome score 
**p < 0.05, significant main time effect 
†p < 0.05, significantly different from baseline within the group 
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Arm Volume Measurements 

 

 Calculated arm volumes for the affected and unaffected arms assessed at baseline, 12-

weeks, and 24-weeks are shown in Table 13. The percentage difference between the two arms 

(bilateral difference) was calculated with a positive percentage indicating a greater volume in the 

affected arm compared to the unaffected arm. A difference of 10% or greater indicated the 

potential development of lymphedema. Two participants were excluded from the analysis due to 

having breast cancer in both breasts, thus both arms were considered to be the affected arm. 

 The mean arm volume for the affected and unaffected arms was 2,501.6 ± 775.3 mL and 

2,517.3 ± 803.2 mL, respectively, with a mean bilateral difference of -0.48%. All participants 

had a bilateral arm difference less than 10% at baseline (range: -9.83% to 8.50%). None of the 

participants reported lymphedema-related symptoms at the start of the study. There were no 

differences between groups in affected and unaffected arm volumes or bilateral percentage 

difference.  

 

   Table 13. Arm Volume Measurements (N=42) 

FIT (n=21) 

Variable Baseline 12 weeks 24 weeks 

Affected arm 

volume (mL) 
2,448.9 ± 512.4 2,440.0 ± 535.9 2,441.2 ± 570.4 

Unaffected arm 

volume (mL) 
2,447.7 ± 477.8 2,444.6 ± 500.1 2,437.8 ± 501.9 

Percentage 

difference (%) 
-0.17 ± 4.06 -0.15 ± 5.27 -0.16 ± 5.62 

Yin Yoga (21) 

Variable Baseline 12 weeks 24 weeks 

Affected arm 

volume (mL) 
2,551.8 ± 973.2 2,539.5 ± 968.5 2,571.4 ± 971.3 

Unaffected arm 

volume (mL) 
2,583.6 ± 1031.5 2,570.1 ± 1005.2 2,573.1 ± 984.7 

Percentage 

difference (%) 
-0.77 ± 4.63 -0.90 ± 4.55 0.05 ± 5.95 

Values are means ± standard deviations. FIT: functional impact training  
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There were no main time effects or group by time interactions for the arm volumes or 

bilateral percentage difference, thus there was no change in the affected arm volumes over time. 

One participant from the FIT group did experience an increase in the bilateral difference from 

2.30% at baseline to 10.61% at 12-weeks and 12.15% at 24-weeks. While the percentage 

difference increased, this was due to both an increase in the affected arm volume (+247.7 mL) 

and decrease in the unaffected arm volume (-71.67 mL). While the participant did not experience 

any lymphedema-related symptoms throughout the study, the participant did report the 

information to her physician and program intensity was monitored. One participant from the yin 

yoga group also experienced a percentage bilateral difference greater than 10% at the 24-week 

assessment; however, the increase in the percentage difference was not due to an increase in the 

affected arm. Instead, both arm volumes decreased by 7.09 mL and 49.15 mL in the affected and 

unaffected arms, respectively, thus the greater reduction in the unaffected arm circumference 

resulted in a greater difference between the two arms.  

 The secondary analysis with only the participants who completed the study yielded the 

same results with no baseline differences between groups and no main time effects or group by 

time interactions. None of the participants reported any lymphedema-related signs or symptoms 

throughout the study. 
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CHAPTER 5 

 

DISCUSSION 

 

 
 This was the first study to investigate the effects of a group exercise intervention 

consisting of a circuit of strength and a variety of high impact exercises on body composition, 

BMD, strength, physical function, fatigue, and QOL in breast cancer survivors. The program was 

well-tolerated by participants, with only 3 participants needing modifications for the higher 

impact exercises and only 1 participant dropping out due to the difficulty of the program. With 

an average participant age of 60.3 ± 7.4 years and a range of 44 to 77 years for the FIT group, 

this demonstrates the capability of older BCS to perform strength and high impact exercises 

without adverse effects. Adherence to the FIT and yin yoga classes was 86.6% and 84.4%, 

respectively for the 32 participants who completed the program while adherence for all 44 

participants was 72.0% for FIT and 61.1% for the yin yoga group. This is consistent with 

Winters-Stone et al. (2012) who reported a 6-month adherence rate of 82% and 80% for the 

twice weekly supervised resistance training+impact and stretching classes, respectively. While 

they reported a retention rate of 85% and 80% for the whole 12-month program, only 61.3% 

completed the 6-month testing and 63.2% completed the 12-month testing, which was lower than 

our retention rate of 71.1% of participants who completed the 6-month intervention and the final 

assessments. Retention and adherence for this present study and Winters-Stone et al. (2012) were 

lower than a previous 6-month study conducted in our laboratory (Simonavice et al., 2014), 

which had a retention rate of 92.6% and average resistance training session adherence of 96%. 

The differences in retention and adherence may be due to the format and intensity of the 

intervention. Simonavice et al. (2014) used a low-moderate resistance training program using 

resistance training machines with individual trainers working with each participant. This current 
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study and Winters-stone et al. (2012) used group-based classes and included both free weight 

and high impact exercises, which can require more coordination and functional ability and may 

be more challenging to complete due to the absence of back and postural support provided by a 

resistance machine. While the FIT sessions may have required more coordination and 

challenging functional movements, the yin yoga classes, which had a lower retention rate as 

well, required much less effort than either of the two training programs. Therefore, differences in 

adherence may be due to the one-on-one supervised training sessions, which allowed for more 

individualized accommodation of each participant’s schedule for training and make-up sessions 

compared to the group classes, which were scheduled on specific days and times each week, with 

make-up sessions being offered on Fridays and during the weekends. Adherence for this current 

study was also influenced by the occurrence of a hurricane, which resulted in the cancellation of 

three days of classes, and an ice storm, which resulted in the cancellation of two morning classes 

for one day. 

 

Body Composition and Bone Mineral Density 

 

 The hypothesis that BCS participating in FIT would have decreases in fat mass and 

increases in total and regional BMD compared to those participating in yin yoga was not 

supported by our results; however, our results did support the maintenance of lean mass.  Fat 

mass and body fat percentages were maintained in both the FIT and yin yoga groups over the 

course of the 24 weeks. The FIT group did maintain lean mass and improved it by a small, but 

not significant, percentage of 0.7% compared to a 0.2% increase in the yin yoga group. There 

was a 1.4% improvement (0.59 kg) in lean mass within the FIT group during the first 12 weeks 

of the program, which was significant within the group when using a paired t-test; however, the 

lean mass declined between the 12-week and 24-week assessments. Therefore, the participants in 
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the FIT program likely did not reach a high enough stimulus to elicit significant improvements in 

lean mass, fat mass, or body fat measurements over the duration of the program, especially 

during the last 12 weeks of the program where participants may have needed a greater overload 

to stimulate muscle protein synthesis.  

There have only been three studies to date that have shown significant improvements in 

lean muscle mass in BCS with exercise, two of which consisted solely of resistance training 

exercises (Madzima et al., 2017; Schmitz, Ahmed, Hannan, & Yee, 2005). The other study 

consisted of high intensity functional training in cancer survivors, but only 6 (4 of which were 

BCS) participants completed the 5-week pilot study (Heinrich et al. 2015), thus making results 

unreliable when making inferences for a breast cancer population. Schmitz et al. (2005) observed 

a 0.88 ± 0.23 kg (+2.3%) increase in lean mass and 2.7% loss in body fat percentage following a 

6-month resistance training intervention in BCS while Madzima et al. (2017) observed a 0.9 ± 

1.0 kg increase in lean mass and losses in fat mass (−0.5 ± 1.2 kg) and body fat percentage 

(−1.0% ± 1.2%) following a 12-week resistance training intervention. While the FIT group did 

experience a significant increase in lean mass within the group over the first 12 weeks, the FIT 

group did not maintain the significant gains nor did this group have losses in fat mass or body fat 

percentage over the 24-week program. There were differences over time when the FIT group was 

compared to the yin yoga group. This may be due to the combined focus of the FIT program on 

functional movements and high impact exercises, as opposed to solely focusing on resistance 

training exercises and strength training progression principles. While it is difficult to compare 

resistance and volume between a body weight/free weight training program such as FIT and a 

machine-based resistance training program, a comparison of the lower and upper body volumes 

between this study and Madzima et al. (2017) shows that participants in the FIT used lower 
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resistance (FIT: ~3.0 – 7.5% of 1RM) and lower total volume (40,010 ± 9,992 kg) compared to 

participants in Madzima et al. (2017) (Resistance: 65-81% of 1RM; Volume group 1: 405,028 ± 

135,685 kg; Volume group 2: 486,550 ± 140,402 kg). While participants in the FIT program 

performed additional non-weighted functional exercises that were not accounted for in the total 

volume measurements such as squats, push-ups, triceps push-ups, dips, and single leg deadlifts 

as well as a variety of high impact movements, these exercises were performed without 

additional load from free weights, and therefore most likely did not provide enough stimulus for 

muscle hypertrophy.  

Weight and volume details were not provided for Schmitz et al. (2005); however, the 

focus of the program was resistance training, with 9 upper and lower body exercises completed 

for 3 sets of 10-12 repetitions twice per week. Their program used a standard progressive weight 

training approach with participants lifting the maximum weight they were able to lift for the 

desired repetitions for lower body exercises and a gradual increase in upper body resistance 

depending on lymphedema-related symptoms. Therefore, the lower intensity of the resistance 

exercises performed by FIT participants may be the reason significant improvements in lean 

mass were not observed over the 24-week program. In addition, steps/day did not change over 

time in the FIT group, thus the program either did not add a significant amount of steps to the 

participants’ overall daily activity, or participants lowered their daily physical activity due to 

their participation in the exercise program. This may have been the reason why fat mass and 

body fat percentage did not change over time as well.  

 Lean mass results within the FIT group look to be more similar to changes observed in 

other strength and high impact studies (Winters-Stone et al., 2013), aerobic interventions, or low 

intensity resistance training interventions in BCS. Irwin et al. (2009) observed a 0.8% increase in 



130 

lean mass and 1.9% loss in body fat percentage within the first 6 months of a 12-month aerobic 

training program performed for 30 minutes 5 days/week at 60-80% of maximum heart rate. 

Participants in FIT experienced similar lean mass improvements in 6 months with a frequency of 

two days per week, performing the training program at a similar cardiovascular intensity (72.5 ± 

7.4% of maximum heart rate). While the lean mass changes were similar, the FIT group did not 

experience comparable changes in body fat. This may be due to the overall time spent in 

cardiovascular training. While average heart rate values for FIT were within the range 

experienced by participants in Irwin et al. (2009), the total weekly session time was much less at 

90 minutes/week for FIT compared to 150 minutes a week for participants in their study, which 

likely resulted in less total energy expended. Thus, the combination of resistance training and 

high impact movements (which ultimately created a cardiovascular component) at a lower 

training frequency over the same time period produced similar results for lean mass, but not in 

fat mass or body fat percentage.  

Simonavice et al. (2014)  did not observe significant changes in lean mass, fat mass, or 

body fat percentage following a 24-week low-to-moderate resistance training intervention in 27 

BCS. Therefore, like the cardiovascular and low-to-moderate resistance training studies, the 

combined low-intensity resistance exercises and high impact cardiovascular component of the 

FIT program may not have provided a training stimulus great enough to improve lean mass, fat 

mass, or body fat percentage in BCS. 

 Participants in the yin yoga group maintained lean mass, fat mass, and body fat 

percentage over the 24 weeks. These findings were similar to results from Winters-Stone et al. 

(2013) who observed maintenance in lean mass and fat mass and an increase in body fat 

percentage in their active control group that performed flexibility exercises. The maintenance in 
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lean mass, fat mass, and body composition in the yin yoga group may be due to the participants 

being 4.3 ± 4.2 years post-treatment, and thus changes in body composition may be more gradual 

than changes in BCS who are not as far out from their the treatment period. This is supported by 

a recent study in our laboratory that reported no changes in lean mass in sedentary BCS over the 

course of 12-15 months (Artese et al., 2018). While BCS did experience significant increases in 

fat mass and body fat percentage in the previous study, the longer time frame of that study 

compared to this current study may account for the differences in results. There is some evidence 

to suggest that stretching may have a positive effect on muscle growth. Coutinho et al. (2004) 

stretched the soleus muscle of a rat for 40 minutes a day, 3 days per week for 3 weeks. When that 

muscle was compared to the contralateral limb that was not subjected to stretching, it showed an 

increase in muscle fiber area. In addition, while the yin yoga program consisted solely of seated 

and lying stretches, participants had to set up their mats, carry bolsters and blocks to their mats, 

and get down and up off the floor at the beginning and end of the class, which in many cases was 

more strenuous activity than many of the women were accustomed to prior to the start of the 

study. While steps/day did not change over time, participation in the yin yoga class twice per 

week may have been enough of a stimulus to help attenuate losses in lean mass and gains in fat 

mass. 

 Overall, lean mass, fat mass, and body fat percentages were preserved in both groups, 

regardless of type of activity. While these results are promising as BCS are especially susceptible 

to negative changes in body composition, a longer intervention period may have been needed to 

observe positive changes in body composition in the FIT group as well as detect any differences 

between the two groups.   
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 The FIT program failed to elicit improvements in total or regional BMD at the lumbar 

spine, femur, or forearm. Furthermore, there was a significant main time effect for left forearm 

and left femoral neck measurements to decrease, indicating that participants lost BMD at these 

sites regardless of intervention group. Total BMD and regional BMD at all other sites were 

maintained in both groups. The reason for losses specifically at these sites is unknown. Of the 44 

participants, 42 were dominant on the right side, which may explain the accelerated losses in 

both the left forearm and left femoral neck compared to the same measurements on the right side. 

Krasniqi et al. (2016) found that the distal radial forearm BMD, T score, and Z score of the 

dominant arm was significantly higher than the non-dominant arm in older females with a mean 

age of 55.15 ± 7.12 years. This supports our findings of an accelerated loss in the left forearm 

compared to the right since most participants were right-hand dominant. Since 50.0% of 

participants had breast cancer on the left side and 45.5% of participants had cancer on the right 

(4.5% had cancer on both sides), the greater loss in the left forearm compared to the right 

forearm is not likely attributed to differences between the affected and unaffected arms.   

 The forearm appears to be the BMD region most susceptible to losses in BMD in BCS. In 

a comparison of total and regional BMD measurements in 15 BCS and 15 healthy non-cancer 

controls, Simonavice et al. (2011) found that the only BMD measurements that were 

significantly lower in the BCS were the radius, ulna, and total forearm measurements. 

Furthermore, a 12-month intervention of resistance training combined with bisphosphonates, 

calcium, and vitamin was effective in significantly increasing hip and spine BMD, but was not 

successful in improving forearm BMD, resulting in a 2.6% loss over the course of the 12-month 

intervention (Waltman et al., 2003). In contrast to our results, Simonavice et al. (2014) found that 

6 months of low-to-moderate resistance training resulted in maintenance of the left forearm 
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BMD, and losses in right total radius, ulna, and forearm. They attributed these losses to the right 

arm being the affected arm in 70% of the participants. They did not report arm dominance, so it 

cannot be concluded if arm dominance played a role in the bilateral differences in BMD loss 

between the two arms. The results from this current study as well as previous studies in BCS 

support the need for exercise interventions that focus on attenuating BMD losses in the forearm 

in BCS, especially BMD in the non-dominant arm. 

Differences between right and left hip BMD have been reported (Alele et al., 2009; 

Hwang, Park, Lee, Han, & Ro, 2012). Results comparing dominant and non-dominant sides have 

shown mixed results. Lilley et al. (1992) showed that leg dominance is not related to differences 

in BMD at the hip. In contrast, Afzelius et al. (2017) reported lower hip BMD in the dominant 

side compared to the non-dominant side, but no differences in the femoral neck measurements in 

older men and women with ages close to our population (63 ± 11 years). Another study found 

lower values in the dominant femoral neck and total femur compared to the non-dominant side in 

younger men, but not in younger women (Dane, Akar, Hacibeyoglu, & Varoglu, 2001). In 

contrast to the studies that did report a relationship between side dominance and hip BMD, our 

study showed a loss in BMD at the non-dominant femoral neck as opposed to the dominant 

femoral neck. Interestingly, results from our previous study are in support of accelerated losses 

in the left femoral neck in BCS (Artese et al., 2018). In a study comparing changes in BMD in 

sedentary BCS compared to sedentary non-cancer controls over a 12-15-month time frame, 

femoral neck on both sides significantly decreased in both groups over time; however, there was 

a group by time interaction only in the left femoral neck, with the BCS losing BMD at a faster 

rate than the non-cancer control. While there was no difference in losses between the right and 

left femoral neck within the BCS group in the previous study, the accelerated loss in the left 
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femoral neck in the BCS compared to the control demonstrates that the left femoral neck in BCS 

may potentially be more susceptible to losses in BMD.  

The reasons for the greater losses in BMD at the left femoral neck compared to the right 

femoral neck observed in this present study are unknown, and our results seem to contradict 

previous research showing that the dominant hip has lower BMD than the non-dominant hip. 

Losses in the left forearm and left femoral neck measurements ranged from 1.3% to 2.4%, which 

are consistent with the previous findings in postmenopausal women without cancer (Nelson et 

al., 1994) as well as our findings in our previous study (Artese et al., 2018). Thus, the FIT 

program was not successful in preventing losses in BMD on the non-dominant side.  

Total BMD was maintained at all other sites in both groups, which is a desirable outcome 

for BCS (and postmenopausal women), who are susceptible to losses in bone. While the FIT 

program incorporated high impact exercises with the goal of increasing BMD, improvements 

were likely not observed in the FIT group due to both the low intensity of the resistance training 

exercises performed and/or the short duration of the program. In addition, the higher impact 

exercises were not incorporated into the program until after the first 8 weeks, thus the 

participants were only performing the high impact training for 16 weeks out of the 24-week 

program. Zehnacker & Bemis-Dougherty (2007) recommend completing resistance training at an 

intensity of 70-90% of 1RM while Zhao et al. (2015) suggested that an exercise program must be 

at least 10 months long to see positive BMD changes. Therefore, the intensity and the duration of 

the FIT program were not sufficient for BMD improvements. In addition, the 6-month period 

was likely not enough time to observe potential losses in the yin yoga group who were not 

performing strength, weight-bearing, or high impact exercises. For example, Irwin et al. (2009) 

reported no change over time or difference between the exercise and control groups within the 
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first six months of their training program. By the end of 12 months, there was a significant 

difference in BMD changes over time with the exercise group maintaining BMD and the control 

group significantly losing BMD. Therefore, a longer intervention period with greater weight 

progressions may have provided more insight into the potential for the FIT program to elicit 

positive changes in BMD. 

 

Blood Biomarkers for Bone Metabolism 

 

Consistent with the lack of BMD changes for total, lumbar spine, right hip, and right 

forearm, blood biomarkers of bone did not change in either group. This does not support our 

hypotheses that BAP would increase and TRAP-5b would decrease in the FIT group compared to 

the yin yoga group. Other studies have reported more promising findings in markers of bone 

resorption and formation. Winters-Stone et al. (2011) showed a 38.8% decrease in 

deoxypyridinoline, a marker for bone resorption while osteocalcin, a marker for bone formation, 

remained unchanged after 12 months of resistance training+high impact training in BCS. 

Simonavice et al. (2014), who observed similar body composition and BMD results to our study, 

reported a significant decrease in TRAP-5b in BCS after a 6-month resistance training 

intervention. While BAP did not change, the reduction in TRAP-5b indicated lower bone 

resorption at the end of their intervention. Since Simonavice et al. (2014) measured the same 

blood biomarkers and had similar BMD results to this present study, making the study a useful 

comparison, it is important to note that baseline TRAP-5b values for both the FIT and yin yoga 

groups (FIT: 2.3 ± 1.2 U/L; yin yoga: 2.6 ± 1.6 U/L) were much lower than baseline (Group 1: 

4.55 ± 1.57; Group 2: 5.10 ± 2.75) or 6-month values (Group 1: 4.03 ± 1.81 U/L; Group 2: 3.77 

± 1.80 U/L) in their study. In addition, our baseline TRAP-5b values were lower than the average 
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for postmenopausal women. Therefore, TRAP-5b levels may not have changed after six months 

of FIT due to the already lower levels of TRAP-5b at baseline.  

Overall, a higher intensity and longer study duration may have been needed to produce 

positive changes in blood biomarkers for bone, which would ultimately influence changes in 

BMD. For example, a study that assessed bone turnover in postmenopausal women with 

osteopenia and osteoporosis using a 12-month walking program showed changes in urinary 

NTX, a marker of bone resorption, within the first three months, but did not show significant 

changes in BAP levels between baseline and 3, 6, or 9 months of the study (Yamazaki, Ichimura, 

Iwamoto, Takeda, & Toyama, 2004). Significant changes in BAP were not observed until the 12-

month assessment (Yamazaki et al., 2004). Therefore, if TRAP-5b levels were already low at the 

start of our study, indicating that resorption levels were already low, BAP changes may have 

occurred if the FIT intervention had been completed for a longer period of time. 

 

Strength and Physical Function Measures 

 

The hypothesis that BCS participating in FIT would have improved strength and physical 

function compared to those participating in yin yoga is also not supported by our findings. While 

the FIT group did improve in upper and lower body strength and physical function measures, the 

yin yoga group improved in those same measures as well, with the exception of upper body 

strength. These results show that regardless of changes in lean mass, improvements in strength 

and physical function can be obtained by BCS with both a strength and high impact program as 

well as a low intensity deep-stretching yin yoga program.  

Lower body strength improvements in FIT were modest, with a range of 12.1% to 15.8% 

improvement among isokinetic measures and a 10.5% improvement for isometric flexion while 

1RM chest press values increased by 13.7%. Other resistance training studies have shown larger 



137 

improvements in strength. Benton et al. (2014) reported an 80% and 99% improvement in lower 

body strength in younger and older BCS, respectively, and a 34% improvement in upper body 

strength in both age groups after an 8-week resistance training program at an intensity that 

ranged from 50-80% of 1RM. A 3-month training study conducted in our laboratory found a 

17.4% improvement in leg extension in BCS who performed the resistance training program and 

a 22.5% increase in BCS who performed the resistance training program (intensity: 65-81% of 

1RM) combined with a protein supplementation (Madzima et al., 2017). The 1RM chest press 

improved by 39.1% in the resistance training group and by 31.6% in the resistance training and 

protein supplement group. Schmitz et al. (2005) reported that BCS had a 38% increase in 1RM 

leg press and a 63% improvement in 1RM bench press after 6 months of resistance training. 

Simonavice et al. (2014) found a 26% and 28% increase in 1RM leg extension values in their 

two resistance training groups and a 25% and 26% increase in 1RM chest press values after 6 

months of low-moderate resistance training (52-69% of 1RM). 

While the strength changes in the FIT group did not improve to the extent seen in the 

aforementioned studies, it is important to consider that the strength tests in this study were not 

specific to the movements and exercises performed during the FIT program. The previous 

resistance training studies tested participants on the same exercises that were used during the 

training programs, thus participants were more familiar with the specific movements and 

machines used during the strength testing procedures as they performed those movements during 

the training sessions each week. In contrast, participants in the FIT group only performed a 

machine chest press and isokinetic and isometric seated leg extension and flexion during the 

testing appointments at the baseline, 12-week, and 24-week assessments. This is supported by 

Winters-Stone et al. (2013) who reported a 9.9% increase in 1RM leg press and 10.4% increase 
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in 1RM chest press in prematurely menopausal BCS (mean age: 46.5 ± 5.0 years) after six 

months of a training program consisting of free weight exercises and high impact jumps. 

Strength continued to improve after another six months of training as the respective 

improvements in 1RM leg and chest press values were 13.5% and 11.6% compared to baseline 

(Winters-Stone et al., 2013). The same protocol resulted in a 19.9% and 12.4% increase in 1RM 

leg and chest press values, respectively, after 12 months in BCS who were similar in age to our 

participants (mean age: 62.3 ± 6.7 years) (Winters-Stone et al., 2012). While both these studies 

used free weights, their programs still followed progressive resistance training principles used in 

the aforementioned resistance training studies, with participants working at 60-80% of 1RM for 

8-12 repetitions, and 1-3 sets, and a frequency of 3 days/week. Therefore, this present 24-week 

study produced upper and lower body strength changes that were similar to the 12-month 

changes reported by Winters-Stone et al. (2013) and Winters-Stone et al. (2012) while using a 

circuit-based protocol with less resistance, lower frequency, and more cardio-based high impact 

exercises.  

The yin yoga group unexpectedly improved lower body strength at a rate similar to the 

FIT group. While this group did not participate in any strength-building activity, the reason for 

strength increases may be due to the chronic stretching from the yin yoga postures. Batista et al. 

(2009) implemented a 4-week knee-flexor stretching program in older adults, which consisted of 

7 sets of gentle knee extensions combined with an anterior pelvic tilt, with each set performed 

for 60 seconds. They observed a 10.2% and 11.0% increase in isokinetic knee extension and 

flexion at 60
o
/sec, respectively.  Kokkonen et al. (2007) implemented a 10-week stretching 

intervention in college-aged males and females where participants completed three weekly 

sessions, each lasting 40 minutes and consisting of  15 different static stretching exercises. 
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Following the 10-week program, participants improved 1RM knee extension by 32.4% and 1RM 

knee flexion by 15.3%. The reasons underlying these positive changes in strength following 

flexibility training are unknown; however, there is some evidence to suggest that stretching may 

increase the number of serial sarcomeres in the muscle (Coutinho et al., 2004), which may 

enhance the force-length relationship and ultimately improve muscle performance (Medeiros & 

Lima, 2017). Therefore, the improvements in lower body strength in the yin yoga group may be 

a result of the chronic stretching performed over the 24 weeks. Since the stretches during the yin 

yoga sessions targeted the lower body to a greater extent than the upper body, this may explain 

why strength improvements only occurred in the lower body and not in the upper body. 

 Similar to the strength results, objective physical function measured by CS-PFP improved 

in both the FIT and yin yoga groups. While there was a time effect for total physical function and 

the domains for upper body strength, lower body strength, endurance, and balance, further 

within-group analysis showed that the significant time effects were occurring within the FIT 

group for these measures while there were no significant changes over time within the yin yoga 

group. In addition, there was a group by time interaction for upper body strength with the FIT 

group improving to a greater extent than the yin yoga participants (11.6% compared to 3.0%). 

While there was no group by time effect for lower body strength, the percent increase in lower 

body strength score for FIT was almost double the percent increase in the yin yoga group (13.8% 

compared to 7.8%). These results indicate that the FIT protocol was a more effective means for 

improving strength measures in BCS. Percent increases in the other domains were similar 

between groups. Therefore, while the main time effect showed improvement for total physical 

function and in 4 of the 5 domains, the FIT group did show an enhanced improvement in upper 

and lower body strength compared to the yin yoga group.  
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These results are consistent with other resistance training and high intensity studies in 

BCS. Few studies in BCS have used the CS-PFP test to assess physical function. Of those 

studies, all have seen improvements in physical function following a resistance training program.  

Janakowski et al. (2008) observed an increase in physical function in older cancer survivors 

following a resistance training program performed three days per week for 4 months. While the 

participants’ baseline scores were much lower than our participant’s scores, likely due to the 

older age of their participants (71 ± 5 years), the percent improvement in the CS-PFP upper 

(20.3%) and lower (11.1%) body strength scores were consistent with our findings. They did not 

report a total CS-PFP score. Simonavice et al. (2015) who also reported increases in total 

physical function (12.4%) and all function domains except upper body flexibility in BCS after 6 

months of resistance training. Likewise, Madzima et al. (2015) reported a 6.2% and 4.9% 

increase total physical function in his resistance training group and resistance training+protein 

supplementation group, respectively, following 3 months of resistance training in BCS. They 

also observed increases in all domain scores except for upper body flexibility.  

While Winters-Stone et al. (2012) did not assess physical function using the CS-PFP, 

they did objectively measure physical function using a 30-second chair stand, Physical 

Performance Battery (a combined score for 5-second chair stand, standing balance, and 4-meter 

walk), and an additional leg balance test performed with eyes opened and closed. Surprisingly, 

their resistance training+impact intervention that produced similar strength improvements as the 

participants in this present study observed no changes in objective physical function measures 

after 12 months of training in BCS (Winters-Stone et al., 2012). This may be due to a ceiling 

effect since the participants in their study had high physical function baseline scores, or the 

specific function tests they used may not have been sensitive enough to detect changes in 
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physical function. In comparison, the CS-PFP has been validated for sensitivity to change over 

time (Cress et al., 1999) and prevents a ceiling effect for those with high physical function 

scores. This was further confirmed by this present study that demonstrated significant changes in 

physical function over time within the FIT group, who already had high baseline scores that were 

significantly greater than baseline values in the yin yoga group.  

 Few studies have assessed changes in objective measures of physical function in BCS 

upon completion of a yoga intervention. Following a 7-week yoga intervention in BCS, Culos-

Reed et al. (2006) reported improvements in both the yoga and control group in 6-minute walk 

distance and the sit and reach test, but there were no differences in improvements between the 

groups over time. Bower et al. (2012) found similar results after a 12-week Iyengar-based yoga 

intervention, with an improvement in both the yoga and control group in the chair stand test, with 

no difference between groups over time. To our knowledge, there have not been any studies that 

have assessed physical function using the CS-PFP following a yoga intervention in BCS. One 

study used the CS-PFP to measure changes in physical function in older disabled cardiac patients 

following a 6-month resistance training intervention compared to a control group that performed 

a combination of stretching, calisthenics, deep breathing, relaxation, and light yoga exercises 

(Ades et al., 2003). While they did see increases in total function in the resistance training group 

(time effect within the group as well as a group by time effect), physical function within the 

control group did not significantly improve.  

Results from this current study show that 24 weeks of yin yoga can have beneficial 

effects on physical function in BCS. While participants in the yin yoga group did not participate 

in any weight-bearing functional activities, improvements in physical function may be due to the 

same potential mechanisms that were responsible for improvements in lower body strength in 
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this group. The same study that had observed improvements in lower body strength after a 4-

week stretching intervention in older women also reported improvements in physical function 

assessed via the timed up and go test (Batista et al., 2009). In addition to the potential for 

stretching to increase the number of serial sarcomeres in a muscle (Coutinho et al., 2004), thus 

positively affecting strength, the yin yoga postures likely had a beneficial effect on physical 

function due to enhanced range of motion, especially in the lower body joints, making CS-PFP 

tasks that required squatting or bending down such as picking up scarves, the floor sweep, the 

laundry tasks, and getting down and up off the floor easier to perform. Surprisingly, the yin yoga 

group did not see improvements in upper body flexibility. This may be due to the emphasis on 

postures that targeted stretching of the lower body compared to the upper body muscles in the 

yin yoga classes. Future classes for yoga participants may want to place more emphasis in upper 

body flexibility movements as well. 

Results from this study also demonstrate the potential for both FIT and yin yoga to 

restore physical function in BCS who were classified with impaired physical function at the start 

of the study. Of the 6 participants who completed the study with impaired physical function at 

baseline, 5 participants (1 from FIT and 4 from yin yoga) improved their physical function scores 

above the normal function threshold of 57 units. The one participant who did not reach the 

threshold by the 24-week assessment had the lowest baseline score and the lowest attendance 

(56.25%) among all participants who completed the study. While her total physical function 

score did improve by 1.0 unit over the 24-week period, her low attendance may be the reason 

greater improvements did not occur. The reason for the one participant in the yin yoga group 

whose physical function decreased from normal at baseline to impaired by both the 12-week and 

24-week assessment is unknown. While her attendance was below the average attendance, she 
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still participated in 81.25% of the yin yoga classes and did not report any adverse effects from 

the training program. 

Baseline sit-to-stand measures were much greater than those measured in older adults 

with a mean age of 78.2 ± 6.6 years (Glenn, Gray, & Binns, 2017). Beyond these previous 

findings, there are no other studies assessing sit-to-stand measures using a Tendo power analyzer 

unit. Since the sit-to-stand test is another means of assessing physical function, it is not 

surprising that the results coincide with the CS-PFP findings. While there was a main time effect 

and no group by time interactions, within group analyses show that the FIT group significantly 

increased peak power and peak velocity by 5.5% and 5.3%, respectively while the yin yoga 

group had minimal non-significant improvements in peak power and peak velocity of 0.9% and 

1.1%, respectively. Given that muscle power may be a stronger indicator of physical function 

than strength (Foldvari et al., 2000), the improvements in power within the FIT group over time 

indicate that they may be less susceptible to losses in physical function over time.  

Overall, lower body strength and physical function improved in both the FIT and yin 

yoga groups while upper body strength increased only in the FIT group. These findings are 

especially important additions to the current literature on strength and physical function 

outcomes in BCS for several reasons. First, this was the first study to assess physical function 

using the CS-PFP test in these two types of training programs in BCS. Previous studies using this 

assessment have solely studied the effects of resistance training interventions in BCS. Since the 

CS-PFP test is an objective measure of physical function, is sensitive to change, and has no 

ceiling or floor effects, it may be a better indicator of changes in function over time than the 

more frequently-used subjective measures of physical function or other objective measures such 

as the Functional Fitness Test (Rikli & Jones, 1999) or the National Institute on Aging’s Short 
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Physical Performance Battery. Second, this was the first study to measure lower body function 

using the sit-to-stand test with the Tendo power analyzer in BCS as well as measure changes 

over time. Previous studies using this method have only determined baseline values for older 

adults (Glenn et al., 2017) and have established its relationship to physical function (Gray & 

Paulson, 2014). Therefore, this study contributes to the literature providing normative values for 

this population as well as showing that it can detect change over time. Third, this study shows 

that both lower body strength and physical function can be improved with a FIT protocol or with 

yin yoga. In addition, the FIT program improved upper body strength, which is an especially 

important result considering BCS are susceptible to pain, weakness, and loss of strength in the 

upper body due to cancer treatments. Therefore, FIT may be a great option for BCS who are 

looking for a more social exercise environment or high intensity alternative to the traditional 

weight room environment. The yin yoga program may be especially beneficial for BCS who are 

currently undergoing or have recently completed treatment as it requires less effort to perform 

and no joint impact compared to FIT or resistance training protocols. While the yin yoga 

program was not successful in improving upper body strength like FIT, the comparable 

improvements in lower body strength and physical function make it a viable option for BCS who 

may not be able to perform higher intensity exercise due to treatment effects, comorbidities, or 

overall low physical function. Nonetheless, participants who performed yin yoga maintained 

upper body strength, which is still a favorable outcome considering BCS have been shown to 

have lower strength and physical function than their non-cancer counterparts (Simonavice et al., 

2011; Sweeney et al., 2006), thus upper body strength and physical function may have declined 

over the course of the 24 weeks had they not been participating in the study.   
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Quality of Life and Fatigue 

 

 Quality of life and fatigue results support the hypothesis that BCS participating in both 

FIT and yin yoga will experience similar improvements in fatigue and QOL measures. Baseline 

QOL scores assessed via the SF-36 were similar to or slightly higher than other studies reporting 

QOL in BCS of a similar age (Ganz et al., 2002; Simonavice et al., 2011). In this current study, 

SF-36 QOL scores in all domains except pain improved from baseline in both groups over time. 

Few studies have specifically looked at changes in QOL in BCS using the SF-36 following a 

resistance training intervention. Of these training studies, results have been mixed. McKenzie 

and Kalda (2003) reported an increase in the physical function domain, general health, and 

vitality (energy/fatigue) scores of the SF-36 in the BCS with lymphedema who completed an 8-

week upper body strength and cardio program compared to a control group. Simonavice et al. 

(2015) saw no improvements in SF-36 QOL scores following their 6-month resistance training 

intervention. While Winters-Stone (2012) did not measure all domains of the SF-36, they did 

measure the physical function domain. They reported no improvements in the physical function 

domain following their 12-month resistance training+impact intervention in BCS (Winters-Stone 

et al., 2012). An aerobic program at an intensity of 60-80% of APMHR that was the same length 

as our intervention also found no improvements in SF-36 QOL scores (Cadmus et al., 2009). A 

yoga intervention conducted by Speed-Andrews et el. (2010) found improvements in the SF-36 

domains for pain, energy/fatigue, and role functioning due to emotional problems following a 6-

12-week Iyengar yoga. They also found that changes in the domains for role limitations due to 

physical function, general health, and mental health were approaching significance (Speed-

Andrews et al., 2010).   
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 Reasons why our study showed a more positive outcome in SF-36 QOL scores compared 

to these previous studies in BCS may be due to the type of training and the social support from 

the group-based classes. The FIT program offered a variety of exercises that kept the participants 

moving at all times and the strength movements were choreographed to high-energy music. In 

addition, the routines on the two training days per week were different from each other in order 

to prevent boredom that could have occurred if the same training program was performed on 

both days. Every 8 weeks, the program was progressed and some of the exercises were changed 

or modified to increase intensity and keep the participants interested. While the yin yoga sessions 

did not progress over time like the FIT program, it also had two different routines that were 

performed each week. In addition, the group-based classes created a sense of community among 

the participants with many participants especially commenting on how they enjoyed exercising 

with other women who were BCS. A recent study in medical students found that the students 

participating in a group exercise class once per week for 12 weeks experienced a decrease in 

perceived stress as well as an increase in physical, mental, and emotional QOL compared to both 

a control group and students who exercised for 12 weeks on their own (Yorks, Frothingham, & 

Schuenke, 2017). The group exercise intervention in that study was similar to our FIT 

intervention in that it consisted of high energy music and moves that were choreographed to the 

beat. While the yin yoga program was the complete opposite from the FIT protocol, the physical 

postures were still enhanced with soothing music and breathing and meditative practices.  

 The improvement in the domain for physical function and role limitations due to physical 

health are in agreement with our objective measures of strength and physical function. In 

addition, the improvements in strength and physical function combined with the group exercise 

class setting aspect mentioned above likely played a role in improving the domains for role 
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limitations due to emotional problems, emotional wellbeing, social functioning, and general 

health. Fatigue levels improved as well, which was likely impacted by the positive role that 

exercise and yoga can have on mood, immune functioning, and sleep, which ultimately impacts 

fatigue levels (Kessels, Husson, & van der Feltz-Cornelis, 2018). 

 Results from the cancer-specific QOL questionnaires were similar to the SF-36 findings. 

There were main time effects in all FACT-B and FACIT-F total scores and domains except for 

the emotional wellbeing domain. Baseline domain scores for the physical, social, emotional, and 

functional wellbeing as well as the fatigue subscale were comparable to norms for the general 

population and patients with a mixed cancer diagnosis (Brucker, Yost, Cashy, Webster, & Cella, 

2005; Cella, Lai, Chang, Peterman, & Slavin, 2002). The additional calculated FACT-B and 

FACIT-F scores are composite scores, calculated using the domain scores along with other 

cancer-specific concerns. The FACT-G score is a measure of overall QOL, and is a sum of the 

physical, emotional, social, and functional wellbeing scores. The breast cancer subscale score 

assesses symptoms and concerns that are specific to the breast cancer populations such as body 

image, arm swelling and tenderness, and pain (Garcia & Hahn, 2012).  The TOI scores are a 

combination of physical wellbeing and functional wellbeing scores along with an “additional 

concern” subscale, with the FACT-B focusing on breast-cancer specific additional concerns and 

the FACIT-F focusing on fatigue-specific additional concerns (Webster, Cella, & Yost, 2003). 

The FACT-B total measurement is an overall score assessing QOL via the physical, emotional, 

social, and functional wellbeing domains combined with the breast cancer-specific additional 

concerns. The FACIT-F total score is an overall assessment of QOL using the 4 domains and 

fatigue. 
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 All participants improved in all FACT-B and FACIT-F scores over time except for the 

emotional wellbeing domain. These results are congruent with our findings from the SF-36 and 

show that additional cancer-specific issues including fatigue and breast cancer-related concerns 

can also be improved by FIT or yin yoga. Previous resistance training, aerobic training, and yoga 

studies using the FACT-B and FACIT-F have reported similar results as our study. A short, but 

high intensity resistance and aerobic training program that consisted of 90-minute exercise 

sessions 3 times per week for 8 weeks in breast cancer patients undergoing treatment found a 

43% improvement in the FACT-B total score and a 53% improvement in fatigue, assessed using 

the Revised Piper Fatigue Scale. Hagstrom et al. (2016) implemented a 16-week resistance 

training program performed three times per week and found improvements in FACT-G, physical 

wellbeing, and FACIT-F scores. Daley et al. (2007) assessed QOL using the FACT-B in an 8-

week aerobic program 3 days per week at an intensity of 65%-85% of APMHR in BCS. While 

the program did not increase physical and emotional wellbeing, they found significant 

improvements in FACT-G, FACT-B, social wellbeing, functional wellbeing, and the breast 

cancer subscale score compared to the control (Daley et al., 2007). In a similar cancer-specific 

QOL instrument (EORTC QLQ-C30), Herrero et al. (2006) observed improvements in global 

QOL and the physical function domain following 8 weeks of a combined aerobic and resistance 

training intervention completed 3 times per week.  

 Surprisingly, the same study mentioned above that reported improvements in SF-36 

measures following 6-12 weeks of Iyengar yoga, did not see significant improvements in FACT-

B scores (Speed-Andrews et al., 2010); however, they did find that the FACT-B total score and 

physical, functional, and emotional well-being domains showed minimally important differences, 

thus changes in these measures were clinically meaningful. Danhauer et al. (2009) reported no 
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significant changes in FACT-B scores and fatigue scores following a 10-week restorative yoga 

intervention, although they did find that adherence to the program produced clinically relevant 

changes in these scores. Littman et al. (2012) also found that adherence to a 6-month viniyoga 

program in BCS impacted changes in QOL. While they did not find significant differences 

between the yoga group and the control in QOL and fatigue assessed via the FACT-B and 

FACIT-F, those who attended at least 24 sessions (approximately one class per week) over the 

six months had a significantly greater breast cancer subscale score by the end of the program 

compared to the control. Two systematic reviews that assessed the effects of yoga interventions 

on multiple health outcomes in BCS (Harder, Parlour, & Jenkins, 2012) and fatigue in cancer 

patients (Sadja & Mills, 2013) suggest that yoga may have a neutral or positive effect on QOL 

and fatigue; however, adherence to the program was a major factor related to changes in QOL 

and fatigue in cancer patients. 

 Overall, the results of this present study parallel or exceed positive findings from 

previous studies that have examined the effects of resistance training or yoga on QOL in BCS. 

All participants experienced improvements in overall QOL, fatigue, and in breast-cancer related 

concerns. Adherence to both the FIT and yin yoga groups was high at 86.6% and 84.4%, 

respectively, among participants who completed the study, with the lowest percent attendance 

being 56.25%. Therefore, the high adherence to the twice-weekly training sessions may have 

also contributed to the positive changes observed in QOL and fatigue in our population. These 

findings highlight that programs of higher intensity such as FIT and those that require minimal 

effort such as yin yoga can both have beneficial effects on QOL and fatigue in BCS. This 

demonstrates the importance of providing training programs of varying intensities and formats 
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that accommodate the varied physical and functional needs of BCS to help improve QOL and 

fatigue as well as minimize breast cancer-related symptoms. 

This research study has several strengths including the supervised training sessions, 

innovation of the FIT program, ease of program implementation in a non-clinical setting without 

expensive equipment, use of objective measures to assess physical function, and utilization of the 

Tendo power analyzer to measure sit-to-stand performance. In addition, the group-based classes 

mimicked the environment that participants would experience in a group exercise class at a gym 

or fitness facility. While many studies often refer to their training programs as ‘group exercise’ 

because the participants are being trained in a group, the protocols do not always represent what 

would take place in a formal group exercise class. Aspects of a group exercise class generally 

include music set to a specific BPM, movements performed with the beat of the music, 

interaction among participants and with the instructor during the class, and an instructor who 

leads the group through counting, cueing, and demonstration. Therefore, results of this study 

contribute to the limited research on group exercise interventions in BCS. 

 There are some limitations to this study. First, the small sample size of participants who 

completed the study may have decreased the power to detect significant differences in some of 

our measures. While 45 participants were recruited, we were only able to obtain 24-week 

measures on the 32 participants who completed the study, thus decreasing the likelihood of 

observing true changes in our outcomes. Second, training variable such as technique, range of 

motion, effort, speed, and jump height were difficult to control. While all participants completed 

the same exercises and movements, there was variation in exercise form, range of motion, jump 

height, and the speed at which they performed the movements during the timed portions. 

Therefore, results for the FIT program may be more related an individual’s functional ability and 
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amount of effort put into the training program as opposed to a resistance training intervention on 

machines where more variables can be controlled. Perhaps introducing the FIT program to a 

younger group of BCS who may have a higher capacity for high impact movements would result 

in greater improvements in body composition and BMD. The third limitation of the study is the 

lack of a true control group in which to compare the FIT protocol. While the yin yoga group did 

not perform any strength or weight-bearing activities, the yin yoga postures still enhanced 

strength and physical function. Therefore, adding an additional control group that did not 

participate in any intervention would strengthen the study, allowing a comparison between those 

who performed high impact training, yin yoga, and no exercise at all; however, since we know 

that physical inactivity can accelerate losses in muscle mass, strength, physical function, and 

QOL, having a non-exercise control group in a population that is more susceptible to these losses 

would be considered unethical.   

 

Conclusion 

 

 Our findings demonstrate that both the FIT and yin yoga programs were well tolerated 

among participants in the study, with only three participants requiring some modifications for the 

high impact exercises and one dropping out of the study due to program difficulty. None of the 

participants experienced any adverse effects from the training programs and arm volume 

measurements demonstrated that the programs did not induce lymphedema-related symptoms. 

The results from this study did not fully support our hypotheses that BCS participating in FIT 

would have improvements in body composition, BMD, blood biomarkers for bone, lower body 

strength, and physical function compared to BCS participating in yin yoga. While the FIT group 

experienced improvements in upper body strength compared to the yin yoga group, which is in 

support of our hypothesis, we did not see differences over time for any other measures. The 
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ability of the FIT protocol to improve upper body strength is an especially important finding as 

BCS are particularly susceptible to losses in upper body strength due to cancer treatments. Both 

groups experienced increases in lower body strength and physical function in response to the 24-

week interventions. In addition, our results support the hypothesis that both the FIT and yin yoga 

groups would have improvements in QOL and fatigue. 

 While FIT was not effective in improving body composition, BMD, or biomarkers for 

bone metabolism compare to the yin yoga group, the reason may have been due to the low 

weight of the dumbbells as well as the low frequency and short duration of the program. 

Therefore, additional research is needed to examine if a longer and higher intensity FIT program 

could elicit positive changes in body composition and bone in BCS. Nonetheless, the ability of 

both programs to maintain lean mass, fat mass, and BMD at most regional sites is encouraging 

for BCS who are more susceptible to negative changes in these measures. The increases in 

strength, physical function, and QOL along with decreases in fatigue levels experienced by 

participants in both groups show that both the FIT and yin yoga programs can produce beneficial 

outcomes for BCS. Therefore, FIT may be a viable option for BCS who prefer a social exercise 

environment or functional high impact alternative to the traditional weight room environment. 

On the other hand, yin yoga may be a valuable alternative to higher intensity exercise modes for 

BCS who are currently undergoing or have recently completed treatment and require a program 

of lower impact or intensity.  

 Findings from this study indicate a need for more research on FIT and low-impact yoga 

interventions in BCS. Future research should focus on implementing high impact training 

protocols with greater resistance and frequency for a longer period of time to examine if 

improvements in body composition and BMD can be obtained. In addition, more research is 
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needed to investigate the effects of long-term yoga practice in BCS. While the interventions used 

in this study did not result in improvements in body composition or maintenance of BMD to the 

extent that is reported in some other resistance training studies in BCS, this study provides 

support for the benefits of alternative modes of exercise beyond traditional weight room training. 

With adherence to an exercise or yoga program being one of the main factors affecting physical 

and QOL outcomes, finding beneficial alternatives to the traditional weight room setting is a 

critical piece in promoting exercise adherence in BCS who may need guidance from an 

instructor, social support, and motivation.  
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its meeting on 09/14/2016. Your project was approved by the Committee. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except 

to weigh the risk to the human participants and the aspects of the proposal related to potential 

mailto:lpanton@admin.fsu.edu
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risk and benefit. This approval does not replace any departmental or other approvals, which 

may be required. 

 

If you submitted a proposed consent form with your application, the approved stamped consent 

form is attached to this approval notice. Only the stamped version of the consent form may be 

used in recruiting research subjects. 

 

If the project has not been completed by 9/13/2017 you must request a renewal of approval for 

continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 

expiration date; however, it is your responsibility as the Principal Investigator to timely request 

renewal of your approval from the Committee. 

 

You are advised that any change in protocol for this project must be reviewed and approved 

by the Committee prior to implementation of the proposed change in the protocol. A protocol 

change/amendment form is required to be submitted for approval by the Committee. In 

addition, federal regulations require that the Principal Investigator promptly report, in writing 

any unanticipated problems or adverse events involving risks to research subjects or others.  

By copy of this memorandum, the Chair of your department and/or your major professor is 

reminded that he/she is responsible for being informed concerning research projects involving 

human subjects in the department, and should review protocols as often as needed to insure 

that the project is being conducted in compliance with our institution and with DHHS 

regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. 

The Assurance Number is FWA00000168/IRB number IRB00000446. 

 

Cc: Lynn Panton, 

Advisor HSC No. 

2016.19089 
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The Florida State University 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673, FAX (850) 644-4392 

 

RE-APPROVAL 

MEMORANDUM Date: 8/10/2017 

 
To: Ashley Artese [ala13b@my.fsu.edu] 

 
Address: 120 Convocation Way 

Dept.: NUTRITION FOOD AND EXERCISE SCIENCES 

 
From: Thomas L. Jacobson, Chair 

 
Re: Re-approval of Use of Human subjects in Research  
The Effects of Functional Impact Training and Yin Yoga on Body Composition in Breast Cancer 
Survivors 

 

Your request to continue the research project listed above involving human subjects has 
been approved by the Human Subjects Committee. If your project has not been completed 
by 8/8/2018, you must request renewed approval by the Committee. 

 

If you submitted a proposed consent form with your renewal request, the approved stamped 

consent form is attached to this re-approval notice. Only the stamped version of the consent form 

may be used in recruiting of research subjects. You are reminded that any change in protocol for 

this project must be reviewed and approved by the Committee prior to implementation of the 

proposed change in the protocol. A protocol change/amendment form is required to be submitted 

for approval by the Committee. In addition, federal regulations require that the Principal 

Investigator promptly report in writing, any unanticipated problems or adverse events involving 

risks to research subjects or others. 

 
By copy of this memorandum, the Chair of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving 

human subjects in their department. They are advised to review the protocols as often as 
necessary to insure that the project is being conducted in compliance with our institution 

and with DHHS regulations. 

 

Cc: Lynn Panton, Advisor 
[lpanton@admin.fsu.edu] HSC No. 2017.21640 
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APPENDIX B 

 

APPROVED INFORMED CONSENT 
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APPENDIX C 

 

MEDICAL HISTORY QUESTIONNAIRE 

 

 
CONTACT INFORMATION 

 
Name:     
Home phone        
Office phone or cell phone         
 

 
PERSONAL INFORMATION 
 
Age ________   Date of birth         _____/_____/_____ 
       Month   Day    Year 
 
Race ____ White 
 ____ Black 
 ____ Asian 
 ____ Hispanic 
 ____ Other: _______________ 
 
Are you currently involved in an exercise program?  N____  Y____  If yes, please describe (Include 

days/week, intensity, types of exercise) 

  
 __________________________________________________________________ 
 
 __________________________________________________________________ 
 
 __________________________________________________________________ 
 

EMERGENCY INFORMATION 

 
Individual to be contacted in the event of an emergency: 
 
Name:     
 
Relationship to you:     
 
Home phone    
MEDICAL HISTORY FORM 
 
Primary oncologist: Name:           
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 Address and City:            
 Phone:     
 
 
Primary Care Physician: Name:          
      
 Address and City:            
 Phone:    
 
 
Do you:   Smoke? __________    Packs per day __________   # Years smoked ____________ 
 
  Drink Alcohol?  __________  Drinks per day __________ 
 
 
List any allergies you have to drugs, food or other items: 
 
_____________________________________________________________________________________________ 
 
_____________________________________________________________________________________________ 
 
List medications and/or vitamins or supplements you are taking: 
 
Name of drug/supplement Dosage Times/day Duration of drug/supplement use 
  
 
          
       
         
 
         
 
         
 
         
 
 
 

Cancer History 

 

 Diagnosis (stage, affected side): 

_________________________________________________________________________________________ 

_________________________________________________________________________________________ 

_________________________________________________________________________________________ 

 Date of diagnoses: __________________________________________________________________________  

 Types of TX: (surgery, radiation, chemotherapy, hormone therapy) 
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_________________________________________________________________________________________ 

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________ 

 Beginning and ending dates of each treatment: 

_________________________________________________________________________________________

_________________________________________________________________________________________

_________________________________________________________________________________________ 

_________________________________________________________________________________________ 

_________________________________________________________________________________________ 

_________________________________________________________________________________________ 

 Menopausal Age: (Natural or Treatment induced) 

_________________________________________________________ 

 Additional Concerns/Information: 

_________________________________________________________________________________________

_________________________________________________________________________________________ 

_________________________________________________________________________________________ 

_________________________________________________________________________________________ 

 

     

 

OTHER MEDICAL PROBLEMS: Indicate if you have had any of the following medical problems: 

 Past    Now 
 ____  ____  Alcoholism 
 ____  ____ Anemia 
 ____  ____ Arthritis 
 ____  ____ Asthma 
 ____  ____ Back injury or problem 
 ____  ____ Blood clots 
 ____  ____ Bronchitis 
 ____  ____ Chest pain 
 ____  ____ Cirrhosis 
 ____  ____ Claudication 
 ____  ____ Diabetes 
 ____  ____ Elbow or shoulder problems 
 ____  ____ Emotional disorder 
 ____  ____ Eye problems 
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 ____  ____ Gall bladder disease 
 ____  ____ Glaucoma 
 ____  ____ Gout 
 ____  ____ Headaches 
 ____  ____ Heart Attack 
 ____  ____ Heart Disease 
 ____  ____ Hemorrhoids 
 ____  ____ Hernia 
 ____  ____ Hip, knee, or ankle problems 
 ____  ____ Hypertension 
 ____  ____ Intestinal disorders 
 ____  ____ Kidney disease 
 ____  ____ Liver disease 
 ____  ____ Lung disease 
 ____  ____ Mental illness 
 ____  ____ Neck injury or problem 
 ____  ____ Neuralgic disorder 
 ____  ____ OB/GYN problems 
 ____  ____ Obesity/overweight 
 ____  ____ Osteoporosis 
 ____  ____ Parkinson's disease 
 ____  ____ Phlebitis 
 ____  ____ Prostate trouble 
 ____  ____ Rheumatic fever 
 ____  ____ Seizure disorder 
 ____  ____ Stomach disease 
 ____  ____ Stroke 
 ____  ____ Thyroid disease 
 ____  ____ Ulcers 
 ____  ____               Other - specify: ________________ 
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Research Project Availability 
 

Please mark your availability for Functional Impact Training or yoga. Choose all dates/times that 
accommodate you.  

Preferably, choose a combination of Monday/Thursday or Tuesday/Friday at your ideal times.  
Training sessions will last approximately 45-60 minutes. 

 

 MONDAY TUESDAY WEDNESDAY 

(make-up day) 

THURSDAY FRIDAY SATURDAY 

(make-up day) 

<8:00 am*       

8:00 am       

9:00 am       

10:00 am       

11:00 am       

Noon       

1:00 pm       

2:00 pm       

3:00 pm       

4:00 pm       

5:00 pm       

6:00 pm       

>6:00 pm*       

*Please indicate what time specifically would best accommodate you 
Potential Start Date 
Please circle two dates indicating an ideal range in which you would like to begin the study. 
 

 

 

 

 

 

 

 
 
 
 

Please indicate any dates that you will not be available for exercise training: 

_____________________________________________________________________________ 
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1. Have you ever belonged to a fitness center? 
 
 

If yes, how long? 
 
 
 

What activities did you do when you went to the fitness center? 
 
 
 

How many days a week did you go? How long did you stay for each session? 
 
 
 
2. Why did you join the fitness center? 
 
 
 
 Did you achieve your goals? Why or why not? 
 
 
 
3. What areas of the fitness center did you feel most comfortable using? 
 
 
 
 
4. What areas of the fitness center did you enjoy using the most? 
 
 
 
4. What areas did you feel least comfortable using? 
 
 
 
 
5. Why did you discontinue your membership? 
 
 
 
6. What could have made your experience better at the facility? 
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APPENDIX D 

 

PHYSICIAN CONSENT FORM 

 

 
Florida State University 

Dept. of Nutrition, Food & Exercise Sciences 

Tallahassee, FL 32306 

(850) 644-4685 

A patient of yours,______________________, has expressed an interest in taking part in a 

research project sponsored by the Department of Nutrition, Food and Exercise Sciences at 

Florida State University. The purpose of this form is to make you, the physician, aware that the 

above individual wishes to participate in a study that will entail some physical exertion. Please 

see attached informed consent. We would like your input as to whether the patient may have an 

underlying condition that would be contraindicated for participation in this study. 

 

1. Does this individual have any physical limitations/conditions which you feel warrants the 

complete exclusion of testing (yes/no)? 

 

 

2. Does this individual have any physical limitations/conditions which you feel warrants limiting 

or modifying the testing session (yes/no)? If so, please explain: 

 

 

3. Additional Comments: 

 

 

If you have any questions or concerns pertaining to this form and/or your patient's participation 

in the research project please feel free to contact me at 644-4685. 

 

Thank you for your assistance. 

 

Physician's Signature: __________________________________     Date: __________________ 

 

Please mail the completed form or fax: Lynn B. Panton, Ph.D. 

 

Lynn B. Panton, Ph.D. 

436 Sandels Building 

Florida State University 

Tallahassee, FL 32306 

Fax: (850) 645-5000 

 

 

 

 



170 

APPENDIX E 

 

QUESTIONNAIRES 
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APPENDIX F 

 

PEDOMETER LOG 

 

 
Pedometer Log 

Day 1 Date:_______________________ 

Time pedometer was put on:______________   Time pedometer was taken of:______________ 

Was the pedometer worn today? __________ If yes, how many steps? ____________________ 

Was the pedometer removed during the day (for example, for swimming, showering, etc)? ____ 

If yes, how long was the pedometer take off?_________________________________________ 

What general activities did you do today and for how long? _____________________________ 

______________________________________________________________________________ 

 

Day 2 Date:_______________________ 

Time pedometer was put on:______________   Time pedometer was taken of:______________ 

Was the pedometer worn today? __________ If yes, how many steps? ____________________ 

Was the pedometer removed during the day (for example, for swimming, showering, etc)? ____ 

If yes, how long was the pedometer take off?_________________________________________ 

What general activities did you do today and for how long? _____________________________ 

______________________________________________________________________________ 

 

Day 3 Date:_______________________ 

Time pedometer was put on:______________   Time pedometer was taken of:______________ 

Was the pedometer worn today? __________ If yes, how many steps? ____________________ 

Was the pedometer removed during the day (for example, for swimming, showering, etc)? ____ 

If yes, how long was the pedometer take off?_________________________________________ 

What general activities did you do today and for how long? _____________________________ 

______________________________________________________________________________ 

 

Day 4 Date:_______________________ 

Time pedometer was put on:______________   Time pedometer was taken of:______________ 

Was the pedometer worn today? __________ If yes, how many steps? ____________________ 

Was the pedometer removed during the day (for example, for swimming, showering, etc)? ____ 

If yes, how long was the pedometer take off?_________________________________________ 

What general activities did you do today and for how long? _____________________________ 

______________________________________________________________________________ 

 

Day 5 Date:_______________________ 

Time pedometer was put on:______________   Time pedometer was taken of:______________ 
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Was the pedometer worn today? __________ If yes, how many steps? ____________________ 

Was the pedometer removed during the day (for example, for swimming, showering, etc)? ____ 

If yes, how long was the pedometer take off?_________________________________________ 

What general activities did you do today and for how long? _____________________________ 

______________________________________________________________________________ 

 

Day 6 Date:_______________________ 

Time pedometer was put on:______________   Time pedometer was taken of:______________ 

Was the pedometer worn today? __________ If yes, how many steps? ____________________ 

Was the pedometer removed during the day (for example, for swimming, showering, etc)? ____ 

If yes, how long was the pedometer take off?_________________________________________ 

What general activities did you do today and for how long? _____________________________ 

______________________________________________________________________________ 

 

Day 7 Date:_______________________ 

Time pedometer was put on:______________   Time pedometer was taken of:______________ 

Was the pedometer worn today? __________ If yes, how many steps? ____________________ 

Was the pedometer removed during the day (for example, for swimming, showering, etc)? ____ 

If yes, how long was the pedometer take off?_________________________________________ 

What general activities did you do today and for how long? _____________________________ 

______________________________________________________________________________ 
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APPENDIX G 

 

FUNCTIONAL IMPACT TRAINING PROTOCOL 
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APPENDIX H 

 

YIN YOGA PROTOCOL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



181 

REFERENCES 

 

 
Aagaard, P., Magnusson, P. S. ., Larsson, B., KJÆR, M., & Krustrup, P. (2007). Mechanical 

muscle function, morphology, and fiber type in lifelong trained elderly. Medicine & Science 

in Sports & Exercise, 39(11), 1989–1996. 

 

Abel, E. D., Kaulbach, H. C., Tian, R., Hopkins, J. C. A., Duffy, J., Doetschman, T., … Kahn, B. 

B. (1999). Cardiac hypertrophy with preserved contractile function after selective deletion 

of GLUT4 from the heart. Journal of Clinical Investigation, 104(12), 1703–1714. 

 

Abrams, J., Aisner, J., Cirrincione, C., Berry, D. A., Muss, H. B., Cooper, M. R., … Norton, L. 

(1999). Dose-response trial of megestrol acetate in advanced breast cancer: cancer and 

leukemia group B phase III study 8741. Journal of Clinical Oncology, 17(1), 64–73.  

 

Addison, O., LaStayo, P. C., Dibble, L. E., & Marcus, R. L. (2012). Inflammation, Aging, and 

Adiposity. Journal of Geriatric Physical Therapy, 35(2), 86–94.  

 

Ades, P. A., Savage, P. D., Cress, M. E., Brochu, M., Lee, N. M., & Pehlman, E. T. (2003). 

Resistance training on physical performance in disabled older female cardiac patients. 

Medicine & Science in Sports & Exercise, 35(8), 1265–1270. 

 

Afzelius, P., Garding, M., & Molsted, S. (2017). Dual-energy x-ray absorptiometry of both hips 

helps appropriate diagnosis of low bone mineral density and osteoporosis. Diagnostics, 

7(3), 41. 

 

Alele, J. D., Kamen, D. L., Hermayer, K. L., Fernandes, J., Soule, J., Ebeling, M., & Hulsey, T. 

C. (2009). The prevalence of significant left – right hip bone mineral density differences 

among black and white women. Osteoporosis International, 20, 2079–2085. 

 

American Cancer society. (2016). How is chemotherapy used to treat cancer? Retrieved April 17, 

2017, from https://www.cancer.org/treatment/treatments-and-side-effects/treatment-

types/chemotherapy/how-is-chemotherapy-used-to-treat-cancer.html 

 

American Cancer Society. (2014). Cancer Treatment and Survivorship Facts & Figures 2014-

2015. Atlanta. 

 

Ames, B. N., Shigenaga, M. K., & Hagen, T. M. (1993). Oxidants, antioxidants, and the 

degenerative diseases of aging. Proceedings of the National Academy of Sciences of the 

United States of America, 90(17), 7915–7922. 

 

Amir, M., & Ramati, A. (2002). Post-traumatic symptoms, emotional distress and quality of life 

in long-term survivors of breast cancer: A preliminary research. Journal of Anxiety 

Disorders, 16(2), 195–206. 

 

Andersson, A.-M., Olsen, M., Zhernosekov, D., Gaardsvoll, H., Krog, L., Linnemann, D., & 



182 

Bock, E. (1993). Age-related changes in expression of the neural cell adhesion molecule in 

skeletal muscle: a comparative study of newborn, adult and aged rats. The Biochemical 

Journal, 290(3), 641–648. 

 

Andysz, A., Merecz, D., Wójcik, A., Świątkowska, B., Sierocka, K., & Najder, A. (2014). Effect 

of a 10-week yoga programme on the quality of life of women after breast cancer surgery. 

Przegla̜d Menopauzalny, 13(3), 186–93. 

 

Apovian, C. M., Frey, C. M., Wood, G. C., Rogers, J. Z., Still, C. D., & Jensen, G. L. (2002). 

Body mass index and physical function in older women. Obesity Research, 10(8), 740–747. 

 

Arciero, P. J., Baur, D., Connelly, S., & Ormsbee, M. J. (2014). Timed-daily ingestion of whey 

protein and exercise training reduces visceral adipose tissue mass and improves insulin 

resistance: the PRISE study. Journal of Applied Physiology, 117(1), 1–10. 

 

Artese, A. L., Simonavice, E., Madzima, T. A., Kim, J.-S., Arjmandi, B. H., Ilich, J. Z., & 

Panton, L. B. (2018). Body composition and bone mineral density in breast cancer survivors 

and non-cancer controls: A 12- to 15-month follow-up. European Journal of Cancer Care, 

27(2), e12824. 

 

Aslani, A., Smith, R. C., Allen, B. J., & Levi, J. A. (1998). Changes in body composition during 

adjuvant chemotherapy for breast cancer. Applied Radiation and Isotopes, 49(5), 637–638. 

 

Auyeung, T. W., Lee, J. S. W., Leung, J., Kwok, T., & Woo, J. (2013). Adiposity to muscle ratio 

predicts incident physical limitation in a cohort of 3,153 older adults-An alternative 

measurement of sarcopenia and sarcopenic obesity. Age, 35(4), 1377–1385. 

 

Bailey, R. L., Dodd, K. W., Goldman, J. A., Gahche, J. J., Dwyer, J. T., Moshfegh, A. J., … 

Picciano, M. F. (2010). Estimation of total usual calcium and vitamin D intakes in the 

United States. The Journal of Nutrition, 140(4), 817–822. 

 

Balagopal, P., Rooyackers, O. E., Adey, D. B., Ades, P. A., & Nair, K. S. (1997). Effects of 

aging on in vivo synthesis of skeletal muscle myosin heavy-chain and sarcoplasmic protein 

in humans. The American Journal of Physiology-Endocrinology And Metabolism, 273(4), 

E790–E800. 

 

Balagopal, P., Schimke, J. C., Ades, P., Adey, D., & Nair, K. S. (2001). Age effect on transcript 

levels and synthesis rate of muscle MHC and response to resistance exercise. American 

Journal of Physiology. Endocrinology and Metabolism, 280(2), E203–E208. 

 

Bartke, A. (2008). Growth hormone and aging: A challenging controversy. Clinical Interventions 

in Aging, 3(4), 659–665. 

 

Batista, L. H., Vilar, A. C., Ferreira, J. J., Rebelatto, J. R., & Salvini, T. F. (2009). Active 

stretching improves flexibility, joint torque, and functional mobility in older women. 

American Journal of Physical Medicine and Rehabilitation, 88(10), 815–822. 



183 

Battaglini, C., Bottaro, M., Dennehy, C., Rae, L., Shields, E., Kirk, D., & Hackney, A. (2007). 

The effects of an individualized exercise intervention on body composition in breast cancer 

patients undergoing treatment. Sao Paulo Medical Journal, 125(1), 22–28. 

 

Baumgartner, R. N., Koehler, K. M., Gallagher, D., Romero, L., Heymsfield, S. B., Ross, R. R., 

… Lindeman, R. D. (1998). Epidemiology of sarcopenia among the elderly in New Mexico. 

American Journal of Epidemiology, 147(8), 755–763. 

 

Beckman, K. B., & Ames, B. N. (1998). The Free Radical Theory of Aging matures. 

Physiological Reviews, 78(2), 547–581. 

 

Bellury, L., Pett, M. A., Ellington, L., Beck, S. L., Clark, J. C., & Stein, K. D. (2012). The effect 

of aging and cancer on the symptom experience and physical function of elderly breast 

cancer survivors. Cancer, 118(24), 6171–6178. 

 

Benton, M. J., Schlairet, M. C., & Gibson, D. R. (2014). Change in quality of life among breast 

cancer survivors after resistance training: is there an effect of age? Journal of Aging and 

Physical Activity, 22(2), 178–185. 

 

Bines, J., Oleske, D. M., & Cobleigh, M. A. (1996). Ovarian function in premenopausal women 

treated with adjuvant chemotherapy for breast cancer. Journal of Clinical Oncology, 14(5), 

1718–1729. 

 

Biolo, G., Ciocchi, B., Lebenstedt, M., Barazzoni, R., Zanetti, M., Platen, P., … Guarnieri, G. 

(2004). Short-term bed rest impairs amino acid-induced protein anabolism in humans. The 

Journal of Physiology, 558(2), 381–388. 

 

Blair, S. N., & Brodney, S. (1999). Effects of physical inactivity and obesity on morbidity and 

mortality: Current evidence and research issues. Medicine and Science in Sports and 

Exercise, 31(11 Suppl), S646-662. 

 

Bloechl-Daum, B., Deuson, R. R., Mavros, P., Hansen, M., & Herrstedt, J. (2006). Delayed 

nausea and vomiting continue to reduce patients’ quality of life after highly and moderately 

emetogenic chemotherapy despite antiemetic treatment. Journal of Clinical Oncology, 

24(27), 4472–4478. 

 

Boehme, S. A., Lio, F. M., Sikora, L., Pandit, T. S., Lavrador, K., Rao, S. P., & Sriramarao, P. 

(2004). Cutting edge: Serotonin is a chemotactic factor for eosinophils and functions 

additively with eotaxin. Journal of Immunology, 173(6), 3599–3603. 

 

Bonadonna, G., Valagussa, P., Rossi, A., Tancini, G., Brambilla, C., Zambetti, M., & Veronesi, 

U. (1985). Ten-year experience with CMF-based adjuvant chemotherapy in resectable 

breast cancer. Breast Cancer Research and Treatment, 5(2), 95–115. 

 

Bonifati, D. M., Ori, C., Rossi, C. R., Caira, S., Fanin, M., & Angelini, C. (2000). 

Neuromuscular damage after hyperthermic isolated limb perfusion in patients with 



184 

melanoma or sarcoma treated with chemotherapeutic agents. Cancer Chemotherapy and 

Pharmacology, 46(6), 517–22. 

 

Booth, F. W., Laye, M. J., & Roberts, M. D. (2011). Lifetime sedentary living accelerates some 

aspects of secondary aging. Journal of Applied Physiology, 111(5), 1497–1504. 

 

Bower, J. E., Ganz, P. A., Desmond, K. A., Bernaards, C., Rowland, J. H., Meyerowitz, B. E., & 

Belin, T. R. (2006). Fatigue in long-term breast carcinoma survivors: A longitudinal 

investigation. Cancer, 106(4), 751–8. 

 

Bower, J. E., Garet, D., Sternlieb, B., Ganz, P. A., Irwin, M. R., Olmstead, R., & Greendale, G. 

(2012). Yoga for persistent fatigue in breast cancer survivors: A randomized controlled trial. 

Cancer, 118(15), 3766–3775. 

 

Boyne, P., Dunning, K., Carl, D., Gerson, M., Khoury, J., & Kissela, B. (2013). High-intensity 

interval training in stroke rehabilitation. Topics in Stroke Rehabilitation, 20(4), 317–330. 

 

Brack, A. S., Bildsoe, H., & Hughes, S. M. (2005). Evidence that satellite cell decrement 

contributes to preferential decline in nuclear number from large fibres during murine age-

related muscle atrophy. Journal of Cell Science, 118(20), 4813–4821. 

 

Brady, M. J., Cella, D. F., Mo, F., Bonomi, A. E., Tulsky, D. S., Lloyd, S. R., … Shiomoto, G. 

(1997). Reliability and validity of the Functional Assessment of Cancer Therapy-Breast 

quality-of-life instrument. Journal of Clinical Oncology, 15(3), 974–986. 

 

Braun, S. I., Kim, Y., Jetton, A. E., Kang, M., & Morgan, D. W. (2015). Prediction of bone 

mineral density and content from measures of physical activity and sedentary behavior in 

younger and older females. Preventive Medicine Reports, 2, 300–305. 

 

Brown, J. C., & Schmitz, K. H. (2015). Weight lifting and appendicular skeletal muscle mass 

among breast cancer survivors: A randomized controlled trial. Breast Cancer Research and 

Treatment, 151(2), 385–392. 

 

Brucker, P. S., Yost, K., Cashy, J., Webster, K., & Cella, D. (2005). General population and 

cancer patient norms for the functional assessment of cancer therapy-general (FACT-G). 

Evaluation and the Health Professions, 28(2), 192–211. 

 

Buffart, L. M., van Uffelen, J. G. Z., Riphagen, I. I., Brug, J., van Mechelen, W., Brown, W. J., 

& Chinapaw, M. J. M. (2012). Physical and psychosocial benefits of yoga in cancer patients 

and survivors, a systematic review and meta-analysis of randomized controlled trials. BMC 

Cancer, 12, 559. 

 

Burd, N. A., West, D. W. D., Moore, D. R., Atherton, P. J., Staples, A. W., Prior, T., … Phillips, 

S. M. (2011). Enhanced amino acid sensitivity of myofibrillar protein synthesis persists for 

up to 24 h after resistance exercise in young men. The Journal of Nutrition, 141(4), 568–

573. 



185 

Burgess, C., Cornelius, V., Love, S., Graham, J., Richards, M., & Ramirez, A. (2005). 

Depression and anxiety in women with early breast cancer: Five year observational cohort 

study. BMJ, 330(7493), 702. 

 

Burgomaster, K. A., Hughes, S. C., Heigenhauser, G. J. F., Bradwell, S. N., & Gibala, M. J. 

(2005). Six sessions of sprint interval training increases muscle oxidative potential and 

cycle endurance capacity in humans. Journal of Applied Physiology, 98(6), 1985–1990. 

 

Burstein, H., & Winer, E. P. (2000). Primary care for survivors of breast cancer. The New 

England Journal of Medicine, 344(15), 1086–1094. 

 

Conboy, I. M., Conboy, M. J., & Wagers, A. J. (2005). Rejuvenation of aged progenitor cells by 

exposure to a young systemic environment, 433(February). 

 

Caan, B. J., Emond, J. A., Natarajan, L., Castillo, A., Gunderson, E. P., Habel, L., … Pierce, J. P. 

(2006). Post-diagnosis weight gain and breast cancer recurrence in women with early stage 

breast cancer. Breast Cancer Research and Treatment, 99(1), 47–57.  

 

Cadmus, L., Salovey, P., Yu, H., Chung, G., Kasi, S., & Irwin, M. L. (2009). Exercise and 

quality of life during and after treatment for breast cancer: Results of two randomized 

controlled trials. Psychooncology, 18(4), 343–352. 

 

Camacho, P. M., Petak, S. M., Binkley, N., Clarke, B. L., Harris, S. T., Hurley, D. L., … Watts, 

N. B. (2016). American Association of Clinical Endocrinologists and American College of 

Endocrinology Clinical Practice guidelines for the diagnosis and treatment of 

postmenopausal osteoporosis—2016. Endocrine Practice, 22(4), 1–42. 

 

Camoriano, J. K., Loprinzi, C. L., Ingle, J. N., Therneau, T. M., Krook, J. E., & Veeder, M. H. 

(1990). Weight change in women treated with adjuvant therapy or observed following 

mastectomy for node-positive breast cancer. Journal of Clinical Oncology, 8(8), 1327–

1334. 

 

Campbell, K. L., Lane, K., Martin, A. D., Gelmon, K. A., & McKenzie, D. C. (2007). Resting 

energy expenditure and body chemotherapy for breast cancer. Cancer Nursing, 30(2), 95–

100. 

 

Cappola, A. R., Bandeen-Roche, K., Wand, G. S., Volpato, S., & Fried, L. P. (2001). Association 

of IGF-I levels with muscle strength and mobility in older women. The Journal of Clinical 

Endocrinology & Metabolism, 86(9), 4139–4146. 

 

Cappola, A. R., Ratcliffe, S. J., Bhasin, S., Blackman, M. R., Cauley, J., Robbins, J., … Fried, L. 

P. (2007). Determinants of serum total and free testosterone levels in women over the age of 

65 years. The Journal of Clinical Endocrinology & Metabolism, 92(2), 509–516. 

 

 

 



186 

Carlson, B. M., Billington, L., & Faulkner, J. (1996). Studies on the regenerative recovery of 

long-term denervated muscle in rats. Restorative Neurology and Neuroscience, 10(2), 77–

84.  

 

Carlson, B. M., Dedkov, E. I., Borisov,  a. B., & Faulkner, J. a. (2001). Skeletal Muscle 

Regeneration in Very Old Rats. The Journals of Gerontology Series A: Biological Sciences 

and Medical Sciences, 56(5), B224–B233. http://doi.org/10.1093/gerona/56.5.B224 

 

Carmelli, D., McElroy, M. R., & Rosenman, R. H. (1991). Longitudinal changes in fat 

distribution in the Western Collaborative Group Study: a 23-year follow-up. International 

Journal of Obesity, 15(1), 67–74. Retrieved from = 

 

Cella, D., Lai, J.-S., Chang, C.-H., Peterman, A., & Slavin, M. (2002). Fatigue in cancer patients 

compared with fatigue in the general United States population. Cancer, 94(2), 528–538. 

 

Chang, C.-H., Chen, S.-J., & Liu, C.-Y. (2015). Fracture Risk and Adjuvant Therapies in Young 

Breast Cancer Patients: A Population-Based Study. Plos One, 10(6), e0130725. 

http://doi.org/10.1371/journal.pone.0130725 

 

Chargé, S. B. P., & Rudnicki, M. a. (2004). Cellular and molecular regulation of muscle 

regeneration. Physiological Reviews, 84(1), 209–38. 

http://doi.org/10.1152/physrev.00019.2003 

 

Charlton, K., Batterham, M., Langford, K., Lateo, J., Brock, E., Walton, K., … McLean, C. 

(2015). Lean body mass associated with upper body strength in healthy older adults while 

higher body fat limits lower extremity performance and endurance. Nutrients, 7(9), 7126–

7142. 

 

Chastin, S. F. M., Mandrichenko, O., Helbostadt, J. L., & Skelton, D. A. (2014). Associations 

between objectively-measured sedentary behaviour and physical activity with bone mineral 

density in adults and older adults, the NHANES study. Bone, 64, 254–262. 

 

Cheema, B. S. B., & Gaul, C. A. (2006). Full-body exercise training improves fitness and quality 

of life in survivors of breast cancer. Journal of Strength and Conditioning Research, 20(1), 

14–21. 

 

Chen, Z., Maricic, M., Pettinger, M., Ritenbaugh, C., Lopez, A. M., Barad, D. H., … Bassford, 

T. L. (2005). Osteoporosis and rate of bone loss among postmenopausal survivors of breast 

cancer. Cancer, 104(7), 1520–1530. 

 

Cheney, C. L., Mahloch, J., & Freeny, P. (1997). Computerized tomography assessment of 

women with weight changes associated with adjuvant treatment for breast cancer. The 

American Journal of Clinical Nutrition, 66(1), 141–146. 

 

Chlebowski, R. T., Weiner, J. M., Reynolds, R., Luce, J., Bulcavage, L., & Bateman, J. R. 

(1986). Long-term survival following relapse after 5-FU but not CMF adjuvant breast 



187 

cancer therapy. Breast Cancer Research and Treatment, 7(1), 23–30. 

 

Clarke, T. C., Norris, T., & Schiller, J. S. (2017). Early release of selected estimates based on 

data from the 2016 national health interview survey. National Center for Health Statistics. 

Retrieved from http://www.cdc.gov/nchs/nhis.htm 

 

Conde, D. M., Costa-Paiva, L., Martinez, E. Z., & Pinto-Neto, A. M. (2012). Bone mineral 

density in postmenopausal women with and without breast cancer. Revista Da Associação 

Médica Brasileira, 58(6), 673–678. 

 

Courneya, K. S., Segal, R. J., Mackey, J. R., Gelmon, K., Reid, R. D., Friedenreich, C. M., … 

McKenzie, D. C. (2007a). Effects of aerobic and resistance exercise in breast cancer 

patients receiving adjuvant chemotherapy: A multicenter randomized controlled trial. 

Journal of Clinical Oncology, 25(28), 4396–4404. 

 

Courneya, K. S., Segal, R. J., Mackey, J. R., Gelmon, K., Reid, R. D., Friedenreich, C. M., … 

McKenzie, D. C. (2007b). Effects of Aerobic and Resistance Exercise in Breast Cancer 

Patients Receiving Adjuvant Chemotherapy: A Multicenter Randomized Controlled Trial. 

Journal of Clinical Oncology, 25(28), 4396–4404. 

 

Covault, J., & Sanes, J. R. (1985). Neural cell adhesion molecule (N-CAM) accumulates in 

denervated and paralyzed skeletal muscles. Proceedings of the National Academy of 

Sciences of the United States of America, 82(13), 4544–4548. 

 

Cramer, H., Lange, S., Klose, P., Paul, A., & Dobos, G. (2012). Yoga for breast cancer patients 

and survivors: A systematic review and meta-analysis. BMC Cancer, 12, 412. 

 

Cramer, H., Ward, L., Steel, A., Lauche, R., Dobos, G., & Zhang, Y. (2016). Prevalence, 

patterns, and predictors of yoga use: Results of a U.S. Nationally Representative Survey. 

American Journal of Preventive Medicine, 50(2), 230–235. 

 

Cress, M. E., Buchner, D. M., Questad, K. A., Esselman, P. C., DeLateur, B. J., & Schwartz, R. 

S. (1996). Continuous-scale physical functional performance in healthy older adults: A 

validation study. Archives of Physical Medicine and Rehabilitation, 77, 1243–1250. 

 

Cress, M. E., Buchner, D. M., Questad, K. A., Esselman, P. C., DeLateur, B. J., & Schwartz, R. 

S. (1999). Exercise: Effects on physical functional performance in independent older adults. 

The Journals of Gerontology: Medical Sciences, 54A(5), M242–M248. 

 

Cruz-Jentoft, A. J., Baeyens, J. P., Bauer, J. M., Boirie, Y., Cederholm, T., Landi, F., … 

Zamboni, M. (2010). Sarcopenia: European consensus on definition and diagnosis: Report 

of the European Working Group on Sarcopenia in Older People. Age and Ageing, 39(4), 

412–423. 

 

 

 



188 

Culos-Reed, S. N., Carlson, L. E., Daroux, L. M., & Hately-Aldous, S. (2006). A pilot study of 

yoga for breast cancer survivors: Physical and psychological benefits. Psycho-Oncology, 

15(10), 891–897. 

 

Curt, G. A., Breitbart, W., Cella, D., Groopman, J. E., Horning, S. J., Itri, L. M., … Vogelzang, 

N. J. (2000). Impact of cancer-related fatigue on the lives of patients: New findings from the 

Fatigue Coalition. The Oncologist, 5(5), 353–360. 

 

Cuthbertson, D., Smith, K., Babraj, J., Leese, G., Waddell, T., Atherton, P., … Rennie, M. J. 

(2005). Anabolic signaling deficits underlie amino acid resistance of wasting, aging muscle. 

The FASEB Journal, 19(3), 422–424. 

 

Dąbrowska, J., Dąbrowska-Galas, M., Rutkowska, M., & Michalski, B. A. (2016). Twelve-week 

exercise training and the quality of life in menopausal women - clinical trial. Przeglad 

Menopauzalny, 15(1), 20–25. 

 

Daley, A. J., Crank, H., Saxton, J. M., Mutrie, N., Coleman, R., & Roalfe, A. (2007). 

Randomized trial of exercise therapy in women treated for breast cancer. Journal of Clinical 

Oncology, 25(13), 1713–1721. 

 

Dane, S., Akar, S., Hacibeyoglu, I., & Varoglu, E. (2001). Differences between right- and left-

femoral bone mineral densities in right- and left-handed men and women. The International 

Journal of Neuroscience, 111(3–4), 187–192. 

 

Danhauer, S. C., Mihalko, S. L., Russell, G. B., Campbell, C. R., Felder, L., Daley, K., & 

Levine, E. A. (2009). Restorative yoga for women with breast cancer: findings from a 

randomized pilot study. Psycho-Oncology, 18(4), 360–368. http://doi.org/10.1002/pon.1503 

 

Davis, S. R., Castelo-Branco, C., Chedraui, P., Lumsden, M. A., Nappi, R. E., Shah, D., & 

Villaseca, P. (2012). Understanding weight gain at menopause. Climacteric, 15(5), 419–

429. 

 

DeFronzo, R. A., & Tripathy, D. (2009). Skeletal muscle insulin resistance is the primary defect 

in type 2 diabetes. Diabetes Care, 32(Suppl. 2), S157–S163. 

 

Demark-Wahnfried, W., Hars, V., Conaway, M. R., Havlin, K., Rimer, B. K., McElveen, G., & 

Winer, E. P. (1997). Reduced rates of metabolism and decreased physical activity in breast 

cancer patients receiving adjuvant. American Journal of Clinical Nutrition, 65, 1495–1501. 

 

Demontiero, O., Vidal, C., & Duque, G. (2012). Aging and bone loss: new insights for the 

clinician. Therapeutic Advances in Musculoskeletal Disease, 4(2), 61–76.  

 

Desantis, C. E., Lin, C. C., Mariotto, A. B., Siegel, R. L., Stein, K. D., Kramer, J. L., … Jemal, 

A. (2014). Cancer treatment and survivorship statistics , 2014. CA: A Cancer Journal for 

Clinicians, 64, 252–271. 

 



189 

Deschenes, M. R. (2004). Effects of aging on muscle fibre type and size. Sports Medicine, 

34(12), 809–824. 

 

Devin, J. L., Sax, A. T., Hughes, G. I., Jenkins, D. G., Aitken, J. F., Chambers, S. K., … Skinner, 

T. L. (2016). The influence of high-intensity compared with moderate-intensity exercise 

training on cardiorespiratory fitness and body composition in colorectal cancer survivors: a 

randomised controlled trial. Journal of Cancer Survivorship, 10(3), 467–479. 

 

Dickinson, J. M., Volpi, E., & Rasmussen, B. B. (2013). Exercise and nutrition to target protein 

synthesis impairments in aging skeletal muscle. Exercise and Sport Sciences Reviews, 

41(4), 216–23. 

 

Dirks, A., & Leeuwenburgh, C. (2002). Apoptosis in skeletal muscle with aging. American 

Journal of Physiology. Regulatory, Integrative and Comparative Physiology, 282(2), R519–

R527. 

 

Dobek, J., Winters-Stone, K. M., Bennett, J. A., & Nail, L. (2014). Musculoskeletal changes 

after 1 year of exercise in older breast cancer survivors. Journal of Cancer Survivorship, 

8(2), 304–311. 

 

Doherty, T. J., Vandervoort, A. A., & Brown, W. F. (1993). Effects of ageing on the motor unit: 

A brief review. Canadian Journal of Applied Physiology, 18(4), 331–358. 

 

Dorval, M., Maunsell, E., Deschênes, L., Brisson, J., & Mâsse, B. (1998). Long-term quality of 

life after breast cancer: comparison of 8-year survivors with population controls. Journal of 

Clinical Oncology, 16(2), 487–494. 

 

Dreyer, H. C., Blanco, C. E., Sattler, F. R., Schroeder, E. T., & Wiswell, R. A. (2006). Satellite 

cell numbers in young and older men 24 hours after eccentric exercise. Muscle & Nerve, 

33(2), 242–253. 

 

Drummond, M. J., Dickinson, J. M., Fry, C. S., Walker, D. K., Gundermann, D. M., Reidy, P. T., 

… Volpi, E. (2012). Bed rest impairs skeletal muscle amino acid transporter expression, 

mTORC1 signaling, and protein synthesis in response to essential amino acids in older 

adults. American Journal of Physiology-Endocrinology and Metabolism, 302(9), E1113–

E1122. 

 

Du Clos, T. W. (2000). Function of C-reactive protein. Annals of Medicine, 32(4), 274–278. 

 

Duerschmied, D., Suidan, G. L., Demers, M., Herr, N., Carbo, C., Brill, A., … Wagner, D. D. 

(2013). Platelet serotonin promotes the recruitment of neutrophils to sites of acute 

inflammation in mice. Blood, 121(6), 1008–1015. 

 

 

 

 



190 

Eastell, R., Adams, J. E., Coleman, R. E., Howell, A., Hannon, R. A., Cuzick, J., … Clack, G. 

(2008). Effect of anastrozole on bone mineral density: 5-year results from the anastrozole, 

tamoxifen, alone or in combination trial 18233230. Journal of Clinical Oncology, 26(7), 

1051–1058. 

 

Engel, J., Kerr, J., Schlesinger-Raab, A., Eckel, R., Sauer, H., & Hölzel, D. (2003). Predictors of 

quality of life of breast cancer patients. Acta Oncologica, 42(7), 710–718. 

 

Fayers, P., & Bottomley, A. (2002). Quality of life research within the EORTC-the EORTC 

QLQ-C30. European Organisation for Research and Treatment of Cancer. European 

Journal of Cancer, 38(Suppl 4), S125–S133. 

 

Feldman, H. A., Longcope, C., Derby, C. A., Johannes, C. B., Araujo, A. B., Coviello, A. D., … 

McKinlay, J. B. (2002). Age trends in the level of serum testosterone and other hormones in 

middle-aged men: Longitudinal results from the Massachusetts Male Aging Study. The 

Journal of Clinical Endocrinology & Metabolism, 87(2), 589–598. 

 

Ferrell, B. R., Grant, M., Funk, B., Garcia, N., Otis-Green, S., & Schaffner, M. L. (1996). 

Quality of life in breast cancer. Cancer Practice, 4(6), 331–340. 

 

Foldvari, M., Clark, M., Laviolette, L. C., Bernstein, M. A., Kaliton, D., Castaneda, C., … Singh, 

M. A. F. (2000). Association of muscle power with functional status in community-dwelling 

elderly women. The Journals of Gerontology: Medical Sciences, 55A(4), M192–M199. 

 

Forrest, K. Y. Z., & Stuhldreher, W. L. (2011). Prevalence and correlates of vitamin D 

deficiency in US adults. Nutrition Research, 31(1), 48–54. 

 

Freedman, R. J., Aziz, N., Albanes, D., Hartman, T., Danforth, D., Hill, S., … Yanovski, J. A. 

(2004). Weight and body composition changes during and after adjuvant chemotherapy in 

women with breast cancer. The Journal of Clinical Endocrinology and Metabolism, 89(5), 

2248–2253. 

 

Frontera, W. R., Hughes, V. A., Fielding, R. A., Fiatarone, M. A., Evans, W. J., & Roubenoff, R. 

(2000). Aging of skeletal muscle: A 12-yr longitudinal study. Journal of Applied 

Physiology, 88, 1321–1326. 

 

Frontera, W. R., Hughes, V. A., Lutz, K. J., & Evans, W. J. (1991). A cross-sectional study of 

muscle strength and mass in 45- to 78-yr-old men and women. Journal of Applied 

Physiology, 71(2), 644–650. 

 

Frutos, M. G. S., Cacicedo, L., Mendez, C. F., Vicent, D., Gonzalez, M., & Sanchez-Franco, F. 

(2007). Pituitary alterations involved in gene expression in the pituitary of aging rats. The 

Journals of Gerontology Series A: Biological Sciences and Medical Sciences, 62A(6), 585–

597. 

 

 



191 

Fujita, S., & Volpi, E. (2006). Amino acids and muscle loss with aging. The Journal of Nutrition, 

136(1 Suppl), 277S–280S. 

 

Fulgoni, V. L. (2008). Current protein intake in America: analysis of the National Health and 

Nutrition Examination Survey, 2003-2004. The American Journal of Clinical Nutrition, 

87(5), 1554S–1557S. 

 

Gallagher, J. C. (2007). Effect of early menopause on bone mineral density and fractures. 

Menopause: The Journal of the North American Menopause Society, 14(3), 567–571. 

 

Ganz, P. A., Coscarelli, A., Fred, C., Kahn, B., Polinsky, M. L., & Petersen, L. (1996). Breast 

cancer survivors: Psychosocial concerns and quality of life. Breast Cancer Research and 

Treatment, 38(2), 183–199. 

 

Ganz, P. A., Desmond, K. A., Leedham, B., Rowland, J. H., Meyerowitz, B. E., & Belin, T. R. 

(2002). Quality of life in long-term, disease-free survivors of breast cancer: a follow-up 

study. J Natl Cancer Inst, 94(1), 39–49. 

 

Ganz, P. A., Kwan, L., Stanton, A. L., Krupnick, J. L., Rowland, J. H., Meyerowitz, B. E., … 

Belin, T. R. (2004). Quality of life at the end of primary treatment of breast cancer: First 

results from the moving beyond cancer randomized trial. Journal of the National Cancer 

Institute, 96(5), 376–387. 

 

Garcia, S. F., & Hahn, E. A. (2012). Measure validation is an ongoing process: the Functional 

Assessment of Cancer Therapy-Breast Symptom Index as a case example. Ann Palliat Med, 

1(3), 207–210. 

 

Garreau, J. R., DeLaMelena, T., Walts, D., Karamlou, K., & Johnson, N. (2006). Side effects of 

aromatase inhibitors versus tamoxifen: The patients’ perspective. The American Journal of 

Surgery, 192(4), 496–498. 

 

Garvey, W. T., Maianu, L., Zhu, J.-H., Brechtel-Hook, G., Wallace, P., & Baron, A. D. (1998). 

Evidence for defects in the trafficking and translocation of GLUT4 glucose transporters in 

skeletal muscle as a cause of human insulin resistance. Journal of Clinical Investigation, 

101(11), 2377–2386. 

 

Gho, S. a, Steele, J. R., Jones, S. C., & Munro, B. J. (2013). Self-reported side effects of breast 

cancer treatment: A cross-sectional study of incidence, associations, and the influence of 

exercise. Cancer Causes & Control, 24(3), 517–528. 

 

Gibala, M. J., Little, J. P., van Essen, M., Wilkin, G. P., Burgomaster, K. A., Safdar, A., … 

Tarnopolsky, M. A. (2006). Short-term sprint interval versus traditional endurance training: 

similar initial adaptations in human skeletal muscle and exercise performance. The Journal 

of Physiology, 575(Pt 3), 901–11. 

 

 



192 

Gibala, M. J., & McGee, S. L. (2008). Metabolic adaptations to short-term high-intensity interval 

training. Exercise and Sport Sciences Reviews, 36(2), 58–63. 

 

Glaser, D. L., & Kaplan, F. S. (1997). Osteoporosis. Definition and clinical presentation. Spine, 

22(24 Suppl), 12S–16S. 

 

Glenn, J. M., Gray, M., & Binns, A. (2017). Relationship of sit-to-stand lower-body power with 

functional fitness measures among older adults with and without sarcopenia. Journal of 

Geriatric Physical Therapy, 40(1), 42–50. 

 

Glover, E. I., Phillips, S. M., Oates, B. R., Tang, J. E., Tarnopolsky, M. A., Selby, A., … Rennie, 

M. J. (2008). Immobilization induces anabolic resistance in human myofibrillar protein 

synthesis with low and high dose amino acid infusion. The Journal of Physiology, 586(24), 

6049–6061. 

 

Gohel, A., McCarthy, M.-B., & Gronowicz, G. (1999). Estrogen prevents glucocorticoid-induced 

apoptosis in osteoblasts in vivo and in vitro. Endocrinology, 140(11), 5339–5347. 

 

Goodpaster, B. H., Carlson, C. L., Visser, M., Kelley, D. E., Scherzinger,  a, Harris, T. B., … 

Newman,  a B. (2001). Attenuation of skeletal muscle and strength in the elderly: The 

Health ABC Study. Journal of Applied Physiology (Bethesda, Md. : 1985), 90(6), 2157–

2165. 

 

Goodpaster, B. H., Park, S. W., Harris, T. B., Kritchevsky, S. B., Nevitt, M., Schwartz, A. V, … 

Newman, A. B. (2006). The loss of skeletal muscle strength, mass, and quality in older 

adults: The health, aging and body composition study. Journal of Gerontology: Medical 

Sciences, 61A(10), 1059–1064. 

 

Goodwin, P. J., Ennis, M., Pritchard, K. I., McCready, D., Koo, J., Sidlofsky, S., … Redwood, S. 

(1999). Adjuvant treatment and onset of menopause predict weight gain after breast cancer 

diagnosis. Journal of Clinical Oncology, 17(1), 120–129. 

 

Gordon, A. M., Hurwitz, S., Shapiro, C. L., & LeBoff, M. S. (2011). Premature ovarian failure 

and body composition changes with adjuvant chemotherapy for breast cancer. Menopause, 

18(11), 1244–8. 

 

Gray, M., & Paulson, S. (2014). Developing a measure of muscular power during a functional 

task for older adults. BMC Geriatrics, 14(1), 145. 

 

Greenberg, A. S., & Obin, M. S. (2006). Obesity and the role of adipose tissue in inflammation 

and metabolism. Obesity and the role of adipose tissue in inflammation and metabolism. 

The American Journal of Clinical Nutrition, 83, 461–465. 

 

Greenlund, L. J. S., & Nair, K. S. (2003). Sarcopenia - Consequences, mechanisms, and potential 

therapies. Mechanisms of Ageing and Development, 124(3), 287–299. 

 



193 

Greep, N. C., Giuliano, A. E., Hansen, N. M., Taketani, T., Wang, H.-J., & Singer, F. R. (2003). 

The effects of adjuvant chemotherapy on bone density in postmenopausal women with early 

breast cancer. The American Journal of Medicine, 114(8), 653–659. 

 

Gremeaux, V., Drigny, J., Nigam, A., Juneau, M., Guilbeault, V., Latour, E., & Gayda, M. 

(2012). Long-term lifestyle intervention with optimized high-intensity interval training 

improves body composition, cardiometabolic risk, and exercise parameters in patients with 

abdominal obesity. American Journal of Physical Medicine & Rehabilitation, 91(11), 941–

950. 

 

Guillet, C., Prod’homme, M., Balage, M., Gachon, P., Giraudet, C., Morin, L., … Boirie, Y. 

(2004). Impaired anabolic response of muscle protein synthesis is associated with S6K1 

dysregulation in elderly humans. FASEB Journal, 18(13), 1586–1587. 

 

Guo, S. S., Zeller, C., Chumlea, W. C., & Siervogel, R. M. (1999). Aging, body composition, 

and lifestyle: the Fels Longitudinal Study. The American Journal of Clinical Nutrition, 

70(3), 405–11. 

 

Guralnik, J. M., Fried, L. P., & Salive, M. E. (1996). Disability as a public health outcome in the 

aging population. Annual Review of Public Health, 17, 25–46. 

 

Hadji, P. (2009). Aromatase inhibitor-associated bone loss in breast cancer patients is distinct 

from postmenopausal osteoporosis. Critical Reviews in Oncology/Hematology, 69(1), 73–

82. 

 

Hadley, M., & Levine, J. (2007). Endocrinology (6th ed.). San Francisco: Benjamin Cummings. 

 

Hagstrom, A. D., Marshall, P. W. M., Lonsdale, C., Cheema, B. S., Fiatarone Singh, M. A., & 

Green, S. (2016). Resistance training improves fatigue and quality of life in previously 

sedentary breast cancer survivors: A randomised controlled trial. European Journal of 

Cancer Care, 25(5), 784–794. 

 

Hallage, T., Krause, M. P., Haile, L., Miculis, C. P., Nagle, E. F., Reis, R. S., & Da Silva, S. G. 

(2010). The effects of 12 weeks of step aerobics training on functional fitness of elderly 

women. Journal of Strength and Conditioning Research, 24(8), 2261–2266. 

 

Hameed, M., Toft, A. D., Pedersen, B. K., Harridge, S. D. R., & Goldspink, G. (2008). Effects of 

eccentric cycling exercise on IGF-I splice variant expression in the muscles of young and 

elderly people. Scandinavian Journal of Medicine & Science in Sports, 18(4), 447–52. 

 

Harder, H., Parlour, L., & Jenkins, V. (2012). Randomised controlled trials of yoga interventions 

for women with breast cancer: A systematic literature review. Supportive Care in Cancer, 

20(12), 3055–3064. 

 

Harman, D. (1956). Aging: a theory based on free radical and radiation chemistry. Journal of 

Gerontology, 11(3), 298–300. 



194 

Harman, D. (1972). The biologic clock: The mitochondria? Journal of the American Geriatrics 

Society, 20(4), 145–147. 

 

Harvie, M. N., Campbell, I. T., Baildam, A., & Howell, A. (2004). Energy balance in early breast 

cancer patients receiving adjuvant chemotherapy. Breast Cancer Research and Treatment, 

83(3), 201–210. 

 

Hayes, S. C., Rye, S., Battistutta, D., & Newman, B. (2010). Prevalence of upper-body 

symptoms following breast cancer and its relationship with upper-body function and 

lymphedema. Lymphology, 43(4), 178–187. 

 

Hays, R. D., Sherbourne, C. D., & Mazel, R. M. (1993). The rand 36-item health survey 1.0. 

Health Economics, 2(3), 217–227. 

 

Hays, R. D. (1994). The Medical Outcomes Study (MOS) measures of patient adherence.  

Retrieved April 19, 2004, from the RAND Corporation web site: 

http://www.rand.org/health/surveys/MOS.adherence.measures.pdf. 

 

He, X. Z., & Baker, D. W. (2005). Differences in leisure-time, household, and work-related 

physical activity by race, ethnicity, and education. Journal of General Internal Medicine, 

20(3), 259–266. 

 

Heaney, R. P. (2008). Vitamin D in health and disease. Clinical Journal of the American Society 

of Nephrology, 3(5), 1535–1541. 

 

Heath, G. W., Hagberg, J. M., Ehsani, A. A., & Holloszy, J. O. (1981). A physiological 

comparison of young and older endurance athletes. Journal of Applied Physiology: 

Respiratory, Environmental and Exercise Physiology, 51(3), 634–40. 

 

Hefferon, K., Murphy, H., McLeod, J., Mutrie, N., & Campbell, A. (2013). Understanding 

barriers to exercise implementation 5-year post-breast cancer diagnosis: A large-scale 

qualitative study. Health Education Research, 28(5), 843–856. 

 

Heideman, W. H., Russell, N. S., Gundy, C., Rookus, M. A., & Voskuil, D. W. (2009). The 

frequency, magnitude and timing of post-diagnosis body weight gain in Dutch breast cancer 

survivors. European Journal of Cancer, 45(1), 119–126. 

 

Heinrich, K. M., Becker, C., Carlisle, T., Gilmore, K., Hauser, J., Frye, J., & Harms, C. A. 

(2015). High-intensity functional training improves functional movement and body 

composition among cancer survivors: A pilot study. European Journal of Cancer Care, 

24(6), 812–817. 

 

Herrero, F., San Juan, A. F., Fleck, S. J., Balmer, J., Pérez, M., Cañete, S., … Lucía, A. (2006). 

Combined aerobic and resistance training in breast cancer survivors: A randomized, 

controlled pilot trial. International Journal of Sports Medicine, 27(7), 573–580. 

 



195 

Hilarius, D. L., Kloeg, P. H., van der Wall, E., van den Heuvel, J. J. G., Gundy, C. M., & 

Aaronson, N. K. (2012). Chemotherapy-induced nausea and vomiting in daily clinical 

practice: A community hospital-based study. Supportive Care in Cancer, 20(1), 107–117. 

 

Hirbe, A., Morgan, E. A., Uluçkan, O., & Weilbaecher, K. (2006). Skeletal complications of 

breast cancer therapies. Clinical Cancer Research, 12(Suppl 20), 6309s–6314s. 

 

Hojan, K., Milecki, P., Molinska-Glura, M., Roszak, A., & Leszczynski, P. (2013). Effect of 

physical activity on bone strength and body composition in breast cancer premenopausal 

women during endocrine therapy. European Journal of Physical and Rehabilitation 

Medicine, 49(3), 331–339. 

 

Holzner, B., Kemmler, G., Kopp, M., Moschen, R., Schweigkofler, H., Dünser, M., … Sperner-

Unterweger, B. (2001). Quality of life in breast cancer patients--Not enough attention for 

long-term survivors? Psychosomatics, 42(2), 117–123. 

 

Houston, D. K., Nicklas, B. J., Ding, J., Harris, T. B., Tylavsky, F. a, Newman, A. B., … 

Kritchevsky, S. B. (2008). Dietary protein intake is associated with lean mass change in 

older, community-dwelling adults: The Health, Aging, and Body Composition (Health 

ABC) Study. American Journal of Clinical Nutrition, 87(1), 150–155. 

 

Hubbard, R. E., Lang, I. A., Llewellyn, D. J., & Rockwood, K. (2010). Frailty, body mass index, 

and abdominal obesity in older people. The Journals of Gerontology Series A: Biological 

Sciences and Medical Sciences of Gerontology, 65A(4), 377–381. 

 

Hughes, D. E., Dai, A., Tiffee, J. C., Li, H. H., Mundy, G. R., & Boyce, B. F. (1996). Estrogen 

promotes apoptosis of murine osteoclasts mediated by TGF-beta. Nature Medicine, 2(10), 

1132–1136. 

 

Hughes, V. A., Roubenoff, R., Wood, M., Frontera, W. R., Evans, W. J., & Fiatarone Singh, M. 

A. (2004). Anthropometric assessment of 10-y changes in body composition in the elderly. 

Am J Clin Nutr, 80(2), 475–482. 

 

Hung, W. W., Ross, J. S., Boockvar, K. S., & Siu, A. L. (2011). Recent trends in chronic disease, 

impairment and disability among older adults in the United States. BMC Geriatrics, 11(1), 

47. 

 

Hwang, C.-L., Yu, C.-J., Shih, J.-Y., Yang, P.-C., & Wu, Y.-T. (2012). Effects of exercise 

training on exercise capacity in patients with non-small cell lung cancer receiving targeted 

therapy. Supportive Care in Cancer, 20(12), 3169–3177. 

 

Hwang, H. J., Park, S. Y., Lee, S. H., Han, S. B., & Ro, K. H. (2012). Differences in bone 

mineral density between the right and left hips in postmenopausal women. Musculoskeletal 

Disorders, 27, 686–690. 

 

Irwin, M. L., Alvarez-Reeves, M., Cadmus, L., Mierzejewski, E., Mayne, S. T., Yu, H., … 



196 

Dipietro, L. (2009). Exercise improves body fat, lean mass and bone mass in breast cancer 

survivors. Obesity, 17(8), 1534–1541. http://doi.org/10.1038/oby.2009.18.Exercise 

 

Irwin, M. L., Crumley, D., McTiernan, A., Bernstein, L., Baumgartner, R., Gilliland, F. D., … 

Ballard-Barbash, R. (2003). Physical activity levels before and after a diagnosis of breast 

carcinoma: The health, eating, activity, and lifestyle (HEAL) study. Cancer, 97(7), 1746–

1757. 

 

Irwin, M. L., McTiernan, A., Baumgartner, R. N., Baumgartner, K. B., Bernstein, L., Gilliland, 

F. D., & Ballard-Barbash, R. (2005). Changes in body fat and weight after a breast cancer 

diagnosis: Influence of demographic, prognostic, and lifestyle factors. Journal of Clinical 

Oncology, 23(4), 774–782. 

 

Irwin, M. L., McTiernan, A., Bernstein, L., Gilliland, F. D., Baumgartner, R., Baumgartner, K., 

& Ballard-Barbash, R. (2004). Physical activity levels among breast cancer survivors. 

Medicine and Science in Sports and Exercise, 36(9), 1484–1491. 

 

Jankowski, C. M., Barry, D. W., Witten, M. S., Schwartz, R. S., & Kohrt, W. M. (2008). 

Resistance training improves functional performance in older cancer survivors. Medicine & 

Science in Sports & Exercise, 40(5), S9(Abstract). 

 

Janssen, I., Baumgartner, R. N., Ross, R., Rosenberg, I. H., & Roubenoff, R. (2004). Skeletal 

muscle cutpoints associated with elevated physical disability risk in older men and women. 

American Journal of Epidemiology, 159(4), 413–421. 

 

Janssen, I., Shepard, D. S., Katzmarzyk, P. T., & Roubenoff, R. (2004). The healthcare costs of 

sarcopenia in the United States. Journal of the American Geriatrics Society, 52(1), 80–85. 

 

Jejurikar, S. S., Henkelman, E. a, Cederna, P. S., Marcelo, C. L., Urbanchek, M. G., & Kuzon, 

W. M. (2006). Aging increases the susceptibility of skeletal muscle derived satellite cells to 

apoptosis. Experimental Gerontology, 41(9), 828–36.  

 

Jelleyman, C., Yates, T., O’Donovan, G., Gray, L. J., King, J. A., Khunti, K., & Davies, M. J. 

(2015). The effects of high-intensity interval training on glucose regulation and insulin 

resistance: a meta-analysis. Obesity Reviews, 16(11), 942–961. 

 

Jessup, J. V, Horne, C., Vishen, R. K., & Wheeler, D. (2003). Effects of exercise on bone 

density, balance, and self-efficacy in older women. Biological Research for Nursing, 4(3), 

171–180. 

 

Jubrias, S. A., Odderson, I. R., Esselman, P. C., & Conley, K. E. (1997). Decline in isokinetic 

force with age: Muscle cross-sectional area and specific force. Pflugers Archiv European 

Journal of Physiology, 434(3), 246–253. 

 

Kadi, F., Charifi, N., & Denis, C. (2004). Satellite cells and myonuclei in young and elderly 

women and men. Muscle & Nerve, 29, 120–127. 



197 

Kalyani, R. R., Corriere, M., & Ferrucci, L. (2014). Age-related and disease-related muscle loss: 

The effect of diabetes, obesity, and other diseases. The Lancet Diabetes and Endocrinology, 

2(10), 819–829. 

 

Kaminsky, L. A. (Ed.). (2014). ACSM’s Health-Related Physical Fitness Assessment Manual 

(4th ed.). Philadelphia: Lippincott Williams & Wilkins. 

 

Kampshoff, C. S., Chinapaw, M. J. M., Brug, J., Twisk, J. W. R., Schep, G., Nijziel, M. R., … 

Buffart, L. M. (2015). Randomized controlled trial of the effects of high intensity and low-

to-moderate intensity exercise on physical fitness and fatigue in cancer survivors: results of 

the Resistance and Endurance exercise After ChemoTherapy (REACT) study. BMC 

Medicine, 13(1), 275. 

 

Katsanos, C. S., Kobayashi, H., Sheffield-Moore, M., Aarsland, A., & Wolfe, R. R. (2005). 

Aging is associated with diminished accretion of muscle proteins after the ingestion of a 

small bolus of essential amino acids. American Journal of Clinical Nutrition, 82(5), 1065–

1073. 

 

Katsanos, C. S., Kobayashi, H., Sheffield-Moore, M., Aarsland, A., & Wolfe, R. R. (2006). A 

high proportion of leucine is required for optimal stimulation of the rate of muscle protein 

synthesis by essential amino acids in the elderly. American Journal of Physiology. 

Endocrinology and Metabolism, 291(2), E381–E387. 

 

Kemmler, W., Engelke, K., Weineck, J., Hensen, J., & Kalender, W. A. (2003). The Erlangen 

Fitness Osteoporosis Prevention Study: A controlled exercise trial in early postmenopausal 

women with low bone density-first-year results. Archives of Physical Medicine and 

Rehabilitation, 84(5), 673–682. 

 

Kerstetter, J. E., O’Brien, K. O., & Insogna, K. L. (2003). Dietary protein, calcium metabolism, 

and skeletal homeostasis revisited. The American Journal of Clinical Nutrition, 78(3), 

584S–592S. 

 

Kessels, E., Husson, O., & van der Feltz-Cornelis, C. M. (2018). The effect of exercise on 

cancer-related fatigue in cancer survivors: A systematic review and meta-analysis. 

Neuropsychiatric Disease and Treatment, 14, 479–494. 

 

Khamoui, A. V., Park, B.-S., Kim, D.-H., Yeh, M.-C., Oh, S.-L., Elam, M. L., … Kim, J.-S. 

(2016). Aerobic and resistance training dependent skeletal muscle plasticity in the colon-26 

murine model of cancer cachexia. Metabolism, 65(5), 685–698. 

 

Kini, U., & Nandeesh, B. N. (2012). Physiology of bone formation, remodeling, and metabolism. 

In Radionuclide and Hybrid Bone Imaging (pp. 29–57). Berlin, Heidelberg: Springer Berlin 

Heidelberg. 

 

Klein, C. S., Marsh, G. D., Petrella, R. J., & Rice, C. L. (2003). Muscle fiber number in the 

biceps brachii muscle of young and old men. Muscle & Nerve, 28(1), 62–68. 



198 

Knobf, M. T., Jeon, S., Smith, B., Harris, L., Kerstetter, J., Thompson, A. S., & Insogna, K. 

(2016). Effect of a randomized controlled exercise trial on bone outcomes: Influence of 

adjuvant endocrine therapy. Breast Cancer Research and Treatment, 155(3), 491–500. 

 

Knobf, M. T., Mullen, J. C., Xistris, D., & Moritz, D. A. (1983). Weight gain in women with 

breast cancer receiving adjuvant chemotherapy. Oncology Nursing Forum, 10(2), 28–33. 

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/6553318 

 

Koh, T. J., & DiPietro, L. A. (2011). Inflammation and wound healing: The role of the 

macrophage. Expert Reviews in Molecular Medicine, 13, e23. 

http://doi.org/10.1017/S1462399411001943.Inflammation 

 

Kokkonen, J., Nelson, A. G., Eldredge, C., & Winchester, J. B. (2007). Chronic static stretching 

improves exercise performance. Medicine and Science in Sports and Exercise, 39(10), 

1825–1831. 

 

Konopka, A. R., & Harber, M. P. (2014). Skeletal muscle hypertrophy after aerobic exercise 

training. Exercise and Sport Sciences Reviews, 42(2), 53–61. 

 

Koopman, R., & van Loon, L. J. C. (2009). Regulation of Protein Metabolism in Exercise and 

Recovery: Aging , exercise , and muscle protein metabolism. Journal of Applied 

Physiology, (106), 2040–2048. http://doi.org/10.1152/japplphysiol.91551.2008. 

 

Koster, A., Ding, J., Stenholm, S., Caserotti, P., Houston, D. K., Nicklas, B. J., … Harris, T. B. 

(2011). Does the amount of fat mass predict age-related loss of lean mass, muscle strength, 

and muscle quality in older adults? Journals of Gerontology - Series A Biological Sciences 

and Medical Sciences, 66A(8), 888–895. 

 

Krakowsky, Y., & Grober, E. D. (2015). Testosterone deficiency - Establishing a biochemical 

diagnosis. EJIFCC, 26(2), 105–113. 

 

Krasniqi, E., Koni, M., Kabashi, A., Bahtiri, A., Gjeli, S., & Boshnjaku, A. (2016). Side to side 

differences between dominant and non-dominant arm’s bone density and isometric handgrip 

strength in males and females aged 40-65 years old. Mater Sociomed, 28(5), 333–337. 

 

Kroenke, C. H., Chen, W. Y., Rosner, B., & Holmes, M. D. (2005). Weight, weight gain, and 

survival after breast cancer diagnosis. Journal of Clinical Oncology, 23(7), 1370–1378. 

 

Kuk, J. L., Saunders, T. J., Davidson, L. E., & Ross, R. (2009). Age-related changes in total and 

regional fat distribution. Ageing Research Reviews, 8(4), 339–48. 

 

Kushnir-Sukhov, N. M., Gilfillan, A. M., Coleman, J. W., Brown, J. M., Bruening, S., Toth, M., 

& Metcalfe, D. D. (2006). 5-hydroxytryptamine induces mast cell adhesion and migration. 

Journal of Immunology, 177(9), 6422–6432. 

 

Kutynec, C. L., McCargar, L., Barr, S. I., & Hislop, G. (1999). Energy balance in women with 



199 

breast cancer during adjuvant treatment. Journal of the American Dietetic Assocation. 

 

Kuwahara, S., Sari, D. K., Tsukamoto, Y., Tanaka, S., & Sasaki, F. (2004). Age-related changes 

in growth hormone (GH) cells in the pituitary gland of male mice are mediated by GH-

releasing hormone but not by somatostatin in the hypothalamus. Brain Research, 998(2), 

164–173. 

 

Laplante, M., & Sabatini, D. M. (2009). mTOR signaling at a glance. Journal of Cell Science, 

122(20), 3589–3594. 

 

Laplante, M., & Sabatini, D. M. (2012). mTOR Signaling. Cold Spring Harbor Perspectives in 

Biology, 4(2), a011593. 

 

Larson, D., Weinstein, M., Goldberg, I., Silver, B., Recht, A., Cady, B., … Harris, J. R. (1986). 

Edema of the arm as a function of the extent of axillary surgery in patients with stage I-II 

carcinoma of the breast treated with primary radiotherapy. International Journal of 

Radiation Oncology, Biology, Physics, 12(9), 1575–1582. 

 

Latham, N. K., Bennett, D. A., Stretton, C. M., & Anderson, C. S. (2004). Systematic review of 

progressive resistance strength training in older adults. The Journals of Gerontology Series 

A: Biological Sciences and Medical Sciences, 59(1), M48–M61. 

 

Lauretani, F., Russo, C. R., Bandinelli, S., Bartali, B., Cavazzini, C., Di Iorio, A., … Ferrucci, L. 

(2003). Age-associated changes in skeletal muscles and their effect on mobility: An 

operational diagnosis of sarcopenia. Journal of Applied Physiology, 95(5), 1851–1860. 

 

Lavie, C. J., Arena, R., & Earnest, C. P. (2013). High-intensity interval training in patients with 

cardiovascular diseases and heart transplantation. The Journal of Heart and Lung 

Transplantation, 32(11), 1056–8. 

 

Levine, E. G., Raczynski, J. M., & Carpenter, J. T. (1991). Weight gain with breast cancer 

adjuvant treatment. Cancer, 67(7), 1954–1959. 

 

Lexell, J. (1997). Sarcopenia and physical performance in old age. Muscle & Nerve, 20(S5), 1–1. 

 

Lexell, J., & Downham, D. Y. (1991). The occurrence of fibre-type grouping in healthy human 

muscle: A quantitative study of cross-sections of whole vastus lateralis from men between 

15 and 83 years. Acta Neuropathologica, 81(4), 377–381. 

 

Lexell, J., Taylor, C. C., & Sjöström, M. (1988). What is the cause of the ageing atrophy? Total 

number, size and proportion of different fiber types studied in whole vastus lateralis muscle 

from 15- to 83-year-old men. Journal of the Neurological Sciences, 84(2–3), 275–294. 

 

Lilley, J., Walters, B. G., Heath, D. A., & Drolc, Z. (1992). Comparison and investigation of 

bone mineral density in opposing femora by dual-energy X-ray absorptiometry. 

Osteoporosis International, 2, 274–278. 



200 

Littman, A. J., Bertram, L. C., Ceballos, R., Ulrich, C. M., Ramaprasad, J., McGregor, B., & 

McTiernan, A. (2012). Randomized controlled pilot trial of yoga in overweight and obese 

breast cancer survivors: Effects on quality of life and anthropometric measures. Supportive 

Care in Cancer, 20(2), 267–277. 

 

Lizcano, F., & Guzmán, G. (2014). Estrogen deficiency and the origin of obesity during 

menopause. BioMed Research International, 2014, 757461. 

 

Looker, A. C., & Frenk, S. M. (2015). Percentage of adults aged 65 and over with osteoporosis 

or low bone mass at the femur neck or lumbar spine: United States, 2005–2010. Retrieved 

from https://www.cdc.gov/nchs/data/hestat/osteoporsis/osteoporosis2005_2010.htm 

 

Lower, E. E., Blau, R., Gazder, P., & Tummala, R. (1999). The risk of premature menopause 

induced by chemotherapy for early breast cancer. Journal of Women’s Health & Gender-

Based Medicine, 8(7), 949–954. 

 

Luff, A. R. (1998). Age-associated changes in the innervation of muscle fibers and changes in 

the mechanical properties of motor units. Annals of the New York Academy of Sciences, 

854, 92–101. 

 

Lustgarten, M. S., & Fielding, R. A. (2011). Assessment of analytical methods used to measure 

changes in body composition in the elderly and recommendations for their use in phase II 

clinical trials. Journal of Nutrition, Health, and Aging, 15(5), 368–375. 

 

Machida, S., & Booth, F. W. (2004). Increased nuclear proteins in muscle satellite cells in aged 

animals as compared to young growing animals. Experimental Gerontology, 39(10), 1521–

5. http://doi.org/10.1016/j.exger.2004.08.009 

 

Madsen, O. R., Lauridsen, U. B., Hartkopp, A., & Sørensen, O. H. (1997). Muscle strength and 

soft tissue composition as measured by dual energy x-ray absorptiometry in women aged 

18-87 years. European Journal of Applied Physiology and Occupational Physiology, 75(3), 

239–245. 

 

Madzima, T. A. (2005). Effects of resistance training and protein supplementation on body  

composition, muscular strength, and physical function in breast cancer survivors 

(Unpublished doctoral dissertation). Florida State University, Tallahassee, Florida. 

 

Madzima, T. A., Ormsbee, M. J., Schleicher, E. A., Moffatt, R. J., & Panton, L. B. (2017). 

Effects of resistance training and protein supplementation in breast cancer survivors. 

Medicine and Science in Sports and Exercise, 49(7), 1283–1292. 

 

Malhotra, V., & Perry, M. C. (2003). Classical chemotherapy: Mechanisms, toxicities and the 

therapeutic window. Cancer Biology & Therapy, 2(4 Suppl 1), S2. 

 

Marcus, R. L., Addison, O., Dibble, L. E., Foreman, K. B., Morrell, G., & Lastayo, P. (2012). 

Intramuscular adipose tissue, sarcopenia, and mobility function in older individuals. Journal 



201 

of Aging Research, 2012, 1–6. http://doi.org/10.1155/2012/629637 

 

Marieb, E. N., & Hoehn, K. (2018). Human anatomy & physiology (8th ed.). Pearson. 

 

Mayhew, M. S. (2009). Aromatase inhibitors for breast cancer. Journal for Nurse Practitioners, 

5(6), 456–457. 

 

McCrory, J. L., Salacinski, A. J., Hunt, S. E., & Greenspan, S. L. (2009). Thigh muscle strength 

in senior athletes and healthy controls. Journal of Strength and Conditioning Research, 

23(9), 2430–2436. 

 

McKenzie, D. C., & Kalda, A. L. (2003). Effect of upper extremity exercise on secondary 

lymphedema in breast cancer patients: a pilot study. Journal of Clinical Oncology, 21(3), 

463–436. 

 

McNeil, C. J., Doherty, T. J., Stashuk, D. W., & Rice, C. L. (2005). Motor unit number estimates 

in the tibialis anterior muscle of young, old, and very old men. Muscle & Nerve, 31(4), 461–

467. 

 

McQuestion, M. (2011). Evidence-based skin care management in radiation therapy: Clinical 

update. Seminars in Oncology Nursing, 27(2), e1–e17. 

 

Medeiros, D. M., & Lima, C. S. (2017). Influence of chronic stretching on muscle performance: 

Systematic review. Human Movement Science, 54, 220–229. 

 

Medzhitov, R. (2008). Origin and physiological roles of inflammation. Nature, 454(7203), 428–

435. 

 

Medzhitov, R., Mantovani, A., Allavena, P., Sica, A., Balkwill, F., Galli, S. J., … Tontonoz, P. 

(2008). Inflammation. Nature Insight, 454(7203), 427. 

 

Melton, L. J. (2003). Adverse outcomes of osteoporotic fractures in the general population. 

Journal of Bone and Mineral Research, 18(6), 1139–1141. 

 

Meneses-Echávez, J. F., González-Jiménez, E., & Ramírez-Vélez, R. (2015). Effects of 

supervised multimodal exercise interventions on cancer-related fatigue: Systematic review 

and meta-analysis of randomized controlled trials. BioMed Research International, 2015, 1–

13. 

 

Metter, E. J., Conwit, R., Tobin, J., & Fozard, J. L. (1997). Age-associated loss of power and 

strength in the upper extremities in women and men. The Journals of Gerontology. Series A, 

Biological Sciences and Medical Sciences, 52A(5), B267–B276. 

 

Metter, E. J., Talbot, L. A., Schrager, M., & Conwit, R. (2002). Skeletal muscle strength as a 

predictor of all-cause mortality in healthy men. The Journals of Gerontology Series A: 

Biological Sciences and Medical Sciences, 57A(10), B359–B365. 



202 

Michaud, L. B., & Goodin, S. (2006). Cancer-treatment-induced bone loss, part 1. American 

Journal of Health-System Pharmacy, 63(5), 419–430. 

 

Midtgaard, J., Christensen, J. F., Tolver, A., Jones, L. W., Uth, J., Rasmussen, B., … Rørth, M. 

(2013). Efficacy of multimodal exercise-based rehabilitation on physical activity, 

cardiorespiratory fitness, and patient-reported outcomes in cancer survivors: A randomized, 

controlled trial. Annals of Oncology, 24(9), 2267–2273. 

 

Moadel, A. B., Shah, C., Wylie-Rosett, J., Harris, M. S., Patel, S. R., Hall, C. B., & Sparano, J. 

A. (2007). Randomized controlled trial of yoga among a multiethnic sample of breast 

cancer patients: Effects on quality of life. Journal of Clinical Oncology, 25(28), 4387–4395. 

 

Mojock, C. D., Ormsbee, M. J., Kim, J.-S., Arjmandi, B. H., Louw, G. A., Contreras, R. J., & 

Panton, L. B. (2016). Comparisons of bone mineral density between recreational and trained 

male road cyclists. Clinical Journal of Sport Medicine, 26(2), 152–156. 

 

Molina, J. R., Barton, D. L., & Loprinzi, C. L. (2005). Chemotherapy-induced ovarian failure: 

Manifestations and management. Drug Safety, 28(5), 401–416. 

 

Mols, F., Vingerhoets, A. J. J. M., Coebergh, J. W., & van de Poll-Franse, L. V. (2005). Quality 

of life among long-term breast cancer survivors: A systematic review. European Journal of 

Cancer, 41(17), 2613–2619. 

 

Montazeri, A., Vahdaninia, M., Harirchi, I., Ebrahimi, M., Khaleghi, F., & Jarvandi, S. (2008). 

Quality of life in patients with breast cancer before and after diagnosis: An eighteen months 

follow-up study. BMC Cancer, 8, 330. 

 

Morgan, S., Anderson, R. A., Gourley, C., Wallace, W. H., & Spears, N. (2012). How do 

chemotherapeutic agents damage the ovary? Human Reproduction Update, 18(5), 525–535. 

 

Mosser, D. M., & Edwards, J. P. (2008). Exploring the full spectrum of macrophage activation. 

Nature Reviews. Immunology, 8(12), 958–969.  

 

Nathan, C. (2002). Points of control in inflammation. Nature, 420(6917), 846–852.  

 

Nelson, M. E., Fiatarone, M. A., Morganti, C. M., Trice, I., Greenberg, R. A., & Evans, W. J. 

(1994). Effects of High-Intensity Strength Training on Multiple Risk Factors for 

Osteoporotic Fractures. JAMA, 272(24), 1909–1914. 

 

Newman, A. B., Haggerty, C. L., Goodpaster, B., Harris, T., Kritchevsky, S., Nevitt, M., … 

Visser, M. (2003). Strength and muscle quality in a well-functioning cohort of older adults: 

The Health, Aging and Body Composition Study. Journal of the American Geriatrics 

Society, 51(3), 323–330. 

 

Nichols, H. B., Trentham-dietz, A., Egan, K. M., Titus-Ernstoff, L., Holmes, M. D., Bersch, A. 

J., … Newcomb, P. a. (2009). Body mass index before and after breast cancer diagnosis: 



203 

Associations with all-cause, breast cancer, and cardiovascular disease mortality. Cancer 

Epidemiology, Biomarkers, and Prevention, 18(5), 1403–1409. 

 

Nilwik, R., Snijders, T., Leenders, M., Groen, B. B. L., van Kranenburg, J., Verdijk, L. B., & van 

Loon, L. J. C. (2013). The decline in skeletal muscle mass with aging is mainly attributed to 

a reduction in type II muscle fiber size. Experimental Gerontology, 48(5), 492–498.  

 

Nissen, M. J., Shapiro, A., & Swenson, K. K. (2011). Changes in weight and body composition 

in women receiving chemotherapy for breast cancer. Clinical Breast Cancer, 11(1), 52–60. 

 

Noone, A., Howlader, N., Krapcho, M., Miller, D., Brest, A., Yu, M., … (eds). (2018). SEER 

Cancer Statistics Review, 1975-2015. Bethesda, MD. Retrieved from 

https://seer.cancer.gov/csr/1975_2015/ 

 

Norman, M. U., Lister, K. J., Yang, Y. H., Issekutz, A., & Hickey, M. J. (2005). TNF regulates 

leukocyte-endothelial cell interactions and microvascular dysfunction during immune 

complex-mediated inflammation. British Journal of Pharmacology, 144(2), 265–274.  

 

Norton, L. E., & Layman, D. K. (2006). Leucine regulates translation initiation of protein 

synthesis in skeletal muscle after exercise. The Journal of Nutrition, 136(2), 533S–537S. 

 

Oh, J.-Y., Barrett-Connor, E., Wedick, N. M., & Wingard, D. L. (2002). Endogenous sex 

hormones and the development of type 2 diabetes in older men and women: The Rancho 

Bernardo study. Diabetes Care, 25(1), 55–60. 

 

Okano, H., Mizunuma, H., Soda, M., Kagami, I., Miyamoto, S., Ohsawa, M., … Shibata, H. 

(1998). The long-term effect of menopause on postmenopausal bone loss in Japanese 

women: Results from a prospective study. Journal of Bone and Mineral Research, 13(2), 

303–309. 

 

Oktem, O., & Oktay, K. (2007). Quantitative assessment of the impact of chemotherapy on 

ovarian follicle reserve and stromal function. Cancer, 110(10), 2222–2229. 

 

Olson, A. L., & Pessin, J. E. (1996). Structure, function, and regulation of the mammalian 

facilitative glucose transporter gene family. Annual Review of Nutrition, 16(1), 235–256. 

 

Ormsbee, M. J., Prado, C. M., Ilich, J. Z., Purcell, S., Siervo, M., Folsom, A., & Panton, L. 

(2014). Osteosarcopenic obesity: The role of bone, muscle, and fat on health. Journal of 

Cachexia, Sarcopenia and Muscle, 5(3), 183–92. 

 

Osborne, C. K., Elledge, R. M., & Fuqua, S. A. W. (1996). Estrogen receptors in breast cancer 

therapy. Sci Med, 3, 32–41. 

 

Ozaslan, C., & Kuru, B. (2004). Lymphedema after treatment of breast cancer. The American 

Journal of Surgery, 187(1), 69–72. 

 



204 

Pan, Y., Yang, K., Wang, Y., Zhang, L., & Liang, H. (2015). Could yoga practice improve 

treatment-related side effects and quality of life for women with breast cancer? A 

systematic review and meta-analysis. Asia-Pacific Journal of Clinical Oncology, 1–17. 

 

PDQ® Adult Treatment Editorial Board. (2018). PDQ® Breast Cancer Treatment. National 

Cancer Institute. Retrieved from 

www.cancer.gov/cancertopics/pdq/treatment/breast/healthprofessional 

 

Peart, O. (2015). Breast intervention and breast cancer treatment options. Radiologic 

Technology, 86(5), 535M–558M. 

 

Pennings, B., Koopman, R., Beelen, M., Senden, J. M., Saris, W. H., & van Loon, L. J. (2011). 

Exercising before protein intake allows for greater use of dietary protein–derived amino 

acids for de novo muscle protein synthesis in both young and elderly men. The American 

Journal of Clinical Nutrition, 93(2), 322–331. 

 

Peterson, M. D., Sen, A., & Gordon, P. M. (2011). Influence of resistance exercise on lean body 

mass in aging adults. Medicine & Science in Sports & Exercise, 43(2), 249–258. 

 

Petrella, J. K., Kim, J., Cross, J. M., Kosek, D. J., & Bamman, M. M. (2006). Efficacy of 

myonuclear addition may explain differential myofiber growth among resistance-trained 

young and older men and women. American Journal of Physiology. Endocrinology and 

Metabolism, 291(5), E937-46. 

 

Pinto, R. S., Correa, C. S., Radaelli, R., Cadore, E. L., Brown, L. E., & Bottaro, M. (2014). 

Short-term strength training improves muscle quality and functional capacity of elderly 

women. Age, 36(1), 365–372. 

 

Playdon, M. C., Bracken, M. B., Sanft, T. B., Ligibel, J. A., Harrigan, M., & Irwin, M. L. (2015). 

Weight gain after breast cancer diagnosis and all-cause mortality : Systematic review and 

meta-analysis. JNCI: Journal of the National Cancer Institute, 107(12). 

 

Prado, C. M. M., Antoun, S., Sawyer, M. B., & Baracos, V. E. (2011). Two faces of drug therapy 

in cancer: drug-related lean tissue loss and its adverse consequences to survival and toxicity. 

Current Opinion in Clinical Nutrition and Metabolic Care, 14(3), 250–254. 

 

Prado, C. M. M., Baracos, V. E., McCargar, L. J., Reiman, T., Mourtzakis, M., Tonkin, K., … 

Sawyer, M. B. (2009). Sarcopenia as a determinant of chemotherapy toxicity and time to 

tumor progression in metastatic breast cancer patients receiving capecitabine treatment. 

Clinical Cancer Research, 15(8), 2920–2926. 

 

Prado, C. M. M., Lieffers, J. R., McCargar, L. J., Reiman, T., Sawyer, M. B., Martin, L., & 

Baracos, V. E. (2008). Prevalence and clinical implications of sarcopenic obesity in patients 

with solid tumours of the respiratory and gastrointestinal tracts: a population-based study. 

The Lancet Oncology, 9(7), 629–635. 

 



205 

Protani, M., Coory, M., & Martin, J. H. (2010). Effect of obesity on survival of women with 

breast cancer: Systematic review and meta-analysis. Breast Cancer Research and 

Treatment, 123(3), 627–635. 

 

Qu, Q., Perälä-Heape, M., Kapanen, A., Dahllund, J., Salo, J., Väänänen, H. K., & Härkönen, P. 

(1998). Estrogen enhances differentiation of osteoblasts in mouse bone marrow culture. 

Bone, 22(3), 201–209. 

 

Rantanen, T., Guralnik, J. M., Sakari-Rantala, R., Leveille, S., Simonsick, E. M., Ling, S., & 

Fried, L. P. (1999). Disability, physical activity, and muscle strength in older women: The 

Women’s Health and Aging Study. Archives of Physical Medicine and Rehabilitation, 

80(2), 130–135. http://doi.org/10.1016/S0003-9993(99)90109-0 

 

Reich, M., Lesur, A., & Perdrizet-Chevallier, C. (2008). Depression, quality of life and breast 

cancer: A review of the literature. Breast Cancer Research and Treatment, 110(1), 9–17. 

 

Reid, M. B., Lännergren, J., & Westerblad, H. (2002). Respiratory and limb muscle weakness 

induced by tumor necrosis factor-α: Involvement of muscle myofilaments. American 

Journal of Respiratory and Critical Care Medicine, 166(4), 479–484. 

 

Richardson, J. L., Marks, G., & Levine, A. (1988). The influence of symptoms of disease and 

side effects of treatment on compliance with cancer therapy. Journal of Clinical Oncology, 

6(11), 1746–1752. 

 

Richter, C. (1995). Oxidative damage to mitochondrial DNA and its relationship to ageing. The 

International Journal of Biochemistry & Cell Biology, 27(7), 647–653. 

 

Riggs, B. L., Khosla, S., & Melton, L. J. (2002). Sex steroids and the construction and 

conservation of the adult skeleton. Endocrine Reviews, 23(3), 279–302. 

 

Riggs, B. L., Wahner, H. W., Dunn, W. L., Mazess, R. B., Offord, K. P., & Melton, L. J. (1981). 

Differential changes in bone mineral density of the appendicular and axial skeleton with 

aging: relationship to spinal osteoporosis. The Journal of Clinical Investigation, 67(2), 328–

35. 

 

Riggs, B. L., Wahner, H. W., Seeman, E., Offord, K. P., Dunn, W. L., Mazess, R. B., … Melton, 

L. J. (1982). Changes in bone mineral density of the proximal femur and spine with aging: 

Differences between the postmenopausal and senile osteoporosis syndromes. Journal of 

Clinical Investigation, 70(October), 716–723. 

 

Rikli, R. E., & Jones, J. J. (1999). Functional fitness normative scores for community-residing 

older adults, 60-94. Journal of Aging & Physical Activity, 7, 162–181. 

 

Roberts, M. D., Dalbo, V. J., Sunderland, K. L., Poole, C. N., Hassell, S. E., Bemben, D., … 

Kerksick, C. M. (2010). IGF-1 splice variant and IGF-1 peptide expression patterns in 

young and old human skeletal muscle prior to and following sequential exercise bouts. 



206 

European Journal of Applied Physiology, 110(5), 961–969. 

 

Robinson, W. R., Luck, M., Omar, H., Blades, N., Morris, K., & Coscia, J. (2005). A pilot study 

of bone density loss in menopausal women treated with chemotherapy for cancer. 

Supportive Care in Cancer, 13(8), 663–667. 

 

Robling, A. G., & Turner, C. H. (2009). Mechanical signaling for bone modeling and 

remodeling. Critical Reviews in Eukaryotic Gene Expression, 19(4), 319–338. 

 

Rochefort, G. Y., Pallu, S., & Benhamou, C. L. (2010). Osteocyte: The unrecognized side of 

bone tissue. Osteoporosis International, 21(9), 1457–1469. 

 

Rock, C. L., Flatt, S. W., Newman, V., Caan, B. J., Haan, M. N., Stefanick, M. L., … Pierce, J. 

P. (1999). Factors associated with weight gain in women after diagnosis of breast cancer. 

Women’s Healthy Eating and Living Study Group. Journal of the American Dietetic 

Association, 99(10), 1212–21.  

 

Rosenberg, I. H. (1989). Summary comments. The American Journal of Clinical Nutrition, 

50(5), 1231–1233. 

 

Rosenheimer, J. L. (1990). Ultraterminal sprouting in innervated and partially denervated adult 

and aged rat muscle. Neuroscience, 38(3), 763–770. 

 

Roth, S. M., Martel, G. F., Ivey, F. M., Lemmer, J. T., Tracy, B. L., Metter, E. J., … Rogers, M. 

A. (2001). Skeletal muscle satellite cell characteristics in young and older men and women 

after heavy resistance strength training. The Journals of Gerontology: Biological Sciences, 

56(6), B240–B247. 

 

Saarto, T., Sievänen, H., Kellokumpu-Lehtinen, P., Nikander, R., Vehmanen, L., Huovinen, R., 

… Blomqvist, C. (2012). Effect of supervised and home exercise training on bone mineral 

density among breast cancer patients. A 12-month randomised controlled trial. Osteoporosis 

International, 23(5), 1601–1612. 

 

Sadja, J., & Mills, P. J. (2013). Effects of yoga interventions on fatigue in cancer patients and 

survivors: A systematic review of randomized controlled trials. Explore: The Journal of 

Science and Healing, 9(4), 232–243. 

 

Sakkas, G. K., Kent-Braun, J. A., Doyle, J. W., Shubert, T., Gordon, P., & Johansen, K. L. 

(2006). Effect of diabetes mellitus on muscle size and strength in patients receiving dialysis 

therapy. American Journal of Kidney Diseases, 47(5), 862–869. 

 

Sakorafas, G. H., Peros, G., Cataliotti, L., & Vlastos, G. (2006). Lymphedema following axillary 

lymph node dissection for breast cancer. Surgical Oncology, 15(3), 153–165. 

 

 

 



207 

Sander, A. P., Wilson, J., Izzo, N., Mountford, S. A., & Hayes, K. W. (2012). Factors that affect 

decisions about physical activity and exercise in survivors of breast cancer: A qualitative 

study. Physical Therapy, 92(4), 525–536. 

 

Santilli, V., Bernetti, A., Mangone, M., & Paoloni, M. (2014). Clinical definition of sarcopenia. 

Clinical Cases in Mineral and Bone Metabolism, 11(3), 177–180. 

 

Saquib, N., Flatt, S. W., Natarajan, L., Thomson, C. A., Bardwell, W. A., Caan, B., … Pierce, J. 

P. (2007). Weight gain and recovery of pre-cancer weight after breast cancer treatments: 

Evidence from the women’s healthy eating and living (WHEL) study. Breast Cancer 

Research and Treatment, 105(2), 177–186. 

 

Schaap, L. A., Pluijm, S. M. F., Deeg, D. J. H., Harris, T. B., Kritchevsky, S. B., Newman, A. B., 

… Visser, M. (2009). Higher inflammatory marker levels in older persons: Associations 

with 5-year change in muscle mass and muscle strength. Journals of Gerontology - Series A 

Biological Sciences and Medical Sciences, 64(11), 1183–1189.  

 

Schaap, L. A., Pluijm, S. M. F., Deeg, D. J. H., & Visser, M. (2006). Inflammatory Markers and 

Loss of Muscle Mass (Sarcopenia) and Strength. American Journal of Medicine, 119(6). 

http://doi.org/10.1016/j.amjmed.2005.10.049 

 

Schmitt, J., Lindner, N., Reuss-Borst, M., Holmberg, H.-C., & Sperlich, B. (2016). A 3-week 

multimodal intervention involving high-intensity interval training in female cancer 

survivors: a randomized controlled trial. Physiological Reports, 4(3). 

 

Schmitz, K. H., Ahmed, R. L., Hannan, P. J., & Yee, D. (2005). Safety and efficacy of weight 

training in recent breast cancer survivors to alter body composition, insulin, and insulin-like 

growth factor axis proteins. Cancer Epidemiology, Biomarkers and Prevention, 14(7), 

1672–1680. 

 

Schmitz, K. H., Ahmed, R. L., Troxel, A., Cheville, A., Smith, R., Lewis-Grant, L., … Greene, 

Q. P. (2009). Weight lifting in women with breast-cancer-related lymphedema. N Engl J 

Med, 361(7), 664–673.  

 

Schmitz, K. H., Cappola, A. R., Stricker, C. T., Sweeney, C., & Norman, S. A. (2007a). The 

intersection of cancer and aging: Establishing the need for breast cancer rehabilitation. 

Cancer Epidemiology Biomarkers and Prevention, 16(5), 866–872.  

 

Schmitz, K. H., Cappola, A. R., Stricker, C. T., Sweeney, C., & Norman, S. a. (2007b). The 

intersection of cancer and aging: establishing the need for breast cancer rehabilitation. 

Cancer Epidemiology, Biomarkers & Prevention : A Publication of the American 

Association for Cancer Research, Cosponsored by the American Society of Preventive 

Oncology, 16(5), 866–72.  

 

Schmitz, K. H., Courneya, K. S., Matthews, C., Demark-Wahnefried, W., Galvao, D. A., Pinto, 

B. M., … Schwartz, A. L. (2010). American College of Sports Medicine Roundtable on 



208 

exercise guidelines for cancer survivors. Medicine & Science in Sports & Exercise, 42(7), 

1409–1426. 

 

Schoenborn, C. A., Adams, P. F., & Peregoy, J. A. (2013). Health behaviors of adults: United 

States, 2008-2010. National Center for Health Statistics. Vital Health Stat, 10(257). 

 

Schulte, J. N., & Yarasheski, K. E. (2001). Effects of resistance training on the rate of muscle 

protein synthesis in frail elderly people. International Journal of Sport Nutrition and 

Exercise Metabolism, 11 Suppl, S111–S118. 

 

Schwartz, A. L., & Winters-Stone, K. M. (2009). Effects of a 12-month randomized controlled 

trial of aerobic or resistance exercise during and following cancer treatment in women. The 

Physician and Sportsmedicine, 37(3), 62–67. 

 

Schwartz, A. L., Winters-Stone, K. M., & Gallucci, B. (2007). Exercise effects on bone mineral 

density in women with breast cancer receiving adjuvant chemotherapy. Oncol Nurs Forum. 

 

Sehl, M., Lu, X., Silliman, R., & Ganz, P. A. (2013). Decline in physical functioning in first two 

years after breast cancer diagnosis predicts 10 year survival in older women. Journal of 

Cancer Survivorship, 7(1), 20–31. 

 

Servaes, P., Verhagen, C., & Bleijenberg, G. (2002). Fatigue in cancer patients during and after 

treatment: prevalence, correlates and interventions. European Journal of Cancer, 38(1), 27–

43. 

 

Shacter, E., Beecham, E. J., Covey, J. M., Kohn, K. W., & Potter, M. (1988). Activated 

neutrophils induce prolonged DNA damage in neighboring cells. Carcinogenesis, 9(12), 

2297–2304. 

 

Shanik, M. H., Xu, Y., Skrha, J., Dankner, R., Zick, Y., & Roth, J. (2008). Insulin resistance and 

hyperinsulinemia: Is hyperinsulinemia the cart or the horse? Diabetes Care, 31(Suppl 2), 

S262–S268. 

 

Shapiro, C., Manola, J., & Leboff, M. (2001). Ovarian failure after adjuvant chemotherapy is 

associated with rapid bone loss in women with early-stage breast cancer. Journal of Clinical 

Oncology, 19(14), 3306–3311. 

 

Shefer, G., Mark, D. P. Van De, Richardson, J. B., & Yablonka-reuveni, Z. (2006). Satellite-cell 

pool size does matter: defining the myogenic potency of aging skeletal muscle, 294(1), 50–

66.  

 

Siegel, R. L., Miller, K. D., & Jemal, A. (2016). Cancer statistics, 2016. CA: A Cancer Journal 

for Clinicians, 66(1), 7–30. 

 

 

 



209 

Sih, R., Morley, J. E., Kaiser, F. E., Perry, H. M., Patrick, P., & Ross, C. (1997). Testosterone 

replacement in older hypogonadal men: A 12-month randomized controlled trial. The 

Journal of Clinical Endocrinology & Metabolism, 82(6), 1661–1667. 

 

Simonavice, E., Liu, P.-Y., Ilich, J. Z., Kim, J.-S., Arjmandi, B., & Panton, L. (2015). The 

effects of resistance training on physical function and quality of life in breast cancer 

survivors. Healthcare, 3(3), 695–709. 

 

Simonavice, E., Liu, P.-Y., Ilich, J. Z., Kim, J.-S., Arjmandi, B., & Panton, L. B. (2014). The 

effects of a 6-month resistance training and dried plum consumption intervention on 

strength, body composition, blood markers of bone turnover, and inflammation in breast 

cancer survivors. Applied Physiology, Nutrition, and Metabolism, 39(6), 730–739. 

 

Simonavice, E., Liu, P.-Y., Ilich, J. Z., Kim, J.-S., & Panton, L. B. (2011). Body composition, 

muscular strength, and physical function in breast cancer survivors. International Journal of 

Body Composition Research, 9(2), 57–64. 

 

Sipila, S., Viitasalo, J., Era, P., & Suominen, H. (1991). Muscle strength in male athletes aged 

70-81 years and a population sample. European Journal of Applied Physiology, 63, 399–

403. 

 

Smilios, I., Pilianidis, T., Karamouzis, M., Parlavantzas, A., & Tokmakidis, S. (2007). Hormonal 

responses after a strength endurance resistance exercise protocol in young and elderly 

males. International Journal of Sports Medicine, 28(5), 401–406. 

 

Snijders, T., Verdijk, L. B., & van Loon, L. J. C. (2009). The impact of sarcopenia and exercise 

training on skeletal muscle satellite cells. Ageing Research Reviews, 8(4), 328–38. 

http://doi.org/10.1016/j.arr.2009.05.003 

 

Soliman, G. A. (2015). The expanding role of the mammalian Target of Rapamycin Complex 2 ( 

mTORC2 ) in cellular metabolism. Archives of Medicine, 7(6), 1–8. 

 

Speed-Andrews, A. E., Stevinson, C., Belanger, L. J., Mirus, J. J., & Courneya, K. S. (2010). 

Pilot evaluation of an Iyengar yoga program for breast cancer survivors. Cancer Nursing, 

33(5), 369–381. 

 

Stålberg, E., & Fawcett, P. R. (1982). Macro EMG in healthy subjects of different ages. Journal 

of Neurology, Neurosurgery, and Psychiatry, 45(10), 870–878. 

 

Stasi, R., Abriani, L., Beccaglia, P., Terzoli, E., & Amadori, S. (2003). Cancer-related fatigue: 

Evolving concepts in evaluation and treatment. Cancer, 98(9), 1786–1801. 

 

Sweeney, C., Schmitz, K. H., Lazovich, D., Virnig, B. A., Wallace, R. B., & Folsom, A. R. 

(2006). Functional limitations in elderly female cancer survivors. Journal of the National 

Cancer Institute, 98(8), 521–529. 

 



210 

Symons, T. B., Sheffield-Moore, M., Mamerow, M. M., Wolfe, R. R., & Paddon-Jones, D. 

(2011). The anabolic response to resistance exercise and a protein-rich meal is not 

diminished by age. The Journal of Nutrition, Health & Aging, 15(5), 376–81. 

 

Tan, S. D., de Vries, T. J., Kuijpers-Jagtman, A. M., Semeins, C. M., Everts, V., & Klein-

Nulend, J. (2007). Osteocytes subjected to fluid flow inhibit osteoclast formation and bone 

resorption. Bone, 41(5), 745–751. 

 

Tang, B. M. P., Eslick, G. D., Nowson, C., Smith, C., & Bensoussan, A. (2007). Use of calcium 

or calcium in combination with vitamin D supplementation to prevent fractures and bone 

loss in people aged 50 years and older: a meta-analysis. Lancet, 370, 657.  

 

Tenover, J. S. (1992). Effects of testosterone supplementation in the aging male. The Journal of 

Clinical Endocrinology & Metabolism, 75(4), 1092–1098. 

 

Theoharides, T. C., Alysandratos, K.-D., Angelidou, A., Delivanis, D.-A., Sismanopoulos, N., 

Zhang, B., … Kalogeromitros, D. (2012). Mast cells and inflammation. Biochimica et 

Biophysica Acta, 1822(1), 21–33.  

 

Tiong, V., Rozita, A. M., Taib, N. A., Yip, C. H., & Ng, C. H. (2014). Incidence of 

chemotherapy-induced ovarian failure in premenopausal women undergoing chemotherapy 

for breast cancer. World Journal of Surgery, 38, 2288–2296. 

 

Tomich, P. L., & Helgeson, V. S. (2002). Five years later: A cross-sectional comparison of 

breast cancer survivors with healthy women. Psycho-Oncology, 11(2), 154–169. 

 

Tomlinson, B. E., & Irving, D. (1977). The numbers of limb motor neurons in the human 

lumbosacral cord throughout life. Journal of the Neurological Sciences, 34(2), 213–219. 

 

Tudor-Locke, C., & Bassett, D. R. (2004). How many steps/day are enough? Preliminary 

pedometer indices for public health. Sports Medicine, 34(1), 1–8. 

 

Turner, C. H. (1998). Three rules for bone adaptation to mechanical stimuli. Bone, 23(5), 399–

407. 

 

Urb, M., & Sheppard, D. C. (2012). The role of mast cells in the defence against pathogens. 

PLoS Pathogens, 8(4), e1002619. 

 

Urban, R. J., Bodenburg, Y. H., Gilkison, C., Foxworth, J., Coggan, A. R., Wolfe, R. R., & 

Ferrando, A. (1995). Testosterone administration to elderly men increases skeletal muscle 

strength and protein synthesis. American Journal of Physiology-Endocrinology and 

Metabolism, 269(5), E820–E826. 

 

Vainionpää, A., Korpelainen, R., Leppäluoto, J., & Jämsä, T. (2005). Effects of high-impact 

exercise on bone mineral density: A randomized controlled trial in premenopausal women. 

Osteoporosis International, 16(2), 191–197. http://doi.org/10.1007/s00198-004-1659-5 



211 

van den Beld, A. W., de Jong, F. H., Grobbee, D. E., Pols, H. A. P., & Lamberts, S. W. J. (2000). 

Measures of bioavailable serum testosterone and estradiol and their relationships with 

muscle strength, bone density, and body composition in elderly men. The Journal of 

Clinical Endocrinology & Metabolism, 85(9), 3276–3282. 

 

van Geel, T. a C. M., Geusens, P. P., Winkens, B., Sels, J.-P. J. E., & Dinant, G.-J. (2009). 

Measures of bioavailable serum testosterone and estradiol and their relationships with 

muscle mass, muscle strength and bone mineral density in postmenopausal women: a cross-

sectional study. European Journal of Endocrinology / European Federation of Endocrine 

Societies, 160(4), 681–687.  

 

Van Leeuwen, B. L., Kamps, W. A., Jansen, H. W. B., & Hoekstra, H. J. (2000). The effect of 

chemotherapy on the growing skeleton. Cancer Treatment Reviews, 26(5), 363–376.  

 

van Norren, K., van Helvoort, A., Argilés, J. M., van Tuijl, S., Arts, K., Gorselink, M., … van 

der Beek, E. M. (2009). Direct effects of doxorubicin on skeletal muscle contribute to 

fatigue. British Journal of Cancer, 100, 311–314. 

 

Vehmanen, L., Elomaa, I., Blomqvist, C., & Saarto, T. (2006). Tamoxifen treatment after 

adjuvant chemotherapy has opposite effects on bone mineral density in premenopausal 

patients depending on menstrual status. Journal of Clinical Oncology, 24(4), 675–680. 

 

Vehmanen, L., Saarto, T., Elomaa, I., Makela, P., Valimaki, M., & Blomqvist, C. (2001). Long-

term impact of chemotherapy-induced ovarian failure on bone mineral density (BMD) in 

premenopausal breast cancer patients. The effect of adjuvant clodronate treatment. 

European Journal of Cancer, 37(18), 2373–2378. 

 

Veldhuis, J. D., Iranmanesh, A., & Weltman, A. (1997). Elements in the pathophysiology of 

diminished growth hormone (GH) secretion in aging humans. Endocrine, 7(1), 41–48. 

 

Verdijk, L. B., Gleeson, B. G., Jonkers, R. a M., Meijer, K., Savelberg, H. H. C. M., Dendale, P., 

& van Loon, L. J. C. (2009). Skeletal muscle hypertrophy following resistance training is 

accompanied by a fiber type-specific increase in satellite cell content in elderly men. The 

Journals of Gerontology. Series A, Biological Sciences and Medical Sciences, 64(3), 332–

339. 

 

Verdijk, L. B., Koopman, R., Schaart, G., Meijer, K., Savelberg, H. H. C. M., & Van Loon, L. J. 

C. (2007). Satellite cell content is specifically reduced in type II skeletal muscle fibers in 

the elderly. American Journal of Endocrinology and Metabolism, 292, E151–E157. 

 

Visser, M., Goodpaster, B. H., Kritchevsky, S. B., Newman, A. B., Nevitt, M., Rubin, S. M., … 

Harris, T. B. (2005). Muscle mass, muscle strength, and muscle fat infiltration as predictors 

of incident mobility limitations in well-functioning older persons. The Journals of 

Gerontology. Series A, Biological Sciences and Medical Sciences, 60(3), 324–333. 

 

 



212 

Visser, M., Harris, T. B., Langlois, J., Hannan, M. T., Roubenoff, R., Felson, D. T., … Kiel, D. 

P. (1998). Body fat and skeletal muscle mass in relation to physical disability in very old 

men and women of the Framingham Heart Study. J Gerontol A Biol Sci Med Sci, 53(3), 

M214-21. 

 

Visser, M., Pahor, M., Taaffe, D. R., Goodpaster, B. H., Simonsick, E. M., Newman, A. B., … 

Harris, T. B. (2002). Relationship of interleukin-6 and tumor necrosis factor-alpha with 

muscle mass and muscle strength in elderly men and women: the Health ABC Study. 

Journal of Gerontology: Medical Sciences, 57A(5), M326–M332.  

 

Vogelzang, N. J., Breitbart, W., Cella, D., Curt, G. A., Groopman, J. E., Horning, S. J., … 

Portenoy, R. K. (1997). Patient, caregiver, and oncologist perceptions of cancer-related 

fatigue: results of a tripart assessment survey. The Fatigue Coalition. Seminars in 

Hematology, 34(3 Suppl 2), 4–12. 

 

von Haehling, S., Morley, J. E., & Anker, S. D. (2010). An overview of sarcopenia: Facts and 

numbers on prevalence and clinical impact. Journal of Cachexia, Sarcopenia and Muscle, 

1(2), 129–133. 

 

Walsh, L. J., Trinchieri, G., Waldorf, H. a, Whitaker, D., & Murphy, G. F. (1991). Human 

dermal mast cells contain and release tumor necrosis factor alpha, which induces 

endothelial leukocyte adhesion molecule 1. Proceedings of the National Academy of 

Sciences of the United States of America, 88(10), 4220–4224.  

 

Waltman, N. L., Twiss, J. J., Ott, C. D., Gross, G. J., Lindsey, A. M., Moore, T. E., & Berg, K. 

(2003). Testing an intervention for preventing osteoporosis in postmenopausal breast cancer 

survivors. Journal of Nursing Scholarship, 35(4), 333–338. 

 

Waltman, N. L., Twiss, J. J., Ott, C. D., Gross, G. J., Lindsey, A. M., Moore, T. E., … Kupzyk, 

K. (2010). The effect of weight training on bone mineral density and bone turnover in 

postmenopausal breast cancer survivors with bone loss: A 24-month randomized controlled 

trial. Osteoporosis International, 21(8), 1361–1369. 

 

Wanagat, J., Cao, Z., Pathare, P., & Aiken, J. M. (2001). Mitochondrial DNA deletion mutations 

colocalize with segmental electron transport system abnormalities, muscle fiber atrophy, 

fiber splitting, and oxidative damage in sarcopenia. FASEB Journal, 15(2), 322–332. 

 

Wang, T. M., & Shih, C. (1986). Study of histomorphometric changes of the mandibular 

condyles in neonatal and juvenile rats after administration of cyclophosphamide. Cells 

Tissues Organs, 127(2), 93–99. 

 

Warden, S. J., Hurst, J. A., Sanders, M. S., Turner, C. H., Burr, D. B., & Li, J. (2005). Bone 

adaptation to a mechanical loading program significantly increases skeletal fatigue 

resistance. Journal of Bone and Mineral Research, 20(5), 809–816. 

 

 



213 

Warmuth, M. A., Bowen, G., Prosnitz, L. R., Chu, L., Broadwater, G., Peterson, B., … Winer, E. 

P. (1998). Complications of axillary lymph node dissection for carcinoma of the breast: A 

report based on a patient survey. Cancer, 83(7), 1362–1368. 

 

Watson, K. B., Carlson, S. A., Gunn, J. P., Galuska, D. A., O’Connor, A., Greenlund, K. J., & 

Fulton, J. E. (2016). Physical inactivity among adults aged 50 years and older — United 

States, 2014. 

 

Webster, K., Cella, D., & Yost, K. (2003). The functional assessment of chronic illness therapy 

(FACIT) measurement system: Properties, applications, and interpretation. Health Qual Life 

Outcomes, 1(1), 79. 

 

Weinbaum, S., Cowin, S. C., & Zeng, Y. (1994). A model for the excitation of osteocytes by 

mechanical loading-induced bone fluid shear stresses. Journal of Biomechanics, 27(3), 339–

360. 

 

Weitzner, M. a, Meyers, C. A., Stuebing, K. K., & Saleeba, A. K. (1997). Relationship between 

quality of life and mood in long-term survivors of breast cancer treated with mastectomy. 

Supportive Care in Cancer, 5(3), 241–248. 

 

Welle, S. (1998). Growth hormone and insulin-like growth factor-I as anabolic agents. Current 

Opinion in Clinical Nutrition and Metabolic Care, 1(3), 257–262. 

 

Welle, S., Bhatt, K., Shah, B., Needler, N., Delehanty, J. M., & Thornton, C. a. (2003). Reduced 

amount of mitochondrial DNA in aged human muscle. Journal of Applied Physiology 

(Bethesda, Md. : 1985), 94(4), 1479–84.  

 

Wheeler, D. L., Vander Griend, R. A., Wronski, T. J., Miller, G. J., Keith, E. E., & Graves, J. E. 

(1995). The short- and long-term effects of methotrexate on the rat skeleton. Bone, 16(2), 

215–221. 

 

World Health Organization. Division of Mental Health and Prevention of Substance Abuse. 

( 1997) . WHOQOL : measuring quality of life. Geneva: World Health Organization. 

 

Widmaier, E., Raff, H., & Strang, K. (2014). Vander’s human physiology: The mechanisms of 

body function (13th ed.). New York: The McGraw-Hill Companies, Inc. 

 

Winters-Stone, K. M., Dobek, J., Bennett, J. A., Nail, L. M., Leo, M. C., & Schwartz, A. (2012). 

The effect of resistance training on muscle strength and physical function in older, 

postmenopausal breast cancer survivors: A randomized controlled trial. Journal of Cancer 

Survivorship, 6(2), 189–199. 

 

Winters-Stone, K. M., Dobek, J., Nail, L., Bennett, J. A., Leo, M. C., Naik, A., & Schwartz, A. 

(2011). Strength training stops bone loss and builds muscle in postmenopausal breast cancer 

survivors: A randomized controlled trial. Breast Cancer Research and Treatment, 127(2), 

447–456. 



214 

Winters-Stone, K. M., Dobek, J., Nail, L. M., Bennett, J. A., Leo, M. C., Torgrimson-Ojerio, B., 

… Schwartz, A. (2013). Impact + resistance training improves bone health and body 

composition in prematurely menopausal breast cancer survivors: a randomized controlled 

trial. Osteoporosis International, 24(5), 1637–1646. 

 

Winters-Stone, K. M., Laudermilk, M., Woo, K., Brown, J. C., & Schmitz, K. H. (2014). 

Influence of weight training on skeletal health of breast cancer survivors with or at risk for 

breast cancer-related lymphedema. Journal of Cancer Survivorship, 8(2), 260–268. 

 

Wroblewski, A. P., Amati, F., Smiley, M. A., Goodpaster, B., & Wright, V. (2011). Chronic 

exercise preserves lean muscle mass in masters athletes. The Physician and Sportsmedicine, 

39(3), 172–178. 

 

Yamazaki, S., Ichimura, S., Iwamoto, J., Takeda, T., & Toyama, Y. (2004). Effect of walking 

exercise on bone metabolism in postmenopausal women with osteopenia/osteoporosis. 

Journal of Bone and Mineral Metabolism, 22(5), 500–508. 

 

Yorks, D. M., Frothingham, C. A., & Schuenke, M. D. (2017). Effects of group fitness classes on 

stress and quality of life of medical students. The Journal of the American Osteopathic 

Association, 117(11), e17–e25. 

 

Yoshimura, K., & Harii, K. (1999). A regenerative change during muscle adaptation to 

denervation in rats. The Journal of Surgical Research, 81, 139–146. 

 

Young, A., Weltzien, E., Kwan, M., Castillo, A., Caan, B., & Kroenke, C. H. (2014). Pre- to 

post-diagnosis weight change and associations with physical functional limitations in breast 

cancer survivors. Journal of Cancer Survivorship: Research and Practice, 8(4), 539–547. 

 

Zampeli, E., & Tiligada, E. (2009). The role of histamine H4 receptor in immune and 

inflammatory disorders. British Journal of Pharmacology, 157(1), 24–33. 

 

Zehnacker, C. H., & Bemis-Dougherty, A. (2007). Effect of weighted exercises on bone mineral 

density in post menopausal women. A systematic review. Journal of Geriatric Physical 

Therapy, 30(2), 79–88. 

 

Zhang, X., Brown, J. C., & Schmitz, K. H. (2016). Association between body mass index and 

physical function among endometrial cancer survivors. PLoS ONE, 11(8), e0160954. 

 

Zhao, R., Zhao, M., & Xu, Z. (2015). The effects of differing resistance training modes on the 

preservation of bone mineral density in postmenopausal women: A meta-analysis. 

Osteoporosis International, 26(5), 1605–1618. 

 

Zinzalla, V., Stracka, D., Oppliger, W., & Hall, M. N. (2011). Activation of mTORC2 by 

association with the ribosome. Cell, 144(5), 757–768. 

 

 



215 

Zoncu, R., Efeyan, A., & Sabatini, D. M. (2011). mTOR: from growth signal integration to 

cancer, diabetes and ageing. Nature Reviews. Molecular Cell Biology, 12(1), 21–35. 

 

Zurrida, S., & Veronesi, U. (2015). Milestones in breast cancer treatment. The Breast Journal, 

21(1), 3–12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



216 

BIOGRAPHICAL SKETCH 

 

 
Ashley Lynn Artese is a native of Sewell, NJ. She completed her bachelor’s degree in 

kinesiology from the College of William and Mary and master’s degree in exercise science from 

the University of South Carolina (USC). Prior to returning to graduate school at Florida State 

University (FSU) to pursue a PhD in Exercise Physiology, she worked as an exercise 

physiologist for Tideland’s Health in Pawleys Island, SC. Ashley has served as a teaching 

assistant at both USC and FSU, and she has assisted with providing training and education to 

teaching assistants throughout the university through her work as a Program for Instructional 

Excellence (PIE) Associate for the past three years. She has been awarded both the American 

College of Sports Medicine (ACSM) Foundation Doctoral Student Research Grant and the 

National Strength and Conditioning Association (NSCA) Foundation Doctoral Student Research 

Grant for her dissertation project. She has also won several research and leadership awards 

including the FSU Graduate School Research and Creativity Award, College of Human Sciences 

Academic Leadership Award, and the Florence Smith McAllister Endowed Fellowship. She will 

receive her Doctor of Philosophy in August of 2018. 

 


