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ABSTRACT 

Considerable changes in the practice of chemotherapy have occurred which include the shift 

of the majority of therapy to an outpatient setting and the availability of more effective antiemetic 

agents to U'eat nausea and vomiting. The outpatient delivery of chemotherapy is also characterized 

by limited nutrition intervention. Data are not available that define the impact of these changes in 

chemotherapy practice on the nutritional status of outpatients receiving chemotherapy. 

Consequently, this study was designed to address four primary aims. The first aim was to 

observe the change in degree of common side effects, or symptom distress, and in nutritional and 

functional status measures over 3 months in outpatient chemotherapy patients. The second aim was 

to test the utility of two versions of a nutrition risk scoring tool. Version A includes weight change 

and subjective appetite ratings. Version B incorporates change in fat-free mass (FFM) measures by 

bioelectrical impedance analysis (BIA) and energy and protein intakes. The third purpose was to 

examine the relationship of the nutritional and other factors studied with response to chemotherapy. 

Finally, comparisons were made among the body composition results from skinfold thickness 

measures and BIA using instrument manufacturer-supplied and population-specific equations. 

A key finding from this study was that Nutrition Risk Score A detected nutritional change 

over time and lower scores were correlated with positive chemotherapy response. Unanticipated 

findings from this study were the significant gender differences in nutritional and clinical factors and 

their relationships to chemotherapy response. Male subjects experienced weight loss and an overall 

decrease in nutritional status as demonstrated by an increase in Nutritional Risk Score A, while 

female subjects did not have weight loss and had a trend towards improved Nutritional Risk Score 

A. The Kushner et al (1992) BIA equation produced the closest estimates of body fat mass to those 

obtained using the Dumin and Womersley (1974) skinfold method. The population-based BIA 
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equations were not interchangeable with each other or with the manufacturer's equation. Except for 

female breast cancer patients, the population-based BIA equations were interchangeable with each 

other for estimating FFM, but not with the manufacturer's equation. 
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INTRODUCTION 

Every sixty seconds in the United States, one person dies of cancer. Even though this 

calculates to well over one-half million people each year, there have been tremendous strides in the 

clinical outcome of cancer patients. Since the early 1900's there have been significant improvements 

in the five-year survival rates of patients diagnosed with cancer. In the 1930's for instance, only 25% 

of cancer patients were alive five years after treatment compared to almost 50% of cancer patients 

today (Parker et al, 1996). 

Cancer research first appeared in the national spotlight on December 23, 1971, when 

President Richard M. Nixon signed the National Cancer Act. Since this time new information, such 

as improved prevention and detection methods, as well as new medical treatments, have helped 

extend and improve the lives of cancer patients. While finding a cure for cancer remains the 

principal goal, the increase in patient survival rates has led to greater interest in supportive care issues 

such as symptom management and quality of life (Ottery, 1995). 

Specifically, interdisciplinary support services such as nutrition and psychosocial support 

are receiving more attention, but are not as universally applied as other medically oriented services 

(Anonymous, 1994). The lack of consistently provided nutritional care to cancer patients is 

problematic because the potential for nutritional complications is well documented and malnutrition 

is the most common secondary diagnosis (Ross, 1990). Patients with malignancy have the highest 

incidence of malnutrition of any segment of hospitalized patients with the possible exception of 

patients with acquired immune deficiency syndrome (AIDS) (Ottery, 1994). The etiology of 

impaired nutritional status is multifactorial with altered metabolism, gastrointestinal disturbances. 
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psychological stress, distorted taste perception and side effects of treatments playing major roles. 

A common assumption is that the degree of cancer predicts the extent of nutritional problems. 

Studies examining this theory have not been conclusive and thus, there is controversy as to the 

relation of the incidence and severity of malnutrition and cancer type or stage (Holroyde and 

Reichard, 1986). 

Another major factor in the development of nutritional problems in cancer patients is 

chemotherapy, which is frequently the primary cancer treatment option or part of a multi-modal 

treatment plan. Chemotherapy can impair nutritional status by causing alterations in taste, appetite 

and gastrointestinal function. Despite the known propensity for nutritional problems in 

chemotherapy patients and the well-documented impact these problems have on morbidity and 

mortality rates, nutritional care is not routinely implemented. 

The practice of cancer chemotherapy has changed considerably in the past ten years due in 

part to the introduction of more effective anti-emetic agents for the treatment of nausea and vomiting. 

Nausea and vomiting have been rated by patients as the most feared side- effects of chemotherapy 

(Beck, 1992). However, the discovery of the serotonin (5-hydroxytryptamine) and the S-HTj 

receptors in the central nervous system, being integral to the emetic response to cytotoxic drugs, has 

led to the development of more effective anti-emetic agents which in turn have greatly reduced these 

side effects (Hainsworth and Hesketh, 1992). Emesis is blocked by the antiemetic, or S-HTj 

antagonists, which suggests that emesis is mediated by serotonin acting on the S-HTj receptors. 

Many chemotherapy regimens that were barely tolerable due to excessive nausea and vomiting and 

required hospitalization can now appropriate to be delivered in an outpatient setting. In fact, the 

majority of cancer chemotherapy delivery has moved from the hospital setting to outpatient centers 

(Hainsworth and Hesketh, 1992). 
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These outpatient chemotherapy centers have advantages such as more cost-effective care and 

increased convenience for patients. However, as the acuity level required for hospitalization 

continues to rise, so does the intensity of the overall patient care requirements for the outpatient 

setting. In addition, a disadvantage of many outpatient centers is the possibility of less access to 

supportive health care professionals and less insurance reimbursement of their services. Registered 

dietitians are among the health care professionals who may be less available in the outpatient setting. 

Unlike hospitals, outpatient centers may not have access to nutritional practitioners nor do they have 

contracts for reimbursement of their services. Therefore, nutritional care may be less available to 

outpatients receiving chemotherapy. The regular intervention of a registered dietitian has been found 

to be beneficial in helping cancer patients maintain their weight and dietary intake (Ireton-Jones, 

Garritson and Kitchens, 1995). Therefore, cancer patients receiving treatment firom outpatient centers 

may be at increased nutritional risk due to a high acuity level and to less access to nutritional 

intervention. 

The majority of published studies addressing the nutritional impact of chemotherapy are 

greater than ten years old and focus primarily on patients receiving cancer treatment in a hospital. 

Malnutrition in hospitalized cancer patients has been found to increase medical costs to hospitals, 

patients, and in the new era of capitation, to the payer in the form of a higher incidence of 

complications and lengthier hospitalizations (Ireton-Jones et al, 1995). Studies are needed to address 

the impact of the significant changes in oncology care that have occurred due to the shift of most 

chemotherapy administration to the outpatient setting. 

Despite the possible increased acuity levels seen in the outpatient setting and less access to 

some health care services, today's chemotherapy patients have increased survival rates and have 

improved side-effect management. Advances in diagnostic procedures, medical and surgical 
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management and pharmacology, have also changed the scope of the practice of oncology. Data are 

not available that define the impact of these significant changes in chemotherapy practice on the 

nutritional status of outpatients receiving chemotherapy. A current assessment of chemotherapy 

practice and its nutritional impact are needed to formulate optimal nuUitional standards of care. 

These standards must undergo regular revision to be consistent with changes in medical care. Studies 

of the importance of loss of appetite, weight and the functional impairments that result are paramount 

because for many patients these factors form the basis of the decision to continue or discontinue 

chemotherapy (Skeel, Sponzo and Tormey 1993). These factors also have the potential to be 

modified by nutritional care. It is also important to consider the impact and severity of side effects 

and complaints common in patients receiving chemotherapy because many of them can interfere with 

appetite and increase nutritional risk. One way in which this aspect is monitored is with a validated 

tool, such as the Symptom Distress Scale (McCorkle and Young, 1978). 

The paucity of research specific to outpatient chemotherapy treatment and clinical experience 

with these patients prompted the desire to design a prospective study to observe nutritional and 

functional status changes over the course of treatment and to explore how these changes relate to 

clinical outcome. Specifically, four primary aims formed the basis of this project. The first aim was 

to describe the extent of change in nutritional and functional status and Symptom Distress Scale 

scores for a group of outpatient chemotherapy patients. The second aim was to test the utility of two 

adaptations of a nutrition risk tool to monitor nutritional change and to determine if the inclusion of 

body composition data improved the usefulness of the tool. The third aim was to investigate the 

relationship between the nutrition risk tools, and body weight and composition with response to 

chemotherapy. The fourth aim was to compare the body composition data obtained by the skinfold 

method with that obtained by the bioelectrical impedance analysis (BIA) method using either 
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instrument manufacturer-supplied or population-based equations. These aims were addressed by 

three research hypotheses that are presented Chapter 4. A review of relevant literature is presented 

in Chapter 2. The relevance and conclusions based on the results is provided in Chapter S. 

This longitudinal study of a heterogeneous group of cancer patients is characterized by 

unequal numbers of observations. Although every effort was made to obtain data according to the 

study protocol, this was often not possible due to the complex nature and unpredictability of the 

clinical course of the study subjects, which are common impediments to doing research with this 

patient population. Clinical factors which interfered with data collection include last minute schedule 

changes due to low white blood cell counts, patients feeling too ill to complete study visits, subjects 

forgetting or not feeling well enough to complete diet records, and patients deciding to stop 

chemotherapy treatments. 



CHAPTER 2 

18 

REVIEW OF LITERATURE 

Malnutrition 

Despite advancements in cancer treatment and in the practice of nutrition support, 

malnutrition remains a significant complication affecting up to two thirds of cancer patients (Dewys 

etal, 1980;0ttery, 1994). The weight loss and body composition changes that occur in malnourished 

cancer patients result in poor performance status, a term clinicians use for overall physical 

functioning, and lead to generalized debilitation (Grosvenor, Bulcavage and Chlebowski,1989). 

Other potential effects of poor nutrition in cancer patients include decreased quality of life (Murray, 

1986; Ovesen, Hannibal and Mortensen, 1993), poor treatment response (Ottery, 1994), increased 

morbidity, medical expense and dependence on support services (Ireton-Jones et ai, 1995) and 

decreased survival (Dewys et al, 1980). 

All patients diagnosed with cancer are at risk for developing nutritional problems (Halpert 

and Zahyna, 1993). Although the prevalence of weight loss appears to be related to the type of tumor 

(Dewys et al, 1980), it is not necessarily related to extent of cancer (Shike and Brennan, 1989). 

Therefore, it is difficult to predict which cancer patients will suffer nutritional complications. One 

reason may be that the term cancer encompasses many complex diseases with different biological 

effects and treatment regimes with accompanying side effects. There is also considerable variation 

in nutritional response among individuals with similar disease and treatment regimes. Therefore, 

differences in nutritional problems exist between different diagnoses as well as between individuals. 
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Types of Malnutrition 

Malnutrition can be divided into two major types, marasmus and kwashiorkor, which have 

been studied extensively in clinical situations. The two types are distinguished by differences in the 

general utilization of nutrients as a function of whether the patient is in a physiologically stressed or 

unstressed state. The evolution of mild protein energy deficits into kwashiorkor or marasmus may 

be partly related to differences in adrenocortico response. In marasmus hormones from the 

adrenocortico region stimulate adaptations to preserve visceral proteins (Shils, 1988), whereas 

kwashiorkor is characterized by the depletion of visceral proteins. Despite the differences, the two 

main types of malnutrition are not considered discrete phenomena, but represent different forms of 

the same condition (Rao, 1974). Within each type of malnutrition the metabolic responses vary 

depending on the duration of time the patient has been in the given clinical condition. 

The first type of malnutrition, marasmus, is the result of a prolonged period of unstressed 

starvation in which energy expenditure exceeds caloric intake. Manifestations of marasmic type 

malnutrition are depressed anthropometric measurements, marked weight loss and preserved serum 

visceral protein indices (Arroyave et al, 1962). Patients suffering from anorexia nervosa are 

examples of this type of malnutrition. Marasmus is defined as the progressive semi-starvation of 

unstressed humans and is characterized by a sequence of adaptive metabolic responses aimed at the 

preservation of body fuel stores, with an emphasis on the preservation of protein (Heber et al, 1986). 

One adaptive response is a declining resting metabolic rate. This reduction of energy requirements 

in healthy fasting subjects is typically up to 20% of resting energy expenditure and is seen with less 

than a 5% loss of fat-free body mass (FFM) (Heber et al, 1986). This suggests that factors other than 

the loss of metabolically active tissue are involved in the fall in resting metabolic rates. Another such 

adaptive response is the reduction of serum insulin. This decreased supply of insulin facilitates the 
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mobilization of fat to meet energy requirements and the mobilization of protein to support 

maintenance of visceral protein synthesis. In turn, glucose utilization by the central nervous system 

decreases and ketone production facilitates fat utilization. Marasmus is well tolerated in the absence 

of acute illness, until weight loss exceeds 40% of original body weight (Bistrian, 1986). 

Weight loss is not a necessary feature of the second type of malnutrition, adult kwashiorkor 

or acute visceral attrition. The hallmark of this type of malnutrition is depletion of serum proteins. 

Kwashiorkor results from the complex metabolic responses to physiologic stressors, such as injury, 

infection, and certain types of cancerous tumors (Arroyave et al, 1962). These physiologic stressors 

initiate the acute phase response, a process that plays a prominent role in the increase in whole body 

protein synthetic and catabolic rates. This response also is characterized by fluid shifts that can make 

body weight an unreliable nutritional monitor. The release of cytokines such as interleukin-I and 

other monokines by monocytes and macrophages are believed to be integral parts of this process. 

Another component of the metabolic response to stress is the regulation of the neuroendocrine 

system. This system releases various pituitary hormones including adrenocorticotropic hormone and 

growth hormone, which regulate lipolysis and are involved in glucose regulation. Various hormones 

of the adrenal gland are also a part of the response. 

There may be some differences in the presentation of malnutrition in cancer patients. The 

classic metabolic adaptations to starvation may be altered in cancer patients (Heber et al, 1986). The 

alterations in adaptive response to starvation seen in cancer result in clinically significant metabolic 

consequences. Some cancer types such as non-small cell lung cancer have been shown to exhibit an 

acute phase response with hypoalbuminemia characteristic of stress related illness (Bistrian, 1986). 

In addition, interleukin-I is released by certain tumors such as renal cell cancer and Hodgkin's 

Disease in response to fever (Bistrian, 1986). 
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The presence of malnutrition in cancer may progress to cancer cachexia, an advanced stage 

of malnutrition distinguished by tumor induced metabolic abnormalities and clinically progressive, 

involuntary weight loss in cancer patients (Kern and Norton, 1988). There are no formal criteria for 

the diagnosis of cachexia. Characteristic effects of cancer cachexia include weakness, early satiety, 

depression, reduced attention span and concentration ability, as well as loss of immuno-competence 

(Costa and Donaldson, 1980). 

Cancer cachexia is defined as an advanced state of inanition, distinguished by tumor-induced 

metabolic abnormalities and clinically progressive, involuntary weight loss. Cancer cachexia is 

characterized by profound anorexia, accelerated wasting of host tissue mass, and failure of adequate 

nutrient absorption and utilization (Kern and Norton, 1988). Hormonal changes and multi-organ 

failure are also possible manifestations of cachexia (Burke, Bryson and Kark, 1980). Consequently, 

cachexia is a major contributor to the morbidity and mortality in up to two-thirds of cancer patients 

(Warren, 1932) and occurs in greater than 80% of cancer patients before death (Schmoll, 1992). 

Although generally associated with terminal patients with metastatic disease, cachexia may even be 

present in the early stages of malignancy (Kern and Norton, 1988). Factors which may contribute 

to the development of cachexia by inducing a persistent net negative energy balance include 

metabolic abnormalities, anorexia, altered energy expenditure and side effects of cancer therapies 

(Kern and Norton, 1988). Cachexia is associated with a poor prognosis. 

Etiology of Malnutrition 

Tumor Effects. The pathophysiology and treatment of cancer-related malnutrition or 

cachexia, have challenged generations of scientists. In the 1920s, based on autopsy studies, 

pathologist Shields Warren determined that malnutrition is often the ultimate cause of death in cancer 

(Warren, 1932). Historically, the pathophysiology of cancer cachexia was believed to be the result 
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of tumors consuming large amounts of calories. This theory was introduced in 1909 by Moreschi 

and came to be known as the "caloric steal" theory (Torosian and Nguyen, 1989). However, since 

tumors rarely exceed 5% of total body weight, this theory has been deemed unlikely (Heber and 

Tchekmedyian, 1992). Another similar and frequently cited theory speculates that nutrients enhance 

tumor growth and deplete the host via the "nitrogen trap" theory. This theory proposed by Mider, 

Tesluk and Morton in 1948 is that tumors starve the host by acting as a sieve to trap nutrients and 

nitrogen (Fenninger and Mider, 1954). These theories have persisted despite being described before 

1960 as inadequate to explain the profound metabolic alterations in cancer patients (Terepka and 

Waterhouse, 1956). The simplistic theories are gradually being replaced by emerging discoveries 

about the metabolic or "paraendocrine" effects of tumor cells. 

These localized and systemic effects of tumors are essential to consider when discussing the 

multi-factorial etiology of malnutrition in cancer. Localized tumor effects are those which are 

associated with the location or direct impact of the tumor. These include pain, diarrhea, obstruction, 

dysphagia, vomiting and organ dysfunction with nutritional implications (Shils, 1990). For example, 

neck tumors interfere with swallowing ability and pancreatic cancer interferes with enzyme 

production necessary for digestion of food. Systemic effects are multiple as well as variable and 

include anorexia and hormonal abnormalities, altered substrate metabolism, and increased energy 

expenditure. Specific treatments of cancer may also adversely impact nutritional status. Treatment 

regimes may include combinations of surgery, radiotherapy, immunotherapy and chemotherapy, each 

with the potential to affect nutritional status. However, the scope of the discussion of cancer 

treatment will be limited to the nutritional impact of chemotherapy treatment. Psychological factors 

also contribute to the nutritional status of cancer patients and will be briefly discussed. Although 
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many cancer patients have similar nutritional concerns, breast cancer is associated with distinct 

nutritional problems that impact prognosis and thus merit separate consideration. 

Anorexia. One of the most significant and poorly understood side effects of cancer and its 

treatments is anorexia. It is a measurable and common complaint, which often results in poor 

appetite and food intake. Appetite, the ability to eat and derive pleasure from food, is an essential 

element for the preservation of a cancer patient's quality of life (Sama et al, 1993). Moreover, 

anorexia is the most common symptom contributing to poor intake in most cancer patients (Ottery, 

1995). In a study of 159 patients with common tumor types, Tchekmedyian (1992) found that 

anorexia was experienced by 33-75% of patients. If anorexia becomes a chronic problem, it leads 

to involuntary weight loss (Tchekmedyian, 1992). The frequency and clinical significance of 

anorexia is well recognized and investigators of cancer treatment trials use anorexia assessment 

measures as outcome variables when evaluating treatments. 

The perception of taste may be a factor in the development of anorexia. De Wyes and Herbst 

(1977) hypothesized that cancer patients have an altered taste perception. In their study, 50 cancer 

patients and 25 healthy controls evaluated oral supplements using a double blind, randomized 

sequence. Cancer patients evaluated the products significantly different than controls and had lower 

levels of urea recognition, an index of taste acuity (De Wyes and Herbst, 1977). 

Treatments may also induce anorexia as a side effect or by learned food aversions resulting 

from associations of foods eaten prior to episodes of nausea and vomiting. Additionally, the fear and 

anxiety associated with the diagnosis of cancer can adversely affect appetite and tolerance of food 

eaten. Other potential causes of anorexia include altered smell acuity, mucositis, dysphagia, and pain 

(Bruera, 1992). Delayed gastric emptying can be a side effect of narcotic analgesics prescribed for 

cancer-related pain and may also contribute to anorexia (Spaulding, 1989). Gastrointestinal factors 
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may play an important role in anorexia etiology. Grosvenor et al (1989) reviewed symptoms 

influencing weight loss and anorexia in 254 newly diagnosed cancer patients with un-resectable 

tumors. Abdominal fullness was reported by 61 % of patients and significantly more often by patients 

with weight loss. Although it is a significant and disturbing symptom, anorexia alone cannot account 

for the development of malnutrition or cachexia (Lind, Cendan and Copeland, 1995). 

Poor caloric intake is perhaps the most obvious cause of poor nutritional status in cancer 

patients, but not likely the most important cause (Chlebowski and Heber, 1986). In the Grosvenor 

et al (1989) study, caloric intake was not significantly different in patients with or without weight 

loss. Sama et al (1993) obtained similar results in a study of 28 lung cancer patients in which they 

found weight change was not related to caloric intake. 

Abnormal Host Metabolism. The failure of seemingly adequate nutritional support to 

increase the FFM of cachectic patients has been demonstrated in many studies (Heber and 

Tchekmedyian, 1992) and suggests the possibility of ineffective utilization of nutrients. There are 

documented abnormalities in glucose, protein, fat, and energy metabolism in patients with cancer 

cachexia (Kern and Norton, 1988; Byerley et al, 1991). The overall metabolic pattern described in 

cancer patients includes increased glucose utilization, increased muscle breakdown, and fat 

mobilization (Heber et al, 1986). However, due to variable results of controlled studies, there is 

controversy as to the extent that alterations in substrate utilization contribute to malnutrition in cancer 

patients (Richards et al, 1993). 

Multiple studies have documented abnormal carbohydrate metabolism in cancer patients 

(Heber et al, 1982; Chlebowski and Heber, 1986; Shaw and Wolfe, 1987; Kern and Norton, 1988; 

Byerley et al, 1991). Specifically, peripheral glucose clearance, hepatic glucose production and 

whole body glucose oxidation and turnover are altered. Cancer cells are known to have high rates 
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of glucose consumption, high rates of anaerobic glycolysis and to be susceptible to carbohydrate 

deprivation (Demetrakopoulos and Brennan, 1982). 

Elevations of hepatic glucose production in cancer patients have been demonstrated in some 

studies to be directly related to degree of malnutrition (typically defined by amount of weight lost) 

and tumor burden. In an analysis of different studies with varied tumor types, it was found that in 

10 of 13 studies reviewed, patients with weight loss had a 40% increase in hepatic glucose 

production, whereas weight stable patients had a 25% increase (Tayek, 1991). In a study of patients 

with advanced gastrointestinal cancer, significant increases in hepatic glucose production in relation 

to the amount of tumor burden were demonstrated (Shaw and Wolfe, 1987). In contrast, Tayek and 

Chlebowski (1992) found the fasting hepatic glucose production of colon cancer patients to be similar 

to healthy controls. The mechanism for the hepatic glucose elevations in cancer patients is not 

precisely defined and may be related to tumor type. In a study by Heber and Tchekmedyian (1992), 

markedly elevated glucose production rates were observed in 12 lung cancer patients when compared 

to healthy controls. In contrast to other studies, the increased rates they observed were not correlated 

with weight loss, percentage ideal weight or age. Although not measured, insulin resistance may 

have been a factor in the etiology of elevated glucose production rates in this study. 

In addition to being a possible mechanism for increased hepatic glucose production, 

gluconeogenesis may be a significant factor in the development of malnutrition in cancer due to the 

energy required for the process (Waterhouse, Jeanpretre and Keilson, 1979). In cancer patients this 

energy, associated with glucose recycling, may account for a loss of 0.9 kg of body fat per month 

(Heber et al, 1986). Support for the hypothesis that gluconeogenesis is involved in the pathogenesis 

of malnutrition in cancer is that its precursors are provided by amino acids from skeletal muscle 

(Fearon et al, 1988). 
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Another factor leading to altered glucose metabolism may be bed rest or inactivity, which 

is commonly seen with cancer patients (Kalman and Villiani, 1997). However, it is difficult to 

discern the role that inactivity plays in cancer related glucose alterations due to a lack of attention 

to this possible bias in previous studies. 

Protein metabolism is also altered by cancer. The human body is continuously synthesizing 

and degrading protein. In simple starvation without superimposed stress, nitrogen losses reflect 

primarily loss of muscle protein and are inconsequential (Stein, 1982). Survival is not threatened due 

to the maintenance of crucial protein pools that regulate wound healing, immune function and 

visceral proteins (Stein, 1982). These pools are maintained by an adaptive decrease in protein 

turnover. When starvation is compounded with stress such as with a tumor, alterations of protein 

metabolism can have a major impact on survival (Stein, 1982). Complex changes in nitrogen 

metabolism have been described in cancer patients and involve alterations in whole-body protein 

turnover and plasma amino acid levels. Elevated protein mobilization has been demonstrated in 

cancer patients with nutritional depletion. It has been hypothesized that these abnormalities suggest 

that cancer patients cannot undergo protein conservation and other metabolic adaptations to 

decreased food intake (Kem and Norton, 1988). Nevertheless, studies addressing the dynamics of 

protein metabolism in homogeneous groups of patients with cancer are limited and often demonstrate 

conflicting results. For example, whole-body protein turnover was increased in twelve non-small-cell 

lung cancer patients (Heber et al, 1982). The increased protein turnover demonstrated in this study 

was inversely correlated with percentage ideal body weight. This finding suggests a relationship 

between degree of malnutrition with degree of change in protein turnover. However, initiation of 

chemotherapy by only some of the subjects is a potential bias not controlled for in this study. 
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Conversely, Emery et ai (1982) demonstrated decreased synthesis and breakdown of protein 

in muscle and normal synthesis and catabolism rates in four lung cancer patients in a fed state. 

Richards et ai (1993) studied protein kinetic rates in healthy controls and 32 newly diagnosed lung 

cancer patients with comparable staging. While absolute levels of protein turnover, catabolism and 

synthesis were elevated compared to controls, when these values were expressed on the basis of 

kilograms of FFM, they were no longer significantly different. Similar fmdings were presented by 

Lundholm et al (1976) in a study of protein synthesis using rectus abdominus muscle samples of 43 

cancer patients and 55 controls. Decreased incorporation of C-leucine into the muscle samples was 

found, which supports that muscle protein synthesis is decreased in cancer. 

Investigators have sought to explain the discrepancies of previous studies of protein 

metabolism in cancer. One hypothesis is that while increases in whole-body protein turnover 

contribute to loss of FFM associated with cancer, this may occur late in the disease process (Richards 

et al, 1993). Clinical signs such as skeletal muscle wasting and depleted visceral proteins, which may 

lead to visceral organ atrophy, manifest marked depletion of protein in some cancer patients. 

Alterations in host lipid metabolism occur in animals and man with cancer (Kern and Norton, 

1988). Necessary mitochondrial enzymes to utilize fat and ketone bodies for energy have been found 

to be lacking by many tumor types (Fearon et al, 1988). Weight-losing cancer patients have 

increased rates of glycerol and free fatty acid turnover (Shaw and Wolfe, 1987). Under normal 

situations of feeding and fasting, the uptake and breakdown of fat from adipose tissue is controlled 

by hormone sensitive lipase and lipoprotein lipase (Mayes, 1988). Short-term fasting decreases 

insulin levels, while it increases glucagon and ephinephrine. These changes help trigger a sequence 

of events that activate hormone sensitive lipase, the enzyme responsible for releasing free fatty acids 

into circulation. These hormonal changes may not occur in cancer patients with weight loss. 
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Glucose infusion in weight-losing cancer patients failed to cause the expected suppression of 

lipolysis and decreased oxidation of endogenous and intravenously administered lipid (Shaw and 

Wolfe, 1987). Lipoprotein lipase, which is responsible for the removal of triglyceride from blood 

and transfer into adipocytes, has been found to be less active in cancer patients. The degree of 

reduction in lipoprotein lipase activity has been shown to correlate well with the percentage of body 

weight loss (Shaw and Wolfe, 1987). The resulting increased fatty acid mobilization may also 

promote anorexia by stimulating satiety (Costa, 1977). 

Tumor-released substances such as low molecular weight peptides are synthesized in some 

cancer types and can contribute to metabolic changes (Bruera, 1992). The presence of tumors can 

stimulate a variety of cells including macrophages and lymphocytes to secrete cytokines, low 

molecular weight peptides, which are also implicated in altering host metabolism. Through the 

release of cytokines, an inflammatory reaction similar to responses to stress or infection is stimulated 

(Evans, Argiles and Williamson, 1989). These substances are capable of causing significant anorexia 

and weight loss (Bruera, 1992). Tumor-related cytokines include interleukin-I, interleukin-6 and 

rumor necrosis factor. Tumor necrosis factor is believed to suppress lipoprotein lipase activity and 

contribute to the development of complex metabolic changes (Belizario et al, 1991). The hormonal 

and cytokine effects are also believed to be factors contributing to the altered carbohydrate 

metabolism seen in cancer. Muscle catabolism in cancer is likely mediated by a combination of 

cytokines and the classical counter regulatory hormones, such as catecholamines, glucagon, growth 

hormone and glucocorticoids (Belizario et al, 1991). These hormones change in malnourished cancer 

patients in the opposite direction compared to uncomplicated starvation (Heberand Tchekmedyian, 

1992). 
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However, the relationship between measurable cytokine levels and weight loss in cancer 

patients is not clearly established. Belizario et al (1991) measured levels of tumor necrosis factor and 

interleukin-I in 50 weight-losing, cancer patients with a variety of cancers. Tumor necrosis factor 

was not detected in plasma or serum proteins, suggesting another factor is acting to accelerate 

wasting. However, technical aspects of measuring tumor necrosis factor and the heterogeneous 

nature of the subjects may be factors that bias this conclusion. Biologically active tumor necrosis 

factor is difficult to detect due to a short half-life and the formation of complexes with receptors 

(Staal-van den Brekel et al, 1994). A more controlled study design was utilized by Staal-van den 

Brekel et al (1994) who studied 87 newly diagnosed non-small-cell lung cancer patients. Findings 

included elevated interleukin-6 and receptors of tumor necrosis factor in the 30% of patients who lost 

greater than 10% of their usual weight. Biologically active tumor necrosis factor was also not 

detected in this study. The authors speculate that increased levels of tumor necrosis factor receptors 

are suggestive of an enhanced inflammatory status or produced, but not detectable tumor necrosis 

factor. 

Energy Expenditure. A popular hypothesis in the etiology of cancer cachexia is that the 

tumor causes an increase in the energy expenditure of the host (Dempsey et al, 1986). Possible 

mechanisms for increased energy expenditure include the energy costs of tumor synthesis, 

uncoupling of oxidative phosphorylation and futile energy cycling. Total energy expenditure is 

comprised of resting energy expenditure (a practical measure of basal metabolic rate) the effects of 

disease and injury and the thermic effects of physical activity and food. Published energy 

expenditure studies in numerous cancer types have resulted in a wide variability of outcomes. 

Comparisons of early studies are inconclusive possibly due to inclusion of different types and degrees 

of cancer and lack of standardized measurement techniques (Young, 1977). In 1980, Bozzetti, 
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Pagnoni and Dei Vecchio measured resting energy expenditure of 65 patients with a variety of 

cancers. Included were patients with breast, colon, and gastric cancer, as well as lymphoma, and a 

miscellaneous category. Lung and endocrine involved cancers were excluded. Resting metabolic 

rate was reported as elevated in 60% of the patients. However, the study did not state whether the 

resting energy expenditure values were compared to calculated values or controls. In addition, 

resting energy expenditure was found to be significantly higher in the mixed group of cancer patients, 

regardless of weight loss. This study suggests relative hypermetabolism in cancer patients. 

A study conducted by Nixon et al (1988), focused on the resting energy expenditure of two 

specific tumor types: non-small-cell lung cancer and colon cancer patients. Both of these cancer 

types are frequently observed to have a high incidence of malnuuition. Comparisons of resting 

energy expenditure measurements with controls, which included healthy subjects and patients with 

weight loss from non-malignant diseases, such as anorexia nervosa, were presented. Absolute 

elevations in resting energy expenditure due to cancer were not detected. The investigators theorized 

that the resting energy expenditure for these patients, while not elevated as compared to controls, 

might be relatively high. More specifically, the resting energy expenditure of weight-losing cancer 

patients did not fall relative to non-weight-losing cancer patients or controls. This finding is in 

contrast to the typical energy reductions following weight loss from imposed starvation in healthy 

subjects. Anorexia nervosa patients in the previously mentioned study by Nixon et al (1988) 

demonstrated metabolic adaptations with significantly lower resting energy expenditures compared 

to female lung cancer patients, despite being considerably younger. 

Lack of definitive results in studies with a variety of cancer subjects has prompted 

investigators to investigate the resting energy expenditure of patients with uniform tumor types. In 

a study by Dempsey et al (1986) 108 malnourished patients with colorectal cancer were studied. The 
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groups were matched with regard to extent of tumor burden. Comparisons were made between 

measured resting energy expenditure with calculated levels from the Harris and Benedict (1919) 

equation. Forty-nine percent of patients had measured resting energy expenditure values 

significantly different than predicted values. Twenty patients were considered hypometabolic and 

16 were evaluated to be hypermetabolic. In this study, 81 out of 108 patients were weight-losing and 

all patients were limited to bed rest. Caloric intake was not measured and was described as highly 

variable. These factors, all which influence resting energy expenditure, confound the ability to 

establish conclusions regarding the effect of cancer on resting energy expenditure. 

Staal-van den Brekel et al (1994) measured the resting energy expenditure of 87 newly 

diagnosed lung cancer patients of varying stages. Hypermetabolism was demonstrated in 11% of 

patients with weight loss present in all but one of these patients. A clear weakness of this study is 

the lack of body composition data to enable comparison of energy expenditure per unit of ETM. 

Chemotherapy. The side effects of chemotherapy treatment contribute to the development 

of malnutrition in cancer patients. Ollenschlaeger et al (1989) studied nitrogen metabolism and 

intake in 13 cancer patients and concluded that decreased dietary intake and impaired nutritional 

status occurred secondary to the side effects of chemotherapy. Oncological chemotherapy has a 

detrimental effect not only on the tumor tissues, but also on the tumor-bearing host. 

Chemotherapeutic drugs exert their antineoplastic effects by inhibiting or disrupting cellular DNA, 

RNA, or protein synthesis (Darbinian and Coulston, 1990). Particularly susceptible cells to damage 

by chemotherapy are those which have a high replication rate. In addition to tumor cells, cells of the 

bone marrow, gastrointestinal mucosa, reproductive system, and hair follicles have high replication 

rates. Damage to the cells in the alimentary tract may disturb adequate ingestion or absorption of 

energy and nutrients (Darbinian and Coulston, 1990). 
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Chemotherapeutic drugs may also indirectly alter food intake or utilization by inducing 

nausea, vomiting, anorexia and learned food aversions (Darbinian and Cculston, 1990). These drugs 

can alter taste perceptions, cause mucositis (inflammation of the mouth or other portions of the 

gastrointestinal tract), and promote oral candidiasis (Nahikian-Nelms, 1990). The effects that these 

agents may have on energy metabolism, protein turnover, and body composition remain to be 

elucidated (Darbinian and Coulston, 1990). 

Lerebours et al (1988) investigated the metabolic response to chemotherapy in 12 patients 

with active leukemia. Resting energy expenditure was measured prior to chemotherapy and found 

to be about 34% above predicted levels. A sharp decrease in resting energy expenditure was 

observed three days after beginning chemotherapy without a difference in caloric intake. The 

decrease could not be explained on the basis of decreased physical activity. One week later, the 

resting energy expenditure returned to the level observed at baseline. The effect of chemotherapy 

on metabolic rate cannot be isolated in this study due to the addition of nutritional support on day 6 

of the study. Throughout the study, the patients remained in negative nitrogen balance. Initially, 

inadequate oral protein intake led to the negative balance, but by day seven, nutritional support was 

provided. The myelosuppression period induced by chemotherapy was characterized by increased 

urinary losses of nitrogen. However, the myelosuppressive period was also significant for increased 

signs of infections, which were possibly the trigger for the increased nitrogen losses, rather than the 

cell necrosis induced by chemotherapy. No significant changes in body weight or triceps skinfolds 

were noted. However, more specific data regarding changes in body composition were not obtained. 

Biochemical indices of protein status, prealbumin and albumin were significantly decreased 

throughout the study. Plasma dilution from intravenous fluid and nuuitional therapy, and the stress 

imposed by infection and fever cannot be excluded as etiologies for these reductions. 
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Although morphologic alterations of small intestinal mucosa have been reported with 

chemotherapy, changes in absorptive function have not been noted to be significant (McAnena and 

Daly, 1986). However, patients with pre-existing small intestinal malabsorption may experience 

worsening of such symptoms after chemotherapy (McAnena and Daly, 1986). Antineoplastic 

chemotherapy may also induce or exacerbate metabolic abnormalities. Tayek and Chelebowski 

(1992) studied colon cancer patients subsequent to 5-flurouracil chemotherapy administration. 

Increases in hepatic glucose production, plasma glucose and a fall in growth hormone levels were 

demonstrated after 5 days of chemotherapy treatment. 

Psychological Factors. Psychological factors may also play a role in the etiology of 

nutritional problems with cancer patients. A cancer diagnosis elicits powerful emotions such as fear 

and grief (Ross, 1990). Earlier diagnosis and more effective palliative therapies of cancer have led 

to extended life expectancies and individuals having to cope with cancer as a chronic disease and 

with the stress of continuing treatments (Shils, 1990). Patients may also experience guilt over 

lifestyle choices, such as smoking, which contributed to their cancer (Ross, 1990). Patients 

experiencing remission of their cancer may also have to cope with fear of disease recurrence (Shils, 

1990). The emotional burden felt by cancer patients may manifest in problems with eating. All of 

these factors contribute to the complex physiologic and psychologic milieu that compromises dietary 

intake in the cancer patient and provide a sound rationale for nutritional guidance at all levels of 

oncologic care (Ross, 1990). 

Assessment of Nutritional Status 

Body Weight 

Body weight alone is routinely used as an index of nutritional status in cancer patients as it 

is a reflection of available energy and nitrogen reserves (Heymsfield and McManus, 1985). Weight 
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loss exceeding 60% of original body weight is incompatible with life (Heymsfield and McManus, 

1985). However, body weight is an unreliable nutritional assessment parameter in some cancer 

patients due to fluid accumulation, large tumor burden and slow rate of visceral protein atrophy 

(Heymsfield and McManus, 1985). Nevertheless, weight loss occurs frequently in malignant disease 

and is often considered a hallmark of cancer. Loss of weight may be the presenting symptom of the 

disease process and has been shown to be an ominous prognostic factor (Axelrod and Costa, 1980; 

Dewys et al, 1980; Ovesen el al, 1993). The difference in incidence and severity of weight loss may 

reflect differences in the biology of tumors (Dewys et al, 1980). 

Studies detailing the impact of weight status on disease outcome have reinforced the use of 

body weight to evaluate the nutritional status of cancer patients. A study that is widely quoted in this 

regard is the Dewys et al (1980) study evaluating the prognostic effect of weight loss on survival in 

3,047 patients with 12 different cancer diagnoses. Within each tumor type, survival was shorter in 

patients with at least 6% weight loss. For nine of 12 cancer types studied, the relationship between 

weight loss and decreased survival time was statistically significant. For sarcomas, unfavorable non-

Hodgidn's lymphomas, colon and prostate cancers, the median survival for the non-weight-losing 

patients was two times as long as compared to the patients with weight loss. Other studies have 

supported the link between weight status and survival. Costa et al (1979) found that weight loss was 

a stronger predictor of death in 478 lung cancer patients than was performance index, cancer cell 

histology or type of chemotherapy. 

Age has been found to be a confounding variable when considering the impact of weight on 

survival in cancer. In a descriptive study of 218 cancer patients, weight loss incidence was related 

to age (Tchekmedyian, 1993). This study found that 72% of patients older than 65 experienced some 
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degree of weight loss, with 52% having greater than a 5% loss and 56% being classified as 

underweight. More than 25% of patients younger than 65 years old were overweight. 

There also appears to be a relationship between weight loss and tumor type. Dewys et al 

(1980) found that patients with favorable subtypes of non-Hodgkin's lymphoma, breast cancer, acute 

non-lymphocytic leukemia and sarcoma lost the least amount of weight when compared to eight other 

tumor types. Studies examining the weight loss patterns of lung cancer patients have reported about 

half of the patients lose weight prior to diagnosis. Half of the weight-losing patients lose 10% or 

more of their usual body weight six months prior to diagnosis (Sama et al, 1993). Lindsey and Piper 

(1985) studied 10 male patients with small cell lung cancer. The mean weight loss at time of 

diagnosis averaged over 5% of their usual weight. After five months, the mean weight loss was 22% 

of their pre-illness weight. 

In addition to impacting survival, weight loss has many other negative effects on cancer 

patients. Patients with weight loss rated their general health significantly worse and scored lower on 

a quality of life index than patients with stable weights (Lindsey and Piper, 1985). 

There is controversy as to whether weight loss is correlated with the extent of neoplastic 

disease. While the Dewys et al (1980) study found that the frequency of weight loss increased with 

increasing number of anatomic sites involved in metastasis, Shike and Brennan (1989) did not fmd 

a difference in weight loss between small-cell lung cancer patients with extensive disease and those 

with limited disease. Similarly, Costa et al (1979) did not find a correlation between weight loss and 

extent of disease in 478 lung cancer patients studied. 

Diet Analysis 

Diet analysis is likely the most widely used indirect indicator of nutritional status (Lee and 

Nieman, 1993). The selection of appropriate dietary intake methodology to assess the diets of groups 
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and individuals has been the topic of countless publications. Dietary intake assessment methods vary 

in complexity and effort for subjects and investigators to complete. It is also difficult to verify the 

accuracy of results obtained with these tools. Available methods include food records or diaries, 24-

hour recalls, and diet histories. The food frequency questionnaire surveys the subject regarding how 

often certain foods are consumed over a specified time frame. The 24-hour recall method requires 

that the subject recall his intake over the past 24 hours. A disadvantage of the 24-hour recall method 

is that the intake assessed may be atypical for the subject. Factors such as holidays, weekend 

activities, or illness may alter dietary intake patterns. This intraindividual variation can lead to 

improper classification of subjects with regard to their usual intakes (Beaton, 1983). Current dietary 

intake and perceived value of particular foods have been found to influence subject recall of past 

intake (Dwyer, Krall and Coleman, 1987). 

Food records and food frequency questionnaires share some additional sources of error, such 

as the motivation and ability of subjects to accurately complete the necessary questions or records. 

Further sources of error include the tendency to overestimate low consumption and underestimate 

high consumption, a phenomenon referred to as "the flat slope syndrome" (Gersovitz, Madden and 

Smiciklas-Wright, 1978). Difficulties in accurately estimating intake also include weaknesses of data 

gathering techniques, the natural tendency of subject's nutrient intake to vary widely from day to day 

and the limitations of nutrient databases (Lee and Nieman, 1993). The main difference in diet records 

and food frequency tools is the length of time during which intake is assessed. 

Food records require that the subject record, ideally at the time of consumption, the type and 

amounts of all foods and beverages consumed for a specified period of time. Food and beverage 

consumption is quantified by estimating portion sizes with specified units of measure. Examples of 

measures include usual household measures such as cups, rulers and teaspoons and weights obtained 
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from scales. Items thought of as units, such as apples, cans of soda and eggs may be simply counted. 

North American researchers typically utilize household measures to obtain data, which is referred 

to as estimated food records, to limit work required from subjects (Lee and Nieman, 1993). 

However, some studies utilize scales to weigh the portion sizes of meals consumed. 

Although it is recognized that food records are not without bias, they are considered superior 

to food frequency methods and, therefore, represent the current, practical, gold standard for dietary 

assessment in short-term studies (Carroll et al, 1997). Strengths of diet records are that they do not 

rely on memory and they provide detailed information regarding intake. In addition to details about 

specific foods eaten, the records might include evaluations of appetite, mood and side effects 

experienced during mealtimes. Another advantage of the dietary record method is its potential utility 

as a motivational tool for patients in dietary intervention studies (Witschi, 1990). 

Limitations of dietary records include finding subjects who are literate and are willing to 

expend the time and effort to record their intake. Additionally, subjects willing to perform this 

activity may not be representative of the general population being studied (Lee and Nieman, 1993). 

Reporting errors in diet records have been the topic of several studies. Mertz et al (i 991) concluded 

that systematic underreporting of intake occurred in a retrospective study of 14 years of diet record 

studies from the same laboratory. The studies included 226 participants, who were provided a one-

hour training session and measuring utensils to use to estimate portions. The investigators supplied 

the food for greater than 45 days in amounts estimated from the RDA tables to maintain each 

subject's weight. The food records were compared to the calculated amounts necessary for weight 

maintenance. Underreporting occurred in 81% of subjects. Men underreported by 565 calories and 

women underreported by 428 calories. Additional studies have concluded that women, overweight 

persons, and weight-conscious subjects are most likely to underreport dietary intake (de Vries et al. 
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1994). However, some of the associations with energy underreporting may be biased by errors in 

prediction equations and tables used for predicting energy needs (Briefel et al, 1997). 

The doubly labeled water technique allows definitive comparisons between diet records and 

total energy expenditure to be made. The accuracy of 7-day food records was assessed by 

comparison to doubly labeled water in 29 middle-aged women participating in a dietary intervention 

trial. Underreporting of energy intake was approximately 20% and did not relate to body weight or 

length of time in the dietary trial (Martin et al, 1996). Another study of 10 young women (mean age 

25) and 10 elderly women (mean age 74) compared the accuracy of 7-day food records to doubly 

labeled water. Underreporting was similar in both groups of women with a mean difference of -1.77 

MJ per day or 20-23% of total energy expenditure (Sawaya et al, 1996). Diet records are also time 

consuming for both subjects and investigators. 

The optimal number of days of diet records required to reflect the true variability in daily 

intake of individuals is much greater than required for groups due to fewer differences within an 

individual's intake. For example Basiotis et al (1987) found that to estimate fat intake within 10% 

error in individuals, 57-71 days were needed; whereas for group intake, 7 days sufficed. Other 

investigators have used 20% precision to base length of recording requirements. For example. Block 

and Hartman (1989) estimated 10-23 days to be adequate to estimate dietary fat of individuals. 

Length of recording requirements is also longer for specific micronutrients compared to 

macronutrients. Basiotis et al (1987) found that between 390 and 474 days were necessary to 

estimate vitamin A of individuals and 39-44 days were needed for group estimates. 

An additional limitation is the possible Hawthorne effect in which the act of recording intake 

causes the subject to change his or her diet (Barrett-Connor, 1991). This observation is actually a 

well-known behavior modification technique to reduce intake and, therefore, can also be viewed as 
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a strength in certain dietary intervention studies (Barrett-Connor, 1991). Lastly, time is a limitation 

as studies have found that keeping records beyond 6 days results in subjects simplifying their eating 

and drinking to facilitate the recording process (Lee and Nieman, 1993). 

Biochemical Data 

Laboratory tests are a valuable adjunct to assessing and monitoring nutritional status, 

however their use has potential problems. Non-nutritional factors such as pathologic conditions, use 

of certain medications and technical problems in sample collection or assay analysis may influence 

results (Lee and Nieman, 1993). Specifically in cancer patients, many traditional nutrition related 

biochemical indices might be confounded by changes in volume status, tumor induced complications, 

and side effects of cancer therapy (Geerts, 1990). Changes in fluid volume status frequently occur 

in cancer patients and common examples include, dehydration, over hydration, blood transfusions, 

prolonged vomiting, diarrhea, edema, and ascites (Geerts, 1990). Nutritional parameters are also 

influenced by the presence of hepatic or renal metastasis and drug toxicities (Geerts, 1990). 

Therefore, liver and renal function tests are often monitored throughout the patient's treatment period. 

Hepatic dysfunction may be the result of liver mestatisis, a frequent site where solid tumors spread. 

This may interfere with the use of hepatically synthesized components. 

One hepatically synthesized component is serum albumin, the most familiar indicator of 

visceral protein status used in nutritional assessments. There are recognized linutations for the use 

of serum albumin as an indicator of protein status. Its relatively long half-life (14 to 20 days) and 

large body pool cause serum levels to be slow at responding to nutritional change. Therefore, it is 

a poor indicator of early protein depletion and repletion (Lee and Nieman, 1993). Generally, a serum 

albumin concentration from 2.8 to 3.5 g/dL indicates moderate depletion of visceral protein and less 

than 2.8 g/dL denotes severe depletion (Hopkins, 1989). 
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Only cachectic cancer patients have consistently been found to be hypoalbuminemic (Kern 

and Norton, 1988). Decreased hepatic synthesis of albumin has been implicated as a possible 

etiology. However, some cancer studies in animal models have demonstrated that while rates of 

albumin synthesis were elevated, increased degradation and expansion into the extravascular fluid 

space resulted in depressed serum levels of albumin (Karlberg, Kern and Fischer, 1983). This 

suggests alternate factors to nutrition are reflective of serum albumin levels in cancer patients. 

Cancer patients with milder forms of nutritional depletion have been shown to have normal 

visceral protein levels. In a study of 31 lung cancer patients, 50% had greater than a S% weight loss 

at diagnosis, but all patients had normal serum albumin, transferrin and total protein levels (Shike 

et al, 1984). In a study of 254 patients with favorable performance status and a variety of tumor 

types, serum albumin was not significantly different in weight-losing or stable patients and was 

below reference range in only 21% of patients (Grosvenor et al, 1989). 

Bozzetti et al (1987) report further evidence suggesting that serum albumin is not an accurate 

parameter for nutritional assessment of cancer patients. Low albutiun levels in cancer patients were 

attributed to decreased synthesis, increased degradation, transcapillary escape rate, and increased 

extravascular to intravascular ratio. However, much of the supporting evidence was gained from 

studies on tumor-bearing rats, which limits the generalizability of these conclusions (Geerts, 1990). 

Shike et al (1984) found that albumin levels were normal in malnourished patients with small-cell 

lung cancer. Similarly Nixon et al (1980) found that hospitalized, weight-losing, cancer patients did 

not have reduced serum albumin levels. 

Serum prealbumin, a visceral protein synthesized in the liver, is useful for nutritional 

assessment because it has a much shorter half-life (2-3 days) than albumin, and thus reflects a more 

current nutritional status. A level of 5-10 mg/dL indicates moderate depletion and <5 mg/dL 
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indicates severe depletion (Hopkins, 1989). Non-nutritional factors that may cause a decline in 

serum prealbumin levels include situations where there is a sudden demand for protein synthesis, 

such as acute catabolic stress, major surgery, liver disease, and infection. Prealbumin can be falsely 

elevated in chronic real failure (Hopkins, 1989). Although prealbumin is responsive to nutritional 

changes, it is influenced by several disease-related factors making it unreliable as an index of 

nutritional status (Jeejeebhoy, 2000). The role of prealbumin in nutritional assessment in cancer 

patients has not been established. 

Transferrin is another hepatically synthesized globulin that functions to bind and transport 

iron in the plasma. A decrease in serum transferrin is associated with a limited supply of protein and 

a decrease in organ mass (Hopkins, 1989). Therefore, serum transferrin is also an indicator of 

visceral protein status. It is rated as superior to albumin as an indicator of change due to its smaller 

body pool and shorter half-life (Lee and Nieman, 1993). Serum transferrin is not usually measured 

directly, but is derived from the measurement of total iron binding capacity. Non-nutritional factors 

that can invalidate transferrin as an accurate measure of visceral protein status include iron deficiency 

anemia, acute or chronic inflammation, chronic liver disease and degree of hydration (Hopkins, 

1989). Serum transferrin was noted to be more reliable than albumin to serially monitor nutritional 

status of 161 patients with several types of cancer. Specifically, a decrease in mortality was 

associated with increased serum transferrin levels (Harvey, Bothe and Blackburn, 1979). 

Body Composition 

The assessment of body composition is another valuable, but seldom used, nutrition 

assessment method for cancer patients. Body composition refers to the subdivision of body weight 

into compartments that represent specific chemical compounds, homogenous tissues or spaces that 

share common physiological properties (Heymsfield et al, 1989). In general the number 
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compartments (C) into which body mass is divided requires (C-1) measurements (M) in addition to 

body weight (Heymsfleld et al, 1989). For example, a two-compartment model of body composition 

requires one additional measurement and a four-component model requires three additional 

measurements. 

Traditionally, total body weight has been divided into two physiologically distinct 

compartments, fat and lean tissue or the technically correct term, FFM, which subtracts essential fat 

from lean tissue. Essential fat is that of the central nervous system, bone marrow, and organs such 

as mammary glands (Lohman, 1981). This two-compartment model is represented by the equation: 

body weight = fat + FFM. 

The assumed properties of the body fat compartment include that it is anhydrous, contains 

no potassium and has a fairly constant density of about 0.90 g/cc (Dumin and Womersley, 1974). 

The assumed properties of the FFM include constant bone mineral content, density of 1.1 g/cc, and 

potassium content of 68 meq/kg in males and about 10% less in females (Dumin and Womersley, 

1974). An example of a body composition assessment method which utilizes the two-compartment 

model is hydrodensitometry. It uses a measure of body density usually derived from underwater 

weighing to calculate fat and FFM from either an equation such as the Siri (1956) equation or by 

isotopically measured total body water (TBW). Another two-compartment model uses the relation 

between total body potassium, obtained from a whole body potassium counter, and FFM and again 

subtracts this value from body weight to derive an estimate of body fat. Underwater weighing, 

potassium counters and isotopes are not practical methods for routine nutrition assessments. The 

two-compartment model is also the basis of more clinically practical body composition assessment 

methods; skinfolds and bioelectrical impedance. These methods are commonly referred to as field 

methods due to their portability, ease of performing measurements and cost effectiveness. 
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There are assumptions inherent in the division of the body into two compartments, such as 

constant bone mineral fraction and hydration of FFM. These assumptions are not valid in all subjects 

and this decreases the accuracy of these two-compartment methods. The assumptions are likely not 

to be met by patients with cancer and malnutrition. These patients are known to have changes in the 

volume and disuibution of fluids and electrolytes between intra- and extracellular compartments that 

change the hydration of the FFM compartment. While most body compartments decrease with 

malnutrition, the percentages of extracellular fluid volume and TBW may increase (Shizgal 1981). 

These changes may lead to underestimation of loss of protein and lean body mass when two 

compartment models are used (Shizgal, 1981). Additionally, there are many sources of variation in 

TBW in healthy subjects including day-to-day individual variation, population variation and variation 

in adipose tissue water (Lohman, 1992). In fact, body water and mineral contribute most to the 

variability of estimates of FFM (Lohman, 1981). 

Therefore, because there are many subjects for whom constancy of the FFM can not be 

assumed, ideal body composition methods are based on multi-component models, which further 

divide the FFM into its components of water, protein and mineral. The addition of fat to these 

compartments constitutes a four-compartment model (Lee and Nieman, 1993). Multi-component 

models require more sophisticated methods to assess body composition. These methods are more 

accurate, but are also more expensive in terms of time, equipment and trained technicians (Jackson 

and Pollack, 1985). 

Skinfold Thickness Measures. The most widely used method of indirectly measuring body 

composition in clinical and field settings is skinfold measurement, which is the thickness of a double 

fold of skin and compressed adipose tissue. The skinfold measurement method has advantages of 

being quick and easy to perform, inexpensive and requires very little storage space (Lee and Nieman, 
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1993). However, standardized measurement procedures must be used to ensure accurate and 

reproducible results (Buzby, 1990). The most clinically relevant measurements are those taken 

serially by the same examiner (Tchekmedyian, 1993). 

Because 50% to 70% of body fat is located subcutaneously, selected skinfold sites have been 

found to relate to overall body fatness (Lohman, 1981). A variety of body fat prediction equations 

are available using different skinfold sites and study populations. Additionally, percentile values of 

skinfold measurements may be obtained by comparing results to the National Health and Nutrition 

Examination Surveys 1,11 and III. Skinfold-derived body fat has been shown to correlate fairly well 

with values derived from hydrostatic weighing in healthy subjects (Jackson and Pollock, 1985). 

Disadvantages of skinfold measurements to estimate body composition are numerous and 

include the assumptions inherent in the concept of the skinfold measurement methodology, as well 

as the limitations of partitioning the body into a two-compartment model of body composition. The 

main assumption of the skinfold method is that half of total body fat is subcutaneous. It is also 

accepted that measurement sites reflect the average thickness of subcutaneous adipose tissue. These 

assumptions have not been proven (Lukaski et al, 1986); nor have additional assumptions including 

that the skinfold has a constant compressibility and that skin and adipose tissue thickness does not 

vary within individuals or between individuals. Internal and external proportions of fat are also 

assumed, but not proven to be constant (Lee and Nieman, 1993). In summary, several limitations of 

the skinfold methodology have been documented: 

1. Skinfold compressibility differs with each individual and decreases with age. 

2. Skinfold measurements do not directly account for non-subcutaneous fat that has been 

deposited between muscles or other places throughout the body. 
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3. Individual differences in fat distribution occur due to gender, history of weight loss, aging 

and level of physical activity. 

4. Skinfold measurements are difficult to accurately obtain in obese individuals. 

5. Equations have been developed based on healthy adults. 

6. The precision and skill of the measurer affects the accuracy. 

Although specific standards do not exist for cancer patients, the skinfold method is often part 

of clinical nutrition assessments in this population. The tendency for cancer patients to have 

edematous tissue concurrent with loss of lean body mass may influence the validity of skinfold 

measures (Nahikian-Nelms, 1990). However, depletion of skinfold measures is associated with lower 

chemotherapy response rates and overall survival (Harvey et al, 1979). Harvey et al (1979) measured 

skinfolds in 161 patients undergoing a variety of cancer treatments. Patients who survived had 

significantly higher skinfold measurement values. In contrast, a study of chemotherapy patients by 

Freeman et al (1982) found that lower response rates were observed in patients with higher initial 

skinfold measurement values. 

Reference data for skinfold measurements derived from healthy populations may not be 

accurate in the cancer patient population. Consequently, the skinfold method is not recommended 

for the initial nutrition assessment process of cancer patients (Shils, 1990). Skinfold measures can 

provide valuable data if used to evaluate nutritional support of cancer patients over time (Shils, 

1990). 

Bioelectrical Impedance Analysis. Another widely used method of indirectly measuring 

body composition in clinical and field settings is bioelectrical impedance analysis. This method of 

body composition analysis is based on the conductive properties of various biological tissues and the 

fact that an applied current follows the path of least resistance. In the human body this will include 
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extracellualar fluid, blood, muscle, and other conductive tissues that make up the majority of FFM 

(Baumgartner, 1996). The basic principle is that resistance to an electrical current is proportional to 

the amount of water and electrolytes in a given volume. In the human body, electrolytes such as 

sodium, chloride, potassium and bicarbonate are found primarily in the FFM, while concentrations 

of these ions in adipose tissue are very low (Lee and Nieman, 1993). Therefore, the conductivity of 

lean tissue is much greater than fat mass. Consequently, when an electrical current is passed through 

the body, it is opposed by the non-conducting tissues (mainly fat and cell membranes) (Lee and 

Nieman, 1993). 

The resistance to this current is measured and lower values are associated with a greater 

proportion of lean tissue (Lukaski et al, 1986). In BIA this opposition to an alternating current is 

called impedance, which is composed of two elements: resistance and reactance. The basic equation 

for the basis of estimating body composition from BIA is: V = pS"/R, in which conductive volume 

(V) is assumed to represent TEW or FFM, p is the specific resistivity of the conductor, stature (S) 

is an estimate of the length of the conductor, and whole body resistance is measured with four surface 

electrodes placed on the wrist and ankle. Assumptions inherent in this equation include that the 

conductor has a homogeneous composition, a fixed cross sectional area and a uniform distribution 

of current density. The assumptions inherent in the BIA method are not valid when considering the 

properties of the human body. For example, p varies with the amount and distribution of body fluids 

and stature is not the actual length of the conductor (Houtkooper et al, 1996). Despite the fact that 

the assumptions in the equation are not met in the human body, statistical associations have been 

established between S^/R and TB W and FFM in human samples of children and adults (Houtkooper 

etal, 1996). 
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In order to estimate body composition from BIA, regression equations are necessary. A main 

limitation to general application of BIA is the availability of population-speciHc, cross-validated, 

prediction equations (Bailor, 1996). Prediction equations have been validated and cross-validated 

in children, adults and in the elderly with predominately Caucasian populations. Further studies are 

needed in subjects with diseases (Houtkooperet al, 1996). The requirement of regression equations 

to interpret data is considered the main disadvantage of this method. However, another weakness 

is the assumption of normal hydration. Dehydration will result in overestimation of fat mass (Lee 

and Nieman, 1993). 

Advantages of BIA include that it is safe, rapid, portable, and non- invasive. Bioelectrical 

impedance analysis is now regarded as either a replacement or supplement to conventional 

anthropometry in field studies (Baumgartner, 1996). It is considered more sensitive and specific for 

grading average adiposity of groups than body mass index (BMI) (Roubenoff, Dallal and Wilson, 

1995). 

The utility of BIA in quantifying change in body composition has been a major controversy 

debated in the literature. Forbes, Simon and Amatruda (1992) reviewed data for 108 subjects in 

seven separate studies using BIA to monitor weight loss. The subjects were primarily obese subjects 

on diet or diet with exercise regimes. While all studies demonstrated an inverse relationship between 

change in E^FM and change in resistance, only two studies had regression slopes and correlation 

coefficients significantly different from zero. Further examination by the authors led them to 

conclude that no change in resistance is anticipated if the change in FE^ constitutes less than 20% 

of the total weight loss (Forbes et al, 1992). Regression analysis revealed that BIA predicted just 

31% of the change in FFM, whereas 48% of the FFM change could be predicted by body weight 

alone. One proposed theory to account for the limited ability of BIA to quantify body composition 
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change in these studies is the higher extracellular body water content in the trunk area in obese 

subjects. Short-term weight loss in the obese may be primarily due to fluid loss in the trunk, which 

contributes only 9% of the total resistance but is greater than 50% of FFM and body weight (Foster 

and Lukaski, 1996). Therefore, changes in the torso will barely affect total body impedance despite 

having a large effect on total body volume. Future application of segmental impedance, changes in 

electrode placement and the use of multi-frequency bioelectrical impedance technology are being 

studied to try and improve prediction of changes in body composition (Bailor, 1996). 

Contrasting results were reported by Pencharz and Azcue (1996). They found BIA useful 

in predicting TBW, extracellular body water, and total body potassium changes due to refeeding in 

101, malnourished, pediatric subjects. Bioelectrical impedance analysis equations were developed 

without the inclusion of body weight and by calibrating with measures of TBW using deuterium 

dilution, extracellular body water using sodium bromide dilution and total body potassium using '^K 

counting. The correlations of these methods with the BIA were 0.91, 0.94 and 0.93, respectively. 

Bioelectrical impedance analysis was able to predict 82% of the change in TBW, 72% of the change 

in extracellular body water and total body potassium. Anthropometry was able to predict only 64% 

of the change in TBW, 60% of total body potassium and 26-31 % of the change in extracellular body 

water (Pencharz and Azcue, 1996). Although this study has intriguing findings it would be a difficult 

study to replicate and the results are not directly applicable to populations other than the one studied. 

Studies examining the efficacy of using BIA in cancer patient populations are linuted. Fritz 

et al (1990) measured body composition with bioelectrical impedance in an attempt to investigate the 

correlation between losses in lean body mass and surgical complications in 115 patients with 

gastrointestinal cancer. All patients received identical peri-operative treatments and had the same 

surgeon with standardized techniques. Patients with a lean body mass below the reference values 



49 

(RJL Systems Inc Manual, 1987) had a complication rate of 31 %; whereas, the patients with a normal 

lean body mass had a 10% incidence of complications. The authors conclude that bioelectrical 

impedance is a practical and efHcient method able to accurately identify patients at high risk for 

surgical complications based on suboptimal lean body mass (Fritz et al, 1990). 

Fredrix et al (1990) found a strong correlation between TBW measurements using BIA and 

deuterium dilution in 33 elderly cancer patients. A good correlation was also found between H'/R 

where H = height in cm and R = resistance, and TBW measured by isotope dilution, which is in 

agreement with results previously obtained in healthy populations (Fredrix et al, 1990). 

Simons et al (1995) used BIA to predict TBW of cachectic and normal weight cancer 

patients. They compared TBW obtained from deuterium dilution to TBW estimated from BIA using 

several prediction equations. They concluded that although a significant relationship was found 

between impedance (H"/R) and TBW in both groups of cancer patients, TBW was significantly 

overestimated in the underweight group. Data are not available on the use of BIA as part of 

nutritional status monitoring in the outpatient chemotherapy setting. 

Body Composition Studies in Cancer. Weight loss due to poor energy and protein intakes 

or systemic effects of cancer may occur during oncologic treatment, but may not be objectively 

evident due to change in body composition, such as expanded fluid compartment. Consequently, in 

cancer patient populations, interpretation of weight may be difficult. Therefore, measurement of 

specific body composition compartments is assuming greater importance in the assessment of 

nutritional status in both health and disease (Kushner and Schoeller, 1986). 

A study by Shizgal (1985) compared the differences in the body composition of chronically 

malnourished patients without cancer, cancer patients with normal or impaired nutritional status and 

healthy control subjects. Isotope dilution was used to measure total and extracellular body water and 
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to calculate the lean and fat portions of body composition. In this study 75 malnourished patients 

with chronic benign illnesses were compared to 25 healthy controls. Body weight and fat were 

significantly lower in the benign illness group. Lean body mass was similar, but the composition of 

the lean mass was highly abnormal for the benign illness group, with a reduction in the body cell 

mass and expansion of the extracellular body mass. The expansion of the extracellular body mass 

can minimize changes in body weight. This is demonstrated by the observation that while the weight 

of the benign illness group was reduced by 16% compared to controls, their body cell mass was 

reduced 40% compared to controls. 

In the group of malnourished cancer patients the results were similar to the malnourished, 

benign illness group. Thus, there were reductions in body fat and body cell mass, while the 

extracellular body water expanded. The study did not demonsu-ate differences in body composition 

between well-nourished cancer patients and healthy controls or between malnourished cancer patients 

and the malnourished benign illness group. 

Some investigators have hypothesized that cancer patients maintain visceral organ mass 

better than other patients with malnutrition. Heymsfield and McManus (1985) studied body 

composition of weight-losing cancer patients as compared to anorexia nervosa patients and healthy 

controls. This longitudinal study utilized a variety of body composition methods which included, 

creatinine height index, skinfold measurements, body circumferences, as well as radiography and 

nuclear magnetic resonance, which were also used to derive organ and tumor measurements. Weight 

loss was similar in the cancer and anorexia nervosa patients; however, cancer patients lost relatively 

more weight, but experienced less visceral organ volume loss than did anorexia patients. 

Conclusions based on the results of the study were that the principal endogenous energy sources 
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during weight loss in cancer are adipose tissue triglyceride and skeletal muscle protein (Heymsfield 

and McManus, 1985). 

Macfie and Burkinshaw (1987) used skinfold measures including triceps and subscapular 

skinfolds and a third unspecified site to calculate body fat from the Dumin and Womersley (1974) 

formula, which calculates body density, and the Siri (1956) equation, which calculates body fat. 

Body protein was measured using in vivo neutron activation, which measures total body nitrogen and 

minerals. Total body water was subtracted from the difference between body weight and sum of 

body fat, protein and minerals. The random error was stated to be 2.5 kg for the skinfold method and 

2.6 kg for the neutron activation method. No significant differences between the body composition 

parameters in patients with benign or malignant disease were demonstrated. Weight losses were 

believed to be the result of losses in muscle protein, fat and water. The authors assert that these 

results do not support the theory that cancer patients adapt to starvation caused by malignant disease 

differently than patients wasting from benign disease. Their results did not support the hypothesis 

that the metabolic patterns of cancer patients resemble adaptation patterns seen in septic patients. 

Further, they concluded that a unique entity of cancer malnutrition does not exist. 

Several limitations of this study are important to consider. First the use of skinfolds to obtain 

body fat is known to introduce error in individuals with very low body fat and in elderly individuals, 

due to changes in skin compressibility with age. A wide age range of subjects was represented in this 

study, which also introduces error. Additionally, female cancer patients were considerably older than 

their comparison groups and the male control subjects averaged 20 years younger than their 

comparison disease groups. Another consideration is that the amount of weight loss was quantified 

by patient recall and not verified with other records of weight such as medical records. Patient recall 

of weight and height has been shown to be highly inaccurate (Rowland, 1990). Another potential 
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bias is that the timeframe for which the weight losses occurred was not taken into account. 

Therefore, the subject groups were likely combinations of patients with acute weight changes and 

patients with nutritional changes occurring over longer periods of time. This could affect the 

accuracy of the body composition methods used. For example, the use of neutron activation relies 

on assumptions of potassium and nitrogen concentrations in lean tissues, which may not be valid in 

cancer and malnourished states. The authors attribute the subject's weight loss to losses in muscle 

protein, water, and fat; but without baseline body composition data, the specific compartmental 

changes cannot be verified. 

Watson and Sammon (1980) studied 23 patients with malignant or benign, inflammatory 

disease and cachexia, which was defined as having a weight less than 85% of standard. A skinfold 

equation using tricep and subscapular skinfold measures was used to calculate body fat. Lean mass 

was determined by subtraction of fat mass from body weight. In a subset of 9 subjects (5 with 

cancer, 4 with benign illness) isotope dilution and total body potassium were used to measure TBW 

and lean body mass. The malignant group had significantly higher lean mass and both groups had 

increased hydration with normal partitioning into extra- and intracellular compartments. A potential 

bias to consider in this study is the use of skinfold methodology in cachectic subjects, which is likely 

not accurate, but this bias is equally applied in both groups. Another limitation is that no female 

subjects were studied in the malignant group, which could limit the usefulness of the conclusions. 

Previous studies of cancer patients have shown gender differences in terms of body composition. 

The active inflammatory nature of the benign disease group likely caused an acute phase response, 

which is a possible reason less lean mass was found. 

Additional studies have focused on body fat losses in cancer patients with malnutrition, while 

others have emphasized the losses in protein. For example, Lundholm (1986) reported that in a group 
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of completely untreated, malnourished, cancer patients, loss of body fat was the most pronounced 

alteration in body composition. A study by Lindmark et al (1984) reported similar results from 

studies of 26 weight-losing cancer patients who had significantly lower respiratory quotients 

compared to non-cancer patients, with and without weight loss. Respiratory quotient values were 

obtained from indirect calorimetry and reflected the predominant type of fuel the body was utilizing. 

In Lindmark's study, the weight-losing cancer patients had an average respiratory quotient of 0.83, 

which is reflective of relatively greater fat compared to carbohydrate utilization. Similarly, Hyltander 

et al (1991) found lower respiratory quotient values for cancer patients with an average of 0.80, 

irrespective of the presence of weight loss. Therefore, this study also supports the theory of increased 

fat oxidation by cancer patients. 

Weight loss during chemotherapy, however, may be primarily a problem of muscle wasting. 

This was the conclusion of a study by Ollenschlaeger et al (1989) which compared body composition 

and nitrogen metabolism in 13 cancer patients undergoing chemotherapy to 12 healthy volunteers. 

Creatinine height index was compared before and after chemotherapy and the results supported that 

muscle wasting was the major factor responsible for the weight loss in the group of chemotherapy 

patients. The lack of consistent conclusions regarding the composition of tissue lost by weight-losing 

cancer patients likely reflects the variability of patient characteristics. Differences in cancer type and 

stage, dietary intake, physical activity patterns and treatments are all factors which may have 

influenced the results of these studies. Kadar et al (2000) monitored total body protein content of 

lung cancer patients receiving radiotherapy with in vivo neutron activation analysis and compared 

the prognostic value of changes in body protein with body weight and serum albumin. They found 

that significant reduction in body protein was predictive of early cancer relapse and that serum 

albumin and weight change had no prognostic importance. One weakness in this study is that 4 of 
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the patients had small cell lung cancer and were receiving chemotherapy in addition to radiotherapy. 

The significant differences in the disease as well as the effects of receiving chemotherapy merit 

separate analysis. 

Breast Cancer and Weight Gain 

The nutritional problems faced by breast cancer patients may differ from other cancer types. 

Weight gain occurs frequendy and has been reported to have an adverse prognostic impact on 

disease-free survival in patients with breast cancer (Chlebowski and Heber,1986; Goodwin, 

Panzarella and Boyd,1988; Camoriano et al, 1990). Weight gain has also been found to have a 

profoundly negative impact on quality of life of breast cancer patients (Komblith et al, 1993). The 

range of reported weight gain by breast cancer patients is from 0-50 pounds (Demark-Wahnefried 

et al, 1995; Demark-Wahnefried, Rimer and Winer, 1997a). A two-year study of 32 breast cancer 

patients receiving chemotherapy revealed that 69% gained weight, though body composition was not 

measured (Levine, Raczynski and Carpenter, 1991). Huntington (1985), studied 29 breast cancer 

patients and reported 50% of patients gained over 10 pounds. 

Although weight gain was first noted to be a common problem for women receiving adjuvant 

chemotherapy nearly a decade ago, the etiology remains to be elucidated. Originally the gains were 

attributed to the chemotherapy agents with known weight gain potential such as prednisone and 

megestrol acetate. However, weight gain has been reported in breast cancer patients not receiving 

these agents as well as in patients not receiving any chemotherapy (Goodwin et al, 1988; Camoriano 

et al, 1990). 

Foltz (1985) identified five factors from the literature believed to be associated with weight 

gain of breast cancer patients. These factors included activity, depression, dietary intake, serum 

estradiol, and metabolic rate and were examined in a study of 34 stage II breast cancer patients, who 
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were receiving adjuvant chemotherapy. Seventy percent of the patients gained weight; 12% 

maintained weight and 18% lost weight. Women who were peri-menopausal and premenopausal 

were at higher risk for weight gain than postmenopausal women. Comparisons of activity, 

depression, metabolic rate and oral intake were not significantly different between weight gaining 

or non-weight gaining patients. The only significant difference identified between these groups of 

patients was reduced estradiol concentrations, which were significantly related to weight gain. There 

are several important limitations of this study, which include the metabolic measures being conducted 

in a non-fasting and not truly rested state. Additionally, the selected variables accounted for only 8% 

of the variance in weight gain between the groups. Further, the factors studied were also not 

significantly associated with weight gain in postmenopausal women. Finally, estradiol 

concentrations were only monitored at baseline and 6 months, precluding the determination if the 

estradiol change preceded or accompanied the weight increases. 

Studies of the etiologic factors and the composition of the weight gain during breast cancer 

treatment are currently in progress. Demark-Wahnefried et al (1995) presented preliminary data from 

a pilot project of premenopausal patients receiving adjuvant chemotherapy. Variables measured 

included resting metabolic rate, dietary induced thermogeneisis, body composition by dual x-ray 

absorptiometry (DXA), dietary intake and physical activity via 3-day records and physical activity 

questionnaires, respectively. Results available for 11 subjects, while preliminary, demonstrated a 

one-third reduction in dietary induced thermogeneisis, modest decreases in intake, physical activity 

and FFM (mean loss of 0.7 kg). The authors did not note any weight changes in these women. 

Preliminary data have also been reported from an ongoing study of chemotherapy effects on 

protein metabolism and weight gain mechanisms in breast cancer patients (Aslani et al, 1996). 

Results were described for 12 patients. Body weights increased while fat and protein levels assessed 
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by total body nitrogen were stable. The investigators are now investigating the hypothesis that the 

weight gains demonstrated were due to gains in body water. 

Treatment of Malnutrition in Cancer Patients 

The potential tools for the treatment of malnourished cancer patients include nutritional 

counseling, pharmacological stimulation of appetite, oral dietary supplements, and enteral or 

parenteral nutritional support. This review will focus on nutritional counseling and oral supplements, 

which are the most common forms of nutritional therapy provided to chemotherapy patients treated 

on an outpatient basis. 

Nutritional Counseling 

Nutritional counseling includes a discussion of concepts about food choices and preparation 

and questions regarding individual dietary histories and practices. Information is gathered through 

the interview process, which helps to assess the patient's nutritional status. Effort is made to 

establish rapport with the patient and to develop an individualized plan of care to address particular 

problems identified during assessment. Many cancer patients feel a loss of control over their lives. 

Involving patients and their families in their nutritional care and in making realistic nutritional goals 

can help offset these feelings (Ross, 1990). In addition to participation of the patient, successful 

counseling includes the ability of the counselor to adapt to individual patient's unique circumstances, 

empathetic listening skills, encouragement and continued follow up to reinforce nutritional principles 

and reassess the patient's nutritional status (Ross, 1990). 

Few studies which address the efficacy of nutritional counseling are available. One 

extensively quoted study by Evans and coworkers (1987) which randomized patients to either receive 

nutritional counseling or be assigned to a control group, failed to show significant effects of 
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counseling. The strengths of the study include controlling for the type of cancer, nutritional status 

and standardized chemotherapy regimes. There are also several important weaknesses inherent in 

this study that should be considered. First, the chemotherapy regime recommended during the time 

period of the study was not effective. The impact of nutritional intervention could not be clearly 

discerned and the decline in nutritional parameters was likely the result of untreated cancer. Second, 

the term counseling was used synonymously with the term intervention. The distinction of terms 

should clearly be made as this study has been used to support the lack of benefit for nutritional 

counseling in the cancer patient population. Further, the success of the nutritional intervention could 

not be justly evaluated due to the failure of patients to complete the nutritional intervention protocol. 

An example is the fact that 36% of the patients met the study criteria for enteral nutrition support and 

only 6% received this intervention. Therefore, the conclusions and external validity of this study are 

highly questionable due to confounding variables such as unsuccessful cancer treatment and the lack 

of appropriate nutrition intervention. 

The study by Ireton-Jones et al (1995) was more focused on nutritional counseling, and used 

body weight and dietary intake as primary determinants of nutritional status maintenance or 

improvement. This study of 103 adult, outpatient, chemotherapy patients aimed to compare patients 

provided with either one initial nutritional counseling session, or regular nutritional intervention and 

follow up throughout their chemotherapy. In the patients provided only one counseling session, 29% 

improved or maintained weight and caloric intake during chemotherapy; whereas in the group of 

patients provided regular nutrition follow up, 54% maintained or improved these parameters. 

Although these results are intriguing, it would have been helpful if the authors had provided the 

criteria used for determining if nutritional status was improved, maintained or deteriorating. This 
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lack of information limits the ability to assess the true value of the study or to replicate the study on 

additional populations. 

Oral Nutritional Supplements 

Because poor appetite and insufficient food intake often accompany the diagnosis of cancer, 

oral nutritional supplements are frequently prescribed. The commercially manufactured supplements 

are considered to be nutritionally complete and can therefore be used as the sole source of dietary 

intake. Many studies to date have focused on taste preferences of cancer patients for oral nutritional 

supplements. Few studies are available that have examined the long-term effect of oral supplements 

on nutritional status or body composition. 

Ovesen et al (1993) concluded that when used in conjunction with nutritional counseling, 

supplementation preserved body weight of patients receiving chemotherapy. Unfortunately, body 

composition data was not obtained. Positive response to chemotherapy and potential for recovery 

is likely related to the preservation of lean body mass. Therefore, body composition data of patients 

ingesting nutritional supplements would be useful to evaluate the efficacy of this practice. 
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METHODS 

Study Design 

This study employed a descriptive, prospective, multivariate, single group and repeated 

measures design. Nutritional and functional status parameters, as well as symptom distress scores 

(McCorkle and Young, 1978) were measured at baseline and monitored at four subsequent time 

points every three to four weeks over a 3-month period. The nutritional status parameters included 

body composition assessments using BIA and traditional anthropometric techniques. In addition, 

dietary intake was analyzed from two, 4-day food records per month. The functional status 

parameters included activities of daily living (ADL; Fillenbaum, 1985) and self-reported physical 

activity. The study protocol was approved by the Human Subjects Committee of The University of 

Arizona and written informed consent was obtained from all participants (Appendix A). 

Data Collection 

The measurements and data collection for the outcome variables were conducted at the 

oncology offices during each patient's scheduled chemotherapy appointments (Appendix B). 

Conducting a study in this clinical population requires empathy for the patient's feelings and 

preferences, and flexibility due to a dynamic clinical setting. The possibility that the study protocol 

would be postponed orcanceled due to patient request, illness, discomfort or change in chemotherapy 

treatment schedule was acknowledged. Effort was made to obtain the measurements prior to the 

chemotherapy treatments secondary to possible hydration changes that could alter the body 

composition results. However, if the subject preferred post-treatment measurements, effort was made 

to ensure that subsequent measurements were made under the same conditions. A variable was 
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created to document whether measurements were taken before or after chemotherapy treatment for 

each visit. Data collection began in July 1994 and extended for two years. The sequence for data 

collection is shown in Table 3-1. 

Subiects 

Adult subjects (n = 101) were recruited within the Tucson community from St. Mary's 

Hospital outpatient chemotherapy program. Northwest Cancer Treatment Center, Cancer Care Center 

of Southern Arizona (Associates in Hematology and Oncology), and the private practice of Gerald 

Hagin, MD. All patients receiving outpatient chemotherapy and meeting the inclusion criteria listed 

below were approached regarding their interest in participating. Subsequent to informed consent of 

the patient and the physician, each study subject was followed over three months of chemotherapy, 

unless the patient was dropped from the study or expired. 

Inclusion/Exclusion Criteria 

Study subjects met the following inclusion criteria: 

• No greater than three months into their chemotherapy treatment period 

• Planned chemotherapy for at least four months 

• Over 21 years of age 

• Ambulatory 

• A prognosis of greater than six months. 

Patients with a body weight greater than the 95th percentile were excluded due to concerns 

regarding the validity of skinfold measurements in this population. Patients with previous 

chemotherapy were included if at least one year of remission was experienced prior to current 

treatment. 
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Sample Size 

For calculation of statistical power, regression analysis was used as a statistical model to 

estimate subject requirements. Changes in nutritional and functional status, body composition and 

symptom distress variables were monitored with a goal of follow-up through three months of 

chemotherapy. Changes in the variables for each subject were recorded at baseline to 3-4 weeks of 

chemotherapy; baseline to 6-8 weeks of chemotherapy: and baseline to 9-12 weeks of chemotherapy. 

These data points constitute the units of analysis rather than the individual measurements. Given the 

generally accepted requirements of 20-30 subjects per variable in regression analysis, it was 

anticipated that 200-300 data points would be adequate. Therefore, for three time points of data 

collection a minimum sample size of 66 subjects was required, and for four time points, SO subjects 

would be adequate. 

Nutrition Status Assessment 

A complete nutrition history was taken prior to study entry with emphasis on history of 

nausea, vomiting, bowel dysfunction, changes in appetite, changes in oral intake, ability to chew and 

swallow, supplementation use, and weight change. Symptom-specific nutritional recommendations 

were offered to patients who were exhibiting common chemotherapy side-effects (Appendix C). 

Body weight was assessed, particularly in reference to the patient's usual pre-illness body weight. 

Medical history and cancer treatment plans were evaluated in terms of nutritional implications. 

Estimated energy and protein requirements were calculated using published recommendations for 

chemotherapy patients (Geerts, 1990). Appendix D contains the guidelines used for nutritional 

assessment. 
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Nutrition Risk Score 

Although a variety of nutritional status parameters were collected, an overall nutrition risk 

score was assigned with two adaptations of the Nutritional Status Score Worksheet, a tool designed 

by the Pacific Coast Hemotology/Oncology Medical Group for outpatients receiving chemotherapy 

(Halpert and Zahyna, 1993; Appendix E). A three-item score designates the level of nutrition risk. 

Item 1 is weight loss expressed as a percentage of the patient's usual body weight. The 

degree of loss or undesirable gain is coded from 1 to S as follows: 

1 — No change 

2 — Weight loss or undesirable gain up to 5% of usual body weight 

3 — Weight loss or undesirable gain greater than 5%, but not more than 10%, of usual body 

weight 

4 — Weight loss or undesirable gain greater than 10%, but not more than 20%, of usual body 

weight 

5 — Weight loss or undesirable gain greater than 20% of usual body weight. 

Item 2 is weight expressed as a percentage of ideal per age-adjusted weight tables 

(Metropolitan Life Insurance Company, 1983). The coding schema is as follows: 

1 — Normal weight (within ideal range) 

3 — Overweight (120% of ideal weight or more) 

4 — Underweight (85% of ideal weight or less). 

Item 3 is appetite/food intake during the previous two weeks. Appetite decrease was defined 

using the Symptom Distress Scale score (McCorkle and Young, 1978) as follows: 

1 — Normal or good 

2 — Mild decrease 
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3 — Moderate decrease 

4 — Severe decrease 

5 — Anorexia. 

For Nutrition Risk Score B, four items are used. Fat-free mass change was used instead of 

weight loss in Item 1. Fat-free mass was measured by BIA using the maufacturer-supplied prediction 

equation. The scoring criteria are as follows: 

0 — FFM gain 

1 — No FFM change 

2 — FFM loss of 2.5% to 4.9% of baseline 

3 — FFM loss of 5% to 9.9% of baseline 

4 — FFM loss of 10% to 20% of baseline. 

At the first visit, FFM is scored as 1 and is used as the baseline. 

Dietary Intake Analvses 

A training session on the accurate estimation of portion sizes of foods that highlighted 

differences in food textures as described by Yuhas, Bolland and Bolland (1989) and Weber et al 

(1997) was conducted upon subject entry to the study. Subjects completed two, 4-day food records 

each month on study. This number of days exceeds the minimum of three recommended for valid 

energy and protein intake estimation (Basiotis et al, 1987). A calendar marked with the days for 

recording intake was given to each subject. Diet records were reviewed for completeness and clarity 

during the visit with the dietitian. Analysis of dietary intake focused on energy and protein intake 

and was performed using the Nutritionist IV software (N-Squared Computing, Salem, OR, 1995). 

Supplementary vitamin use was recorded as a demographic variable, but was not included in the diet 
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analysis due to lack of vitamin supplement information in the Nutritionist IV database used. 

Appendix F contains the intake recording form and instructions. 

Body Composition 

Bioelectrical Impedance Analysis (BIA) 

The safe use and validation of single frequency, 50 kHz, and whole body BIA in body 

composition assessment of cancer patients has been documented (Fredrix et al, 1990; Fritz et al, 

1990; Catalano et al, 1993; Simons et al, 1995). The technique is based on the principle that an 

electrical current passed through the body is opposed by the non-conducting tissues, primarily 

adipose tissue, and is transmitted through electrolyte-rich lean body mass and water. A single 

frequency bioimpedance analyzer (model 100; RJL Systems, Clinton Township, MI) was used. All 

measurements were taken on the right side of the body with subjects supine, following the protocol 

and tetrapolar electrode configuration detailed by Lukaski et al (1986). Additional standardized 

measurement conditions required that subjects refrained from exercise for eight hours prior to the 

analysis, eliminated alcohol and caffeine for 24 hours prior, did not eat within 2 hours prior, voided 

urine within 1 hour prior, and rested quietly for 15-30 minutes prior to the analysis. Resistance 

measurements were used in equations to estimate TB W or FFM, which enabled calculations of other 

body compartments. 

Three BIA equations were used to estimate body composition in this study. The selection 

of equations was based on the results of a study of Simons et al (1995). In their study, TBW results 

obtained from 10 BIA prediction equations were compared to deuterium dilution in 25 normal and 

16 underweight cancer patients aged 64 ±9. The TBW obtained from the Graves et al (1989; 

Lohman, 1992) equation, RJL manufacturer equation, and the Kushner et al (1992) equation resulted 

in the lowest mean differences compared to the deuterium values in the normal weight cancer patients 
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studied. This study is one of two available studies examining the accuracy of BIA prediction 

equations in cancer patients and was chosen because it is the largest study to date and reported the 

most information on the comparison of equations. The combined equation from the Valhalla Inter-

University Study gives gender-specific estimates of ETM in kg (Lohman, 1992): 

FFM (females) = 0.475 x (ht*/R) + 0.295 x (wt) + 5.49 

ETM (males) = 0.485 x (ht*/R) + 0.338 x (wt) + 5.32 

where ht is height in cm, R is resistance measured at 50 kHz, and wt is body weight in kg. TEW and 

fat mass (FM) were derived from FFM as follows; 

TBW = FFM X 0.73 

FM = wt - FFM 

where 0.73 is the density (kg/L) of ETM. 

The second equation, published by Kushner et al (1992), estimates liters of TBW for both genders; 

TBW = [0.59 X (ht-/R)] + [0.065 x (wt)] + 0.04 

FFM (kg) and FM (kg) were derived as follows; 

FFM = TBW/0.73 

FM = wt - FFM 

The third equation, supplied by the manufacturer (RJL Systems) based on Van Loan and Mayclin 

(1987), gives gender-specific estimates of TBW; 

TBW (females) = 0.3821 x (ht^/R) + 0.1052 x (wt) + 8.3148 

TBW (males) = 0.3963 x (ht^/R) + 0.143 x (wt) + 8.4 

FFM (kg) and FW (kg) were derived as described above. 



66 

Anthropometry 

Height, body weight, mid-arm circumference, and skinfold (triceps, biceps, subscapular and 

suprailic) measurements were performed at baseline and prior to subsequent chemotherapy sessions. 

The Dumin and Womersley (1974) 4-site (tricep, bicep, subscapular, suprailiac) equations for men 

and women were used to estimate body density. The Siri (19S6) equation was used to calculate 

percentage body fat; 

Body fat (%) = (4.95/density - 4.50) x ICX) 

Measurements of anthropometric variables were made using a calibrated beam scale, Lange skinfold 

calipers (Beta Technology Inc., Cambridge, MD), a Ross circumference tape (Ross Laboratories, 

Columbus, OH) and the procedures recommended by the Arlie Consensus Conference (Lohman, 

Roche and Martorell, 1988) were followed. 

Functional Status 

Functional status was assessed using the Activities of Daily Living (ADL) questionnaire 

(Fillenbaum, 1985), and by a patient recall of activity/exercise between chemotherapy treatments 

adapted from (Jaglal, Kreiger and Darlington, 1993). The activity recall was administered verbally 

to minimize patient effort and to standardize the questioning format. The patients were asked to 

quantify participation in bouts per week of the listed common exercises, sports or hobbies or any 

other physical activity over the 3- to 4-week period between chemotherapy treatments. The duration 

of the activity was also solicited. Sessions of the same activity with different durations were 

averaged for the week. Interview notes supplemented the tool by describing the subject's perceived 

level of intensity for each activity. Calories burned through exercise were calculated as described 

by Ainsworth et al (1993). Using this method, body weight in kg was multiplied by associated 

metabolic rates for specific activities and by the duration of the activity. Appendix G contains the 



67 

ADL questionnaire and the activity assessment tool, which together provided the functional status 

assessment. 

Svmptom Distress 

The degree of discomfort reported by the patient in relation to his/her perception of the 

symptoms experienced is referred to as symptom distress (McCorkle and Young, 1978). The 

Symptom Distress Scale developed by McCorkle and Young was employed using the recommended 

protocol of administration to assess the patient's perception of ten symptoms associated with cancer 

and its treatment (Appendix H). These symptoms are as follows: nausea, mood, appetite, insomnia, 

pain, mobility, fatigue, bowel pattern, concentration and appearance. When tested on 53 patients, 

the reliability coefficient for this tool was 0.82 (McCorkle and Young, 1978). 

Emetic Scores 

The prescribed chemotherapy regime was classified by emetogenicity, or potential to cause 

nausea and vomiting (Hesketh et al, 1997). This classification schema includes 5 levels to estimate 

the emetogenicity of combination chemotherapy regimes (Appendix I). Although considerable 

progress in the prevention of chemotherapy induced nausea has occurred with the development of 

new, effective treatments, the optimal use of these agents is still evolving. Therefore, some patients 

may have more effective control of nausea than others. The Emetic Score was computed because this 

score represents a potential confounding factor affecting nutritional outcomes. 

Oualitv Control 

Subject Retention 

Conducting the study visit during the patient's chemotherapy appointment decreased the 

likelihood of subject attrition. Additional steps to decrease attrition included reminder postcards or 
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phone calls to any subject who forgot diet recording or other aspects of the study protocol. 

Adjustments for missing data were incorporated into the statistical analysis. 

Dietary Intake and Physical Activity 

Diet and physical activity records were reviewed with subjects at each visit to clarify vague 

or incomplete entries. Students who helped with dietary data entry were supervised and each record 

was checked for accuracy by comparing the entries with the diet records to assure that correct items 

and portions were entered. 

Body Composition 

Quality control for the body composition data collection was facilitated by the use of only 

one investigator for all measurements, thus eliminating the chance for interobservational sources of 

error. This investigator was trained and observed by an experienced investigator in anthropometry 

and BIA prior to starting data collection. Three replicates of all measurements were taken to test for 

reliability. 

Data Analysis 

Statistical analyses were carried out using S-Plus software version 4.5 (LME library of 

Pinheiro and Bates, 2000) and SigmaPlot software version 6.0. To determine if a variable 

systematically changes over time and whether this change is related to gender or to having the 

diagnosis of breast cancer, mixed effects model linear regression was employed. The mixed model 

is a method that generalizes analysis of variance (ANOVA) and regression methods and adjusts for 

the multiple correlated measurements from one subject, characteristic of longitudinal data (Edwards, 

1997). The mixed model method can also accommodate the missing and mistimed observations 

which are frequent occurrences when studying clinical populations (Jennrich and Schiuchter, 1986). 
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One of the most important aspects of the analysis was determining what variables were 

associated with clinical response to chemotherapy. In addition to the independent variables of age, 

gender, diagnosis, cancer stage and chemotherapy emetic score, the following dependent variables 

were considered as potential response predictors: weight, body composition (percentage body fat, 

ETM, TBW) from BIA and skinfold measurements, resistance measured by BIA, sum of the 4-site 

skinfold measures, EMI, energy and protein intakes, nutrition risk scores A and B, Symptom Distress 

Score, ADL score, activity energy expenditure, and weight maintenance classification. Spearman 

correlation coefficients were used to determine the strength of the relationship between these 

variables and chemotherapy response. The Spearman correlation coefficient, a nonparametric 

correlation, measures the tendency for two measures to vary together. This nonparametric test was 

used because it is least affected by extreme or outlying values, and a normal distribution of data is 

not assumed. The participants in this study include patients having mild and advanced stages of 

cancer, as well as malnourished and well-nourished patients, which increases the potential for 

extreme values. Data from the baseline and second visit were used for these analyses. 

To compare the ETM and body fat mass results obtained from BIA using either the 

instrument manufacturer's equation or one of two population-specific BIA equations with each other 

and with skinfold measurements, the Bland and Altman (Bland-AItman; 1986) analysis was used. 

Linear regression analyses were used to evaluate the degree of bias between pairs of body 

composition methods. 

Although none of the research hypotheses were directly related to gender, the analyses 

consistently showed gender differences in the change and relationship of many of the variables with 

chemotherapy response. Therefore, all hypotheses were analyzed for all subjects combined and for 

all subjects by gender. Additionally, half of the female patients had breast cancer. This disease has 
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been shown to have significant differences in nutritional response than other cancers. For example, 

weight gain is commonplace and is associated with adverse prognosis. Therefore, all of the analyses 

were repeated to isolate the effect of the diagnosis of breast cancer. 
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Table 3-1. Data collection sequence 

1 3^ 6-8 9-12 
Variable Pre-Morbid Baseline Weeks Weeks Weeks 

Body composition 

Anthropometry X X X X 

BIA X X X X 

Body weight X X X X X 

Demographics X X X X X 

Diet records X X X X 

Symptom distress X X X X 

Functional status X X X X X 



CHAPTER 4 

72 

RESULTS 

The primary aim of the study was to observe the nutritional status, symptom distress and 

physical activity levels of outpatient chemotherapy patients and explore the relationship of these and 

other factors with response to chemotherapy. A secondary aim was to compare estimates of 

percentage body fat obtained from bioelectrical impedance to those calculated from anthropometry. 

In addition, percentage body fat, TBW and ETM estimates from manufacturer-derived (RJL) BIA 

equations were compared to estimates derived from population-based BIA equations developed by 

Kushner et al (1992) and Lohman (1992). 

Because a criterion measure of nutritional status does not exist, several nutritional parameters 

were followed. A nutrition risk scoring tool developed specifically for oncology outpatients called 

The Nutritional Status Score Worksheet, designed by the Pacific Coast Hematology/Oncology 

Medical Group (Halpert and Zahyna, 1993) was employed. This assessment tool was adapted to 

monitor the direction and relative magnitude of overall nutritional risk change. Two different 

adaptations of this tool were used and the details are provided in Appendix E. The first, Nutrition 

Risk Score A, was based on body weight change and used the appetite rating from the Symptom 

Distress Scale (McCorkle and Young, 1978; Appendix H). The second. Nutrition Risk Score B, 

incorporated body composition measurements by BIA and self-reported energy and protein intakes. 

It was hypothesized that as patients received chemotherapy treatments their level of 

Symptom Distress and Nutritional Risk Scores would increase and their physical activity and ability 

to complete every day tasks would decline. Changes in the Nutrition Risk Scores and ETM were 

hypothesized to be stronger predictors of chemotherapy response than body weight change. The 
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instrument manufacturer-supplied and population-specific BIA equations were hypothesized to yield 

significantly different body composition results from each other and from the Dumin and Womersley 

(Dumin-Womersley; 1974) 4-site skinfold equation. The results of all measurements at each visit 

are tabulated for all subjects and by gender in Appendix J. 

Subject Demographic Characteristics 

Adult cancer patients (n = 101) receiving chemotherapy as outpatients were recruited into 

the study. Thirty patients dropped out of the study before reaching the minimum desired observation 

of at least 3 months of chemotherapy. Reasons included death (4), patient request (8), stopping 

chemotherapy (13), and co morbid illness (5). Seventy patients, who completed at least two visits, 

comprised the fmal study sample. There were 26 male and 44 female patients with an age range of 

21-86 years. The mean age for the total sample of 70 patients was 58.7 ± 14.9 years; and 55.7 ± 14.2 

and 63.2 ± 15.5 years for females and for males, respectively. The study participants were recruited 

from the practices of eight oncologists within four oncology centers in Tucson, Arizona. Study 

participants were entered no later than the beginning of their third month of chemotherapy. Sixty-

two subjects entered the study within the first month of starting chemotherapy treatments. One 

patient was African American; 6 patients were of Hispanic descent; and 63 patients were Caucasian. 

The cancer diagnoses represented were breast cancer, gastrointestinal cancer, lung cancer, lymphoma 

and a mixed group classified as miscellaneous. Diagnoses and gender distribution are shown in 

Table 4-1. The gastrointestinal cancer group included cancers of the stomach, pancreas, and rectum 

or colon. The miscellaneous group was comprised of a patient with testicular cancer, another with 

an unknown primary diagnosis, one with an endocrine tumor, one with sarcoma, one with bladder 

cancer and one patient with a rare Merkel cell tumor located in the breast. The lung cancer group 

was comprised of small and non-small cell cancer patients. Many types of cancer are classified by 
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severity using a scale from 1 to 4 scale. A stage 1 cancer or tumor is isolated and has not spread to 

surrounding tissue. A stage 4 tumor is an end stage disease and the tumor has spread, or metastasized 

to two or more surrounding organs or areas of the body. The patient's stage of cancer was 

documented when available and is shown in Table 4-2. Staging was not available for some diagnoses 

that are not possible to stage such as small-cell lung cancer patients. The lymphoma group was 

comprised of patients with Hodgkin's and non-Hodgkin's lymphoma, which is another cancer type 

that is not staged. 

Response to Chemotherapy 

Response to chemotherapy was rated by the oncologist at completion of the chemotherapy 

treatment and coded as 0 for no response, 1 for partial response, 2 for good response, 3 for excellent 

response or no evidence of disease. The criteria for rating response was based on the clinical 

diagnostic tests that are standard of care for the specific diagnosis of each patient For those patients 

who changed chemotherapy regimes during the course of the study the rating given for response was 

for the second course of chemotherapy. Twelve patients had no response, 9 patients had a partial 

response, 13 patients had a good response, and 36 patients had an excellent response or no evidence 

of disease. For sufficient statistical power the response variable was combined into two categories. 

The first category includes patients with partial and no response to chemotherapy. The second 

category includes patients with good and excellent response to chemotherapy as well as those with 

no evidence of disease after chemotherapy. A combined 70% of all the patients had good or 

excellent responses to chemotherapy or had no evidence of disease. Combined response to 

chemotherapy data are summarized by gender in Table 4-3. 
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Nutritional Variables 

The nutritional variables included height, weight, BMI, self-reported energy and protein 

intakes. Nutrition Risk Scores A and B and body composition (body fat, ETM and TBW) assessed 

by the Dumin-Womersley 4-site skinfold equation and by BIA. 

For data analysis purposes, patients were assigned to three groups based on weight change. 

The first group was comprised of weight maintainers, patients who maintained their weight within 

2 kg of their pre-illness weight. The second group was comprised of weight gainers, patients gaining 

at least 2 kg from their pre-illness weight. The final group was comprised of weight losers, patients 

losing at least 2 kg from their pre-illness weight. Using these categories at baseline, 50% of patients 

were weight maintainers, 41.4% were weight losers, and 0.8 % were weight gainers. After three 

months of chemotherapy 45.3% were weight maintainers, 12.5% were weight gainers, and 42.2 % 

were weight losers. Included in the category of patients gaining weight are two breast cancer 

patients. Weight gain in this group is generally not recommended. The distribution of weights by 

gender and diagnosis using this weight classification system is shown in Table 4-4. Body weight and 

body composition variables at baseline and after 3 months of chemotherapy are sununarized in Table 

4-5. 

The mean intake of all subjects did not change significantly over time. Compared to the 

range of energy (25-30 kcal/kg) and protein (1.2-1.5 g/kg) intakes recommended for chemotherapy 

patients, the mean intake was within 87% and 70% of the recommended energy and protein 

requirements, respectively (Bloch, 1998; Darbinian and Coulston, 1990). Dietary intake data are 

summarized in Table 4-6. Analysis of the data using the chi-square test did not reveal any 

statistically significant associations between a subject's chemotherapy response, gender or stage of 

cancer and the return of diet records. 
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Symptom Distress Scale 

The study subject's perception of degree of common cancer-related side effects was assessed 

at each visit by the Symptom Distress Scale developed by McCorkle and Young (1978; Appendix 

H). Overall, the scores for Symptom Distress at baseline and at 3 months were low (10-20) to 

medium (21-39). However, the average score does not indicate whether some items were rated high, 

reflecting more symptom distress with particular side effects. There was no significant change 

demonstrated in total Symptom Distress level over time in all subjects or by gender or diagnosis. 

Functional Status 

Functional status, representing overall physical ability to complete necessary tasks and 

desired activities is a routinely evaluated parameter in oncology. Physical activity, one measure of 

functional status, was assessed at each visit by a patient recall of activity/exercise type and duration 

between treatments using a tool adapted from Jaglal et al (1993). The coded activities were used to 

calculate the caloric expenditure of activity using the compendium of physical activities (Ainsworth 

etal, 1993). In all groups the activity related energy expenditure decreased over time. In the analysis 

of all subjects, male and breast cancer patients, but not non-breast cancer female patients, this decline 

reached statistical significance. Performance of every day tasks is also an essential aspect of 

functional status and was assessed by the ADLquestionnaire (Fillenbaum, 1985; Appendix G). The 

ADL score did not change significantly for any group of patients. 

Emetic Scores 

The emetic potential of the chemotherapy regime was evaluated using a method to assign 

a numerical score from 1 to 5 (Hainsworth and Hesketh, 1992; Appendix I). Sixty percent of the 



77 

patients were classified as having level S, or the highest emetic score with the other 30% equally 

divided among the second, third and fourth levels. 

Results of Hvpothesis Testing 

Hypothesis 1. From baseline to 3 months of chemotherapy, activity energy expenditure, and energy 

and protein intakes will decline as nutritional risk scores. Symptom Distress scores and ADL scores 

increase. Analysis: Mixed effects model linear regression analysis. 

This hypothesis was not supported by the total sample because not all of these variables 

changed as predicted from baseline to 3 months of chemotherapy (Table 4-7). The only variables 

with statistically signiflcant changes in the predicted direction were the activity energy expenditure 

and Nutrition Risk Score A. 

As hypothesized, the activity energy expenditure of all subjects decreased significantly (P 

= 0.002) over time. The decrease in activity energy expenditure was 23% per month. The analysis 

of activity energy expenditure by gender and diagnosis revealed that all groups experienced a decline. 

The 28% decrease per month was statistically significant for males (P = 0. 014), whereas the 19% 

decrease per month was not statistically significant for all females (P = 0.196). The 21% decrease 

was, however, statistically significant for females with breast cancer (P = 0.014). 

Although hypothesized to decline, energy and protein intakes did not change significantly 

over time. Energy and protein intakes adjusted for body weight are summarized in Table 4-6. The 

mean caloric intake for all subjects was ^87% of the recommended 25-30 kcal/kg estimated to meet 

the energy requirements of non-stressed chemotherapy patients (Bloch, 1998). The mean caloric 

intake was s90% and 281% of the recommended 25-30 kcal/kg for males and females, respectively. 

The mean protein intake for all subjects at all visits was greater than the RDA of 0.8 g/kg, and ^70% 

of the 1.2-1.5 g/kg of protein recommended for chemotherapy patients (Darbinian and Coulston, 
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1990). The mean protein intake was i.16% and s67%of the recommended intake and for males and 

females, respectively. 

As predicted. Nutrition Risk Score A increased significantly over time. The increase in 

Nutrition Risk Score A was 2.6% per month {P = 0.011). Nutrition Risk Score B did not change 

significantly overtime. The analysis of Nutrition Risk Score A by gender also revealed considerable 

differences. A higher Nutrition Risk Score A at baseline and a 4% increase (P = 0.006) were 

observed for males. For females. Nutrition Risk Score A decreased 1.2% per month, but this 

decrease did not reach statistical significance (P = 0.063). Breast cancer patients did not have a 

change in Nutrition Risk score A. 

The Symptom Distress Scores did increase as predicted, but the change did not reach 

statistical significance (P = 0.053) and the ADL scores did not change significantly over time. The 

change in the hypothesis 1 variables with 95% confidence intervals and P values is summarized in 

Table 4-8. 

Hypothesis 2. Changes in nutrition risk score and FFM will be more predictive of chemotherapy 

response scores than total body weight change. Analysis: Spearman Correlation analysis. 

The data analyses support this hypothesis with the exception of the nutrition risk scores, 

which only correlated with chemotherapy response at baseline. Although at baseline all of the 

variables were significantly correlated with response to chemotherapy the FFM was the only variable 

in which change over time was correlated with response. Spearman correlation coefficients for the 

relationship of study variables with chemotherapy response at baseline and the change over 3 months 

are summarized in Tables 4-9 and 4-10. As reported in the results of hypothesis 1, Nutrition Risk 

Score A increased over time, whereas Nutrition Risk Score B did not change significantly. Nutrition 

Risk Score A was significantly inversely related to positive chemotherapy response at the baseline 
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visit, but the change from baseline to 3 months of chemotherapy was not. Nutrition Score B was not 

significantly correlated with chemotherapy response at baseline, nor was the difference from baseline 

to 3 months of chemotherapy. 

Statistically significant increases were seen in FFM as measured by all of the bioelectrical 

impedance equations, but not by the skinfold method. Fat-free mass measured by all three of the BIA 

equations were significantly inversely related to positive chemotherapy response at the baseline visit. 

In contrast the changes from baseline to 3 months of chemotherapy were significantly correlated 

with chemotherapy response without the inverse relationship. There was no significant weight 

change observed over three months of chemotherapy. The baseline weight difference compared to 

pre-illness body weight was signiflcantly inversely related to positive chemotherapy response, but 

the change from baseline to 3 months of chemotherapy was not. This analysis, including Spearman 

correlation coefficients, 95% confidence intervals and P values, is summarized in Table 4-11. 

For males the baseline Nutrition Risk score A was significantly inversely related to positive 

chemotherapy response, but the change from baseline to 3 months of chemotherapy was not. For 

females the Nutrition Risk Score A did not have a significant correlation with chemotherapy response 

in either situation tested. 

For males, FFM measured by the Kushner et al, Lohman, and RJL equations was 

significantly inversely related to positive chemotherapy response at the baseline visit, but the changes 

in FFM from baseline to 3 months of chemotherapy were significantly correlated without the inverse 

relationship. For females with or without breast cancer no significant relationship between FFM by 

any measure and chemotherapy response was demonstrated at baseline or at 3 months of 

chemotherapy. 
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There was no significant weight change in female subjects. In male subjects, weight 

decreased (P = 0.040). The decrease per month was 0.32 kg (95% confidence interval of-1.36 to 

-0.63). At baseline the weight change from pre-illness body weight was significantly inversely 

related to positive chemotherapy response for males (P = 0.035), but not for females, (P = 0.086) 

or breast cancer patients (P = 0.574). 

Age was significantly inversely related to positive chemotherapy response in the all subjects 

(P < 0.0001), females {P = 0.012), and breast cancer patients (P = 0.017), but not for males (P = 

0.122). Stage of cancer was significantly inversely related to positive chemotherapy response in all 

subjects (P < 0.0001), as well as all stratification groups. The emetic score for the potential for 

nausea and vomiting by prescribed chemotherapy agents was significantly inversely related to 

positive chemotherapy response in all subjects (P = 0.010) and in the female subgroup only (P = 

0.005). Energy intake was not related to response in any group but dietary protein intake was 

associated with chemotherapy response in the breast cancer group only (P = 0.044). Symptom 

distress Scores were predictive of response in all subjects (P = 0.027), but did not prove to have a 

significant relationship with response when stratified for gender and diagnosis of breast cancer. The 

ADL Score was significantly inversely related to positive chemotherapy response for breast cancer 

patients only (P = 0.013). The resistance measurement of the bioelectrical impedance body 

composition method significantly related to positive chemotherapy response for all subjects and 

males at baseline and approached significance for the difference at 3 months of chemotherapy for the 

all subjects group only (P = 0.053). Spearman correlation coefficients for the relationship between 

study variables and chemotherapy response are summarized in Tables 4-12 to 4-14. 

Hypothesis 3. Manufacturer-supplied bioelectrical impedance equations and anthropometry will 

yield significantly different estimates of body fat and FFM compared to estimates from the Kushner 
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et ai (1992) equation and the Valhalla Interuniversity equation of Lohman (1992). Analysis: 

Spearman correlation analysis and Bland-Altman analysis. 

This hypothesis was analyzed by Spearman correlation analysis using baseline and 3 month 

values and by Bland-AItman analysis using all of the visits. The Spearman correlation coefficient 

is a nonparametric correlation that measures the tendency for two measures to vary together. This 

nonparametric test was used as it is least affected by extreme or outlying values. This group of 

patients includes both malnourished and well nourished subjects, which makes extreme values highly 

probable. 

Because this study lacks a criterion method of body composition analysis, Bland-Altman 

plots were used to compare the differences in body fat mass and FFM estimates between the 

manufacturer's equation (RJL) and the two population-specific BIA equations and anthropometry. 

For each method Bland-Altman plots were constructed for all subjects as a group, for males, for 

females and for females with and without breast cancer (Figures 4-1 through 4-12). 

At baseline the Lohman equation and the Kushner et al equation were the most highly 

correlated (rho 0.903) of all comparisons for body fat, but at 3 months the Dumin-Womersley 4-site 

skinfold equation and the Kushner et al equation were the most highly correlated (rho 0.901). The 

BIA population equation that most highly correlated with the RJL equation at baseline and 3 months 

was the Lohman equation (rho 0.536 and 0.747). The BIA equation with body fat values most highly 

correlated with the Dumin-Womersley 4-site skinfold equation was the Kushner et al equation (rho 

0.833,0.901). Table 4-9 summarizes the Spearman correlation coefficients (rho), 95% confidence 

intervals and P values for the comparison of body fat measures. 

At baseline and at 3 months the Lohman equation and RJL equation were the most highly 

correlated (rho 0.987,0.986) of all of the comparisons for FFM. The BIA population equation that 
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most highly correlated with the RJL equation at baseline and 3 months was the Lohman equation (rho 

0.987,0.986). At baseline and 3 months the BIA equation with FFM values most highly correlated 

with the Dumin-Womersley 4-site skinfold equation was the Lohman equation (rho 0.932,0.958). 

Table 4-10 summarizes the Spearman correlation coefficients (rho), 95% confldence intervals and 

P values for the comparison of FFM measures. 

The manufacturer and population BIA equations were each compared to the Dumin-

Womersley 4-site skinfold equation. The values obtained for body fat mass by BIA were lower in 

all groups compared to the skinfold method with one exception. For female subjects the Lohman 

equation overestimates body fat mass compared to the skinfold method (Figure 4-2). Bland-Altman 

plots for the comparison of body fat mass obtained using the Lohman equation with that from 

skinfold estimates demonstrated significant slopes for all subject groups. For males, the relationship 

is linear which indicates the tendency for the underestimation is most significant at higher body fat. 

The r values are very low (<0.1) for the female and breast cancer groups indicating that the 

relationship for these groups is not linear. 

The RJL equation underestimates body fat in all groups compared to the skinfold method. 

The Bland-AItman plots (Figure 4-1) produced slopes indicating a tendency for underestimating at 

higher body fats for all groups. 

The BIA equation that agreed most closely to the results obtained from the Dumin-

Womersley 4-site skinfold method and did not have a significant slope was the Kushner et al 

equation. However, the mean differences ± SD were fairly high and ranged from -2.18 ± 2.51 kg 

for females without breast cancer to -2.92 ± 4.76 kg for males indicating that the methods may 

underestimate by as much as 7 kg. The equation was least comparable to the skinfold method in 
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males where the mean difference was highest and precision was poorest as evidenced by the highest 

SEE (4.81) (Figure 4-3). 

Compared to the Lohman equation, the RJL equation underestimated body fat mass in all 

groups with the exception of males, which were slightly overestimated. Very tight limits of 

agreement (±2 SD) were seen for males comparing the RJL equation with the Lohman equation, but 

the methods are not interchangeable because the slope of the Bland-Altman plot was significant. A 

very low r (<0.1) indicates that the relationship is not linear. The slope was significant for all of the 

other subject groups, and the relationship for the all of the subjects as a group was not linear (r = 

0.293). 

Compared to the Kushner et al, the RJL equation slightly overestimated body fat mass for 

all groups. The RJL equation yielded relative estimates dependent on body fatness with signiHcant 

slopes for all groups, as well as linear relationships. The r value for males was very high (0.940) 

indicating a close to perfect linear relationship with a tendency to underestimate body fat at higher 

levels of fatness. 

Compared to the Kushner et al equation, the Lohman equation slightly overestimated body 

fat mass for all groups with one exception. For males, body fat mass was slightly underestimated. 

The population equations are not interchangeable due to significant slopes indicating that the results 

were dependent on body fatness for all groups tested. The separate plots by gender reveal the 

overestimation was driven by females where the mean difference was 3.45 kg, and the limits of 

agreement (±2 SD) were very narrow. There was a tendency for underestimation of body fat by the 

Lohman equation at higher body fat mass, which is present in females, but most significant in males. 

The very high (0.839) indicates a linear data relationship for males. The tendency for lower 
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estimates of body fat mass in the female groups is most significant in females with breast cancer, 

where r (0.746) was the highest of all of the female groups. 

Compared to the results obtained from the 4-site Dumin-Womersley skinfold equation all 

of the BIA equations tested significantly overestimated FFM. For all of the BIA equations tested, 

the Bland-Altman plots for all of the subjects as a group and for the male group had significant slopes 

indicating that the results are dependent on the level of FFM. For the female group and the breast 

cancer group the RJL equation did not have significant slope; however, the regression for the female 

group without breast cancer did. This indicates that for females without breast cancer the RJL 

equation is not interchangeable with the skinfold method for determining FFM. In contrast, the 

regressions of the Kushner et al equation and the Lohman equations with the skinfold method did not 

have significant slopes for the female group without breast cancer. In this group of females, the 

Kushner et al equation is more interchangeable with the skinfold method because it has a lower mean 

difference (3.74 ± 3.94 kg) when compared to the skinfold method than does the Lohman equation 

(5.55 ± 2.66 kg). For the regressions of all of the BIA equations compared to the skinfold method, 

the relationship for all significant slopes was not linear as evidenced by very low r values. 

The results of the Bland-Altman analyses indicate that when compared to the two population-

based equations, the RJL equation did not yield relative estimates and 95% limits of agreement that 

were independent of FFM levels. When the RJL equation was compared to the Lohman and Kushner 

et al equations, significant slopes were evident for all groups of subjects, but the relationship for all 

of the subjects as a group was not linear as evidenced by very low values. The results indicate that 

the RJL equation was not interchangeable with the Lohman or Kushner et al equations for predicting 

FFM. 
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Compared to the Lohman equation, the RJL equation slightly underestimated FFM in all 

groups. The underestimation was greatest in the female groups. The upper and lower limits were 

very narrow, but the slopes were significant for all groups. Compared to the Kushner et al equation, 

the RJL equation slightly overestimated FFM in all groups with the greatest overestimation in males. 

The significant slope of the plotted values for all groups was indicative of a tendency for 

underestimation at higher levels of FFM. 

Compared to the Kushner et al equation, the Lohman equation slightly overestimated FFM 

in all groups. No slope is evident for all of the subjects as a group, males or females without breast 

cancer, indicating that the equations are interchangeable in these groups of subjects. The regression 

slope was significant for the female group as a whole, but this tendency toward underestimation 

appears to be driven by the females with breast cancer as evidenced by the lack of a significant slope 

in the female group without breast cancer and the significant slope in the breast cancer group. The 

relationship for females and for females with breast cancer was not linear as evidenced by the very 

low r values (0.011 and 0.167, respectively). 
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Table 4-1. Diagnosis and gender distribution 

Diagnosis Male Female Total Percent 

Breast cancer 0 22 22 31.43 

Gastrointestinal cancer' 10 7 17 24.29 

Lung cancer^ 7 7 14 20.00 

Lymphoma^ 5 6 11 15.71 

Miscellaneous'* 4 2 6 8.57 

Total 26 44 70 100.00 

'Gastric (2), pancreas (3), rectum or colon (12) 
"Small cell (7), non-small cell (7) 
^Hodgkin's (2), Non-Hodgkin's (9) 
•"Testes (I), endocrine (1), sarcoma (1), bladder (1), Merkel cell (1), unknown primary (1) 



Table 4-2. Stage of cancer' (n = 60) 

Stage Number of patients Percent of total 

1 6 10 

2 19 32 

3 16 26 

4 19 32 

Total 60 100 

'Stage of cancer determined by physician prior to chemotherapy 
initiation for the types of cancer staged using a number from 1 to 4 
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Table 4-3. Response to chemotherapy by study subjects 

Response' Male Female Total 
Percent pf 

total 

No response or partial 10 11 21 30 

Good response or excellent 16 33 49 70 

Total 26 44 70 100 

'Rated by oncologist at chemotherapy treatment completion 
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Table 4-4. Weight categories at baseline and 3 months organized by gender and diagnosis 

Maintainer Gainer Loser 

N % N % N % 

Gender 

Male 
Baseline 9 34.6 2 7.7 15 57.7 
3 months 5 20.8 4 16.7 15 62.5 

Female 
Baseline 26 59.1 4 9.1 14 31.8 
3 months 24 60.0 4 lO.O 12 30.0 

Diagnosis 

Breast 
Baseline 16 72.8 3 13.6 3 13.6 
3 months 16 76.9 3 13.6 2 9.5 

Gastrointestinal 
Baseline 5 29.4 10 58.8 2 11.8 
3 months 4 26.7 3 20.0 8 53.3 

Lung 
Baseline 6 42.9 0 0 8 57.1 
3 months 3 25.0 I 8.3 8 66.7 

Lymphoma 
Baseline 5 45.5 0 0 6 54.5 
3 months 6 60.0 0 0 4 40.0 

Miscellaneous 
Baseline 3 50.0 1 16.7 2 33.3 
3 months 0 0 2 33.3 4 66.7 
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Table 4-5. Body weight and composition variables at baseline and visit 2 at 3 months 

All subjects 
(« = 70) 

Males 
(n = 26) 

Females 
(n = 44) 

Weight, kg 
Baseline 
3 months 

Percent of usual body weight 
Baseline 
3 months 

Body mass index (BMI), kg/m^ 
Baseline 
3 months 

Skinfold body fat, % 
Baseline 
3 months 

RJL body fat, % 
Baseline 
3 months 

Kushner et al body fat, % 
Baseline 
3 months 

Lohman body fat, % 
Baseline 
3 months 

Skinfold fat-free mass, kg 
Baseline 
3 months 

RJL fat-free mass, kg 
Baseline 
3 months 

Kushner et al fat-free mass, kg 
Baseline 
3 months 

Lohman fat-free mass, kg 
Baseline 
3 months 

70.8 ± 14.0 
71.4 ± 14.1 

1.0 ±0.1 
1.0 ±0.1 

24.9 ±4.1 
24.9 ±4.1 

21.6 ±8.3 
21.5 ±8.5 

21.7 ±4.3 
20.7 ± 5.2 

18.9 ±9.4 
17.9 ± 10.1 

22.5 ±8.1 
21.2 ±8.6 

49.3 ± 9.6 
50.0 ± 9.6 

53.2 ± 10.0 
54.6 ± 10.3 

52.0 ± 10.6 
53.7 ± 11.0 

54.6 ±10.5 
56.0 ±10.8 

77.1 ± 16.0 
77.8 ± 15.5 

l.I ±0.1 
l.I ±0.1 

24.9 ±4.1 
25.0 ±3.9 

18.6 ±9.1 
19.2 ±9.6 

18.3 ±5.3 
17.7 ±6.4 

16.5 ±9.1 
15.7 ± 10.7 

16.8 ±6.0 
16.0 ±7.6 

58.5 ± 8.4 
58.6 ±7.1 

63.1 ±9.2 
63.8 ±8.5 

61.0 ±10.9 
62.0 ± 10.2 

64.0 ±10.7 
64.6 ±9.8 

67.2 ± 11.3 
67.4 ±11.6 

1.0 ±0.1 
1.0 ±0.1 

24.9 ±4.2 
24.9 ±4.3 

23.3 ± 7.3 
23.3 ±7.2 

22.6 ±2.5 
22.9 ±2.4 

20.3 ±9.4 
19.5 ± 8.5 

25.7 ±7.4 
25.1 ±7.3 

43.8 ±5.2 
43.7 ±5.3 

47.5 ±4.5 
48.0 ±5.1 

46.9 ± 6.0 
47.6 ±6.8 

49.3 ±5.6 
49.7 ±6.1 



91 

Table 4-6. Energy and protein intakes calculated' from diet records and expressed per 
kilogram of body weight 

All subjects Males Females 

Baseline 
Number of subjects 70 26 44 
Number of diet records returned 34 15 19 
Energy^, kcal/kg 24.7 ± 7.9 26.3 ± 8.5 23.4 ± 7.5 
Protein^g/kg 0.98 ± 0.34 1.03 + 0.37 0.94 ±0.32 

Visit 1 
Number of subjects 64 23 38 
Number of diet records returned 48 21 27 
Energy*, kcal/kg 25.1 ± 6.9 24.9 ± 7.6 25.3 ± 6.6 
Protein%g/kg 1.03 ±0.30 1.02 ±0.37 1.04 ±0.25 

Visit 2 
Number of subjects 57 24 33 
Number of diet records returned 41 18 23 
Energy", kcal/kg 24.6 ± 7.7 27.4 ± 8.3 22.5 ± 6.6 
Protein^g/kg 0.98 ± 0.29 1.07 ±0.29 0.91 ±0.28 

Visit 3 
Number of subjects 43 19 27 
Number of diet records returned 32 15 17 
Energy^, kcal/kg 23.8 ± 6.7 24.8 ± 6.5 23.0 ± 6.7 
Protein^g/kg 0.95 ±0.27 1.02 ± 0.27 0.90 ±0.27 

^Nutritionist IV software (N-Squared Computing, Salem, OR, 1995) 
"Values are mean ± SD 



92 

Table 4-7. Activity energy expenditure, energy and protein intakes, nutrition risk scores. 
Symptom Distress Scale scores, and Activities of Daily Living scores for cancer patients at 
baseline and after 3 months of chemotherapy (Hypothesis 1 variables)' 

Variables All subjects Male Female 

Activity energy expenditure, kcal/d 
Baseline 132 ±255 
3 months 121 ±202 

Energy intake, kcal/d 
Baseline 1697 ±511 
3 months 1747 ±622 

Protein intake, g/d 
Baseline 67.7 ± 22.3 
3 months 69.6 ± 23.4 

Nutrition risk score A 
Baseline 4.8 ±1.8 
3 months 5.1 ±2.0 

Nutrition risk score B 
Baseline 5.1 ± 2.0 
3 months 5.5 ± 2.7 

Symptom Distress Scale 
Baseline 19.6 ± 5.8 
3 months 19.7 ± 6.4 

Activities of Daily Living score 
Baseline 6.3 + 1.7 
3 months 6.3 ±1.8 

236 ± 382 
167 ±291 

1948 ±499 
2104 ±689 

76.0 ± 22.0 
82.2 ± 22.4 

5.1 ±2.0 
5.6 ± 2.2 

5.1 ±2.4 
5.2 ± 2.3 

19.9 ±5.0 
19.2 ±6.1 

6.3 ±1.8 
6.1 ± 1.7 

70 ±95 
94 ± 118 

1499 ±437 
1469 ± 389 

61.0 ±20.8 
60.2 ± 19.7 

4.7 ± 1.7 
4.7 ± 1.9 

5.0 ± 1.7 
5.8 ± 3.0 

19.5 ±6.2 
20.1 ±6.8 

6.3 ± 1.7 
6.3 ± 1.9 

'Values are mean ± SD 
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Table 4-8. Change in activity energy expenditure, energy and protein intakes, nutrition risk 
scores. Symptom Distress Scale scores, and Activities of Daily Living scores for cancer 
patients over 3 months of chemotherapy (Hypothesis I variables) 

Variables Change 95% CI 

Activity energy expenditure 

Energy intake 

Protein intake 

Nutrition Risk Score A 

Nutrition Risk Score B 

Symptom Distress 

Activity of Daily Living Score 

Decrease 23% per month (9, 35%) 

No 

No 

Increase 2.6% per month (0.1, - 5.1 %) 

No 

Trend of Increase 

No 

0.002 

0.715 

0.371 

0.037 

0.547 

0.053 

0.189 
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Table 4-9. Correlations with chemotherapy response for males using Spearman 
correlation coefficients at baseline and 3 months of chemotherapy 

rho 95% CI 

Baseline 

Cancer stage 

Fat-free mass 
RJL 
Kushner at al 
Lohman 

Total body water 
RJL 
Kushner et al 
Lohman 

Weight difference 

Nutrition score A 

3 months 

Fat-free mass 
Kushner et al 

Total body water 
Kushner et al 

-0.48 

-0.48 
-0.54 
-0.46 

-0.48 
-0.54 
-0.46 

-0.41 

-0.50 

0.41 

0.41 

-0.75, -0.09 

-0.73, -0.11 
-0.77, -0.19 
-0.72, -0.08 

-0.73, -0.11 
-0.77, -0.19 
-0.72, -0.08 

-0.69, -0.03 

-0.74, -0.14 

0.00,0.70 

0.00, 0.70 

0.027 

0.014 
0.006 
0.019 

0.014 
0.006 
0.019 

0.035 

0.0 II 

0.049 

0.049 



Table 4-10. Correlations with chemotherapy response for female and breast cancer 
using Spearman correlation coefficients at baseline and 3 months of chemotherapy 

rho 95% CI P 

Baseline 

Emetic score 0.64 0.29,0.84 0.005 

Cancer stage -0.76 -0.89, -0.49 0.003 

Age -0.53 -0.78, -0.12 0.020 

Breast cancer 

Age -0.51 -0.10, -0.77 0.017 

Cancer stage -0.46 -0.76,0.00 0.049 

Protein intake 0.68 0.35,0.86 0.044 

ADL score -0.54 -0.84,0.00 0.013 
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Table 4-11. Change in body composition' 

All subjects P Breast cancer P 

Fat-free mass (kg/month) 
RJL 0.30(0.09,0.51) 0.005 No change 
Kushner et al 0.46 (1.60,0.77) 0.002 0.78 (0.28, 1.28) 0.003 
Lohman 0.26 (0.04,0.48) 0.017 0.48 (0.16, 0.80) 0.004 

Body fat (% per month) 
RJL No change 0.596 No change 0.229 
Kushner et al -0.65 (0.23, 1.07) 0.002 -0.90 (-1.8,0.0) 0.050 
Lohman -0.43 (0.18,0.69) <0.0001 -0.51 (-0.11, -0.91) 0.012 
Skinfold* No change 0.256 No change 0.854 

Skinfold sum^ (mm/month) -4.09 (3.88, 2.29) <0.0001 -4.15 (-8.05, -0.26) 0.037 

Total body water (L/month) 
RJL 0.22 (0.07,0.37) 0.004 0.37(0.13,0.16) 0.003 
Kushner et al 0.34 (0.12, 0.56) 0.002 0.57 (0.20, 0.93) 0.003 
Lohman No change 0.087 0.35(0.11,0.59) 0.004 

'Values are mean (95% CI) 
^Calculated using Dumin and Womersley (1974) 4-site skinfold equation 
^Bicep, tricep, suprailiac and subscapular skinfolds 
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Table 4-12. Body fat Spearman correlation coefficients (rho) at baseline and 3 months 

rho 95% CI P 

Baseline 
Lohman vs Kushner et al 0.90 (0.85,0.94) <0.0001 
RJLvsKushneretal 0.45 (0.24,0.62) <0.0001 
RJL vs Lohman 0.54 (0.34,0.69) < 0.0001 
Skinfold vs Kushner et al 0.83 (0.74,0.89) < 0.0001 
Skinfold vs Lohman 0.72 (0.58,0.82) <0.0001 
Skinfold vs RJL 0.37 (0.15,0.56) 0.001 

3 Months 
Lohman vs Kushner et al 0.90 (0.83,0.94) <0.0001 
RJLvsKushneretal 0.66 (0.49,0.78) <0.0001 
RJL vs Lohman 0.75 (0.61,0.84) <0.0001 
Skinfold vs Kushner et al 0.90 (0.84,0.94) <0.0001 
Skinfold vs Lohman 0.79 (0.67,0.87) <0.0001 
Skinfold vs RJL 0.56 (0.36,0.71) <0.0001 
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Table 4-13. Fat-free mass Spearman correlation coefficients (rho) at baseline and 3 
months 

rho 95% CI 

Baseline 
Lohman vs Kushner et al 
RJL vs Kushner et al 
RJL vs Lohman 
Skinfold vs Kushner et al 
Skinfold vs Lohman 
Skinfold vs RJL 

3 Months 
Lohman vs Kushner et al 
RJL vs Kushner et al 
RJL vs Lohman 
Skinfold vs Kushner et al 
Skinfold vs Lohman 
Skinfold vs RJL 

0.97 
0.98 
0.99 
0.87 
0.93 
0.92 

0.97 
0.98 
0.99 
0.91 
0.96 
0.92 

(0.96, 0.98) 
(0.97, 0.99) 
(0.98, 0.99) 
(0.80, 0.92) 
(0.89, 0.96) 
(0.88, 0.95) 

(0.95, 0.98) 
(0.97, 0.99) 
(0.98, 0.99) 
(0.86, 0.95) 
(0.93, 0.98) 
(0.88, 0.95) 

<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 

<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
<0.0001 
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Table 4-14. Correlations with chemotherapy response for all subjects using Spearman 
correlation coefficients (rho) at baseline (n = 70) and at 3 months of chemotherapy (n = 57) 

rho 95% CI 

Baseline 

Emetic Score 

Age 

Cancer Stage 

Symptom Distress 

Resistance 

Fat-free mass 
RJL 
Kushner et al 
Lohman 

Weight Difference 

Nutrition Score A 

3 Months 

Resistance 

Fat-free mass 
RJL 
Kushner et al 
Lohman 

0.31 

-0.43 

-0.57 

-0.27 

0.24 

-0.26 
-0.25 
-0.26 

-0.30 

-0.30 

-0.26 

0.30 
0.31 
0.29 

(0.08,0.51) 

(-0.6, -0.21) 

(-0.72, -0.36) 

(-0.48, -0.03) 

(0.0,0.45) 

(-0.47, -0.02) 
(-0.46, -0.01) 
(-0.47, -0.03) 

(-0.50, -0.07) 

(-0.50, -0.07) 

(-0.49,0.0) 

(0.04, 0.52) 
(0.05,0.52) 
(0.04,0.52) 

0.010 

<0.0001 

<0.0001 

0.027 

0.048 

0.032 
0.040 
0.031 

0.012 

0.012 

0.053 

0.025 
0.023 
0.028 
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Figure 4-1. Agreement between the 4-site skinfold equation of Dumin and Womersley (1974) and 
single frequency bioimpedance analysis using the RJL equation for estimating body fat mass in 
cancer patients. The difference between the estimates by the two methods (y) is plotted against the 
mean of the estimates by the two methods (x) (Bland and Altman, 1986). 
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analysis equations for estimating fat-free mass in cancer patients. The difference between the 
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DISCUSSION 

Three main areas were addressed in this study. First, a current assessment of nutritional and 

functional status change and their relationships with chemotherapy response over a minimum of 3 

months of chemotherapy treatment was provided. Second, two versions of a nutritional risk tool were 

compared. Third, the utility of using skinfolds, the instrument manufacturer and the two population-

based BIA prediction equations to assess body composition were compared. Unanticipated findings 

from this study were the significant differences by gender and diagnosis of breast cancer in the 

change in nutritional and clinical factors and their relationships to chemotherapy response. These 

differences made separate analysis of these groups necessary. 

Functional Status 

It was predicted that activity energy expenditure would decline and ADL scores would 

increase over time in patients receiving chemotherapy due to fatigue associated with chemotherapy, 

which is believed to occur in 80% of treated patients (Kalman and Villiani, 1997). Patients 

experienced a 23% decline in activity energy expenditure per month, but did not demonstrate a 

change in ADL scores. Although both men and women experienced a decline in activity energy 

expenditure, the decline was greater in males and in females with breast cancer and did not reach 

statistical signiflcance in females without breast cancer. This decline in activity energy expenditure 

represents decreased functional status of the subjects. The greater decline in activity energy 

expenditure in male subjects may be related to their weight loss, which has been shown to be 

correlated with decreased functional status in patients receiving chemotherapy (Ovesen et al, 1993). 
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These results suggest that physical activity declined, but patients maintained their ability to 

perform basic tasks associated with everyday life. The exact mechanism for the development of 

fatigue while undergoing chemotherapy treatments is not known. Poor nutrition and anemia are 

plausible, but unproven causative factors in fatigue development. Other factors believed to play a 

role include possible muscular changes and atrophy demonstrated by some patients with cancer, 

leukopenia (decline in white blood cells), inactivity by patients encouraged to "relax", and 

mitochondrial dysfunction leading to futile energy cycles (Kalman and Villiani, 1997). 

Symptom Distress Scale 

It was predicted that Symptom Distress Scale scores would increase over time, reflecting the 

accumulation of side effects due to the toxicity of chemotherapy and the increasing burden of these 

symptoms on patient's lives. As predicted the scores increased over time, but the increase did not 

meet the 0.05 level of statistical significance (P = 0.053). This tool has been described as "one of 

the best constructed and most reliable self-report measures used in cancer research" (McClement, 

Woodgate and Degner, 1997). A strength of the tool is that it was developed from patients' self-

reports of symptoms that were identified as concerning to them. However, a disadvantage of the tool 

is that it is not possible to determine the relative importance of specific symptoms to individual 

patients. Another weakness of the tool is that it rates the degree of distress the symptom is causing, 

but does not rate the intensity of the symptom (McClement et al, 1997). One reason statistically 

significant change was not detected in the Symptom Distress Scale in this group of patients could be 

that patients of today have different concerns and symptoms than the patients originally used to 

develop the tool more than 20 years ago. Changes in cancer treatments, anti-emetic medications and 

available symptom management medications and treatments would likely affect the relevancy of the 
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symptom distress tool. Finally, it might be that the length of observation or the sample size was not 

adequate to detect change in such a heterogeneous group of patients. 

Nutritional Risk Scores 

Nutrition Risk Scores were expected to increase over time in patients receiving 

chemotherapy, reflecting worsening nutritional status. A key Hnding from this study is that Nutrition 

Risk Score A detected nutritional change over time and lower scores were correlated with positive 

chemotherapy response. This tool was adapted from a clinical tool used to assess nutritional status 

of outpatient chemotherapy patients and has not been previously used as a research tool. One of the 

reasons it may have been so useful is that it incorporates percentage of pre-illness weight, which by 

itself was significantly inversely related to positive chemotherapy response. 

As predicted a 2.6% increase was demonstrated in version A of the nutrition risk scores, but 

no change was demonstrated in version B. A clinically significant gender difference was that men 

in this study had a mean weight loss and an overall decrease in nutritional status as demonstrated by 

a 4% increase in Nutritional Risk Score A, while women did not have weight change and had a trend 

towards improved nutritional status as measured by a 1.2% mean decrease in Nutritional Risk Score 

A (P = 0.063). The absence of demonstrated change in version B of the Nutrition Risk score 

remained when analyzed by gender. 

It is remarkable that the incorporation of dietary intake and FFM data for Nutrition Risk 

Score B did not improve the tool and, in fact, seemed to decrease its value. One of the reasons this 

tool did not prove to be useful could have been the use of dietary intake data. It was predicted that 

energy and protein intake would decline over time in patients receiving chemotherapy, but no 

significant change was demonstrated. No change in energy or protein intake was demonstrated over 

time in the all subject's group or by gender. It is interesting that no change in energy intake was 
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found in males despite their overall weight loss, but this is similar to the observation of Sama et al 

(1993) who reported a decline in energy intake that did not correspond with weight loss in a study 

of lung cancer patients. 

Diet Analysis 

Dietary intake of energy or protein was not correlated with chemotherapy response in the all 

subjects group or in the analyses by gender. The intake of protein and energy were the focus of the 

diet analysis because published recommendations for these nutrients for chemotherapy patients are 

available. The recommended intake forenergy is 25-30 kcal/kg(Bloch, 1998) and for protein is 1.2-

1.5 g/kg (Darbinian and Coulston, 1990). Widely accepted recommendations are not available for 

other macronutrients. One factor limiting the detection of change and influence of dietary intake in 

this study was that not all of the subjects completed diet records. As a group the patients returned 

only 50% of the prescribed records at the baseline visit, 75% at the first visit, 63% of the records at 

the second visit, and about 60% at the third visit. It is possible that the patients who did complete 

the records (responders) were feeling better and had higher energy and protein intakes than those who 

did not complete them (non-responders). The problem of non-response to dietary surveys is a well-

recognized problem in nutritional research and is estimated to be as high as 30% (Cole, 1991). It has 

been observed that non-responders as a group are different from responders, so that the effect of non-

response is to make the sample less representative of the target population (Cole, 1991). Some 

research has suggested that the subjects with higher education levels are more likely to return diet 

records (Guthrie, 1995). 

Furthermore, diet records are known to be error prone with some estimations of error as high 

as 20-30% (Mertz et al, 1991; Martin et al, 1996; Sawaya et al, 1996). However, training was 

provided on diet recording and measurement of foods with different textures, which has been 
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demonstrated to decrease this error by increasing the accuracy of portion estimations (Weber et al, 

1997). Because the dietary intakes of the patients completing records in this study did not change 

significantly over time, and their intakes of energy or protein were not correlated with response to 

chemotherapy, it is not surprising that dietary data did not improve this tool. It is possible that the 

nutritional counseling provided to all study subjects helped with the maintenance of energy and 

protein intakes as has been demonstrated in other studies of dietitian intervention with cancer patients 

(Ireton-Jones et al, 1995). 

The mean intake of the all subjects group was within 87% and 70% of the reconmiended 

range of energy and the protein intake for chemotherapy patients, respectively. It is interesting that 

having a lower energy and protein intake than recommended did not seem to have clinical 

significance for most patients. However, possible effects of dietary intake were demonstrated by 

males, who lost weight over time and by breast cancer patients, whose intake of protein was 

significantly correlated with chemotherapy response. 

Change in FFM 

Another reason for the lack of utility of Nutrition Risk Score B may be related to its inclusion 

of FFM. Specifically, the tool relied on change in FF^, which may not have been accurately 

measured by BIA. Forbes et al (1992) combined data from seven studies to compare changes in 

FFM from accepted criterion methods and resistance from BIA. By mathematically predicting the 

resistance change anticipated with weight loss, they found that resistance did not change until 

loss accounted for 20% of the total weight lost. Smaller changes did not result in a corresponding 

reduction in resistance. But this finding may not be applicable to this study because it was based on 

an analysis of weight loss in obese patients on prescribed diet regimens. Kushner et al (1992) 

reviewed several studies examining the accuracy of BIA to measure body composition change in 
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obese subjects and concluded that group changes could be detected, but only large individual changes 

(8-10% of FFM) could be reliably measured. Evans et al (1999) observed that in obese women a 

change of greater than 3.8% body fat was necessary to detect a change in 95% of individuals by 

single frequency BIA. 

The a priori amounts of FFM change chosen for the scoring of Nutrition Risk Score B were 

based on a review of literature and clinical opinion, and the anticipated changes were overestimated. 

Therefore, the tool was not able to categorize subjects by level of change because the amount of 

change experienced by the subjects was quite small. Another factor related to the lack of utility of 

adding FF^ to the tool may be that, unlike body weight, pre-illness ETM was not available in this 

study, which would be the ideal comparison for detecting change. Additionally, reference ranges of 

F7M for health have been published but have not been incorporated into routine clinical practice 

(Pichard et al, 2000). The value of such ranges is uncertain, in part because FFM is not truly one 

component, but is actually the whole body except the mass of extractable fat (Roche, 1996). More 

specifically, FFM contains body cell mass, which includes cellular components and intracellular 

water, as well as extracellular mass, which includes bone mineral and extracellular water. 

Assumptions and Limitations of Single Frequency BIA 

The use of single frequency BIA in a clinical population, such as chemotherapy patients, is 

complicated by factors which may produce shifts in fluids or electrolytes. McMillan et al (2000) 

found that cancer patients losing 20% of their usual weight maintained TBW but had a loss of total 

body potassium. This could reflect muscle loss because muscle is rich in potassium or defects in 

muscle cell membrane energetics due to malnutrition, which could change the distribution of 

potassium (Jeejeebhoy, 1996). 
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An important assumption for using the single frequency BIA method is that the ratio of water 

to FFM is constant. In healthy subjects the hydration of FFM is relatively stable and can be 

calculated from TEW using the relationship (TBW/FFM = 0.73). Changes in components of ETM 

have been documented in selected cancer patients. In weight-losing cancer patients the loss of body 

cell mass is significant and the hydration of lean tissues may be higher than the 0.73 value assumed 

for normal subjects due to expansion of the extracellular water (Wamold, Lundholm and Schersten, 

1978; Cohn et al, 1981a; Shizgal, 1985). This could affect the accuracy of body composition 

estimates by single frequency BIA because it is reported to be more dependent on extracellular water 

than on TBW (Foster and Lukaski, 1996). 

The lack of a criterion method of body composition analysis precludes ascertaining the 

possibility that fluid and electrolyte changes impacted the accuracy of any of the methods used in this 

study. However, the purpose of body composition measures in this study were as part of a clinical 

nutritional assessment rather than as a validation study. Although BIA is not an established method 

to measure body composition in cancer patients, there are studies to support its validity. In a study 

of 33 gastrointestinal and lung cancer patients the validity of the BIA method and the accuracy of the 

RJL equation were tested. In this study it was found that, compared to deuterium dilution, the RJL 

equation underestimated TBW by an average of 3.51 kg (Fredrix et al, 1990). Using regression 

analysis they determined that adding the H'/R variable improved the prediction of TBW significantly. 

Differences between the current study and the study by Fredrix et al (1990) include that in their study 

only seven patients were female, only two types of cancer were included and none of the patients 

were receiving chemotherapy. Additionally, the study did not report body fat results or stratify by 

gender. Lastly, to compare the RJL BIA equation with the criterion method they employed a Pearson 

product-moment correlation and compared mean differences. It has been recommended that when 
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comparing a new method against a criterion method that agreement is best assessed by a plot of the 

difference between the methods against their mean (Bland and Altman, 1986). 

Theoretically change measurements would be accurate if the measurements were conducted 

the same way each time; however, this consistency was not always possible. In this study, potential 

reasons for the accuracy of BIA to be affected include both between and within subject variation. 

For example, there was a lack of standardized recline time of patients in the measurement protocol. 

Subsequent to starting this study published recommendations for standardizing measurement 

conditions were published (Kushner, Gudivaka and Schoeller, 1996). Although the very large errors 

attributed to extensive bed rest or hospitalizations were not applicable to this study, some patients ' 

were uncomfortable in a supine position and the measurements were obtained more rapidly than in 

other subjects. Additionally, the BIA measurements were usually, but not always, obtained prior to 

chemotherapy treatments. The data were coded to indicate if the BIA measures were obtained before 

or after receiving chemotherapy. This could alter the fluid distribution and affect the resistance 

measures of BIA. However, the changes induced by chemotherapy would be systemic and not 

localized to the extremities, which contribute 90% to the total body impedance (Kushner et al, 1996). 

Linear regression analysis did not demonstrate any significance difference of having the BIA 

measurements done before or after chemotherapy. However, it may have been useful to have used 

a BIA prediction equation that included reactance as recommended by Deurenberg, Westrate and 

Hautvast (1989) when abnormal fluid distribution is possible in the study sample. None of the BIA 

prediction equations used in this study included the reactance term. 

Clinical Relevance of FFM bv BIA 

Despite the recognized limitations described above, clinical relevance of the FFM measures 

by the BIA method was demonstrated in this study. In the all subjects group and males, baseline 
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weight difference from pre-illness weight and FFM values obtained from the RJL and Kusnher et al 

(1992) BIA equations were significantly inversely related to positive chemotherapy response. The 

inverse relationship with FFM and chemotherapy response at baseline is the opposite of what would 

be expected. Higher FFM is considered beneficial due to the body cell mass it contains (Heymsfield, 

Tighe and Wang, 1994). It is also possible that higher FFM was associated with a larger tumor 

burden, which would add water, protein or mineral that is metabolically unavailable (Heymsfield et 

at, 1994). However, this inverse relationship may be due to the several overweight males included 

in the study who did not respond well to chemotherapy. 

However, the inverse relationship was not seen when the change over time in FFM was 

analyzed. In the all subjects group the change in FFM by the RJL and the Kushner et al (1992) BIA 

equations at 3 months of chemotherapy correlated with positive response to chemotherapy despite 

significant differences between the FFM measures. The correlation between change in FFM 

m e a s u r e s  w i t h  t h e  L o h m a n  ( 1 9 9 2 )  e q u a t i o n  a n d  c h e m o t h e r a p y  r e s p o n s e  a p p r o a c h e d  s i g n i f i c a n c e  { P  

= 0.083). 

In males, an increase in FFM and TEW estimated by the Kushner et al (1992) equation was 

correlated with positive chemotherapy response. Males were the only subgroup in which the change 

in any dependent variable at 3 months of chemotherapy correlated with response to chemotherapy. 

It is possible that the study duration was not long enough for an adequate change in the variables 

studied to impact chemotherapy response. 

Prediction Equation Comparison 

It is also possible that the BIA equations selected overestimated ETM in this population. As 

stated previously, these equations were used to conform with those used in the only published study 

of BIA in chemotherapy patients (Simons et al, 1995). The use of BIA equations in older subjects 
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than the population used to develop the prediction equation would result in an overestimation of FFM 

due to changes in the density of FFM associated with bone mineral loss with age (Deurenberg et al, 

1990). The mean age (58.7 ± 14.9 years) of subjects in this study was on average considerably older 

than the subjects used to develop the Lohman (1992) equation, which were 18-30 years old. The 

Kushner et al (1992) equation included subjects from 2 months of age to 67 years. The RJL 

manufacturer equation included subjects aged 18 to 64 years old. Eighteen subjects in this study 

were older than 70 years. 

The FFM measures by the sidnfold method did not correlate with chemotherapy response 

in any group. The BIA method consistently estimated higher FFM than did the Dumin-Womersley 

4-site skinfold equation. One possible explanation for this could be the technique of the person 

making the skinfold measurements. Despite training by an expert and extensive practice it is possible 

that a systematic under-measurement could have occurred. Skinfold measurements were done in 

triplicate by the same investigator and reliability was achieved. 

Comparison of Methods to Measure Bodv Fat and FFM 

As predicted the body fat and F^FM results from skinfolds and population and manufacturer 

supplied BIA equations were significantly different. The BIA results for body fat were always lower 

than estimated by the skinfold method except for in females using the Lohman (1992) equation. This 

is surprising because the Dumin-Womersley 4-site skinfold equation has been found to give 

erroneously low body fat mass estimates in selected cancer patients and elderly people (Cohn et al, 

1981b; Deurenberg etal, 1990). The mean differences ofthe body fat estimates by the skinfolds and 

BIA were small in some of the comparisons, but varied significantly by gender and diagnosis of 

breast cancer. 
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For body fat measures, the Kushner et al equation was the only BIA equation that did not 

have significant slope in the Bland-Altman plots indicating that the results were dependent on body 

fat levels compared to the Dumin-Womersley 4-site skinfold equation. For males, the Kushner et 

al equation was less interchangeable with the skinfold method due to a fairly high standard error of 

the estimate (SEE = 4.81). 

The BIA population equations were not interchangeable with each other or with the RJL 

equation for body fat estimation due to significance in the regression for slope indicating the 

agreement in measurement is dependent on body fat levels. The finding that significantly different 

body fat estimations were obtained from different BIA prediction equations is similar to other studies 

comparing prediction equation results. A meta-analysis of 54 body composition studies in healthy 

Caucasian adults by Folgelholm and van Marken Lichtenbelt (1997) revealed large dissimilarities 

between the body fat estimates from the RJL manufacturer equations and three other common 

prediction equations. Compared to densitometry the RJL equation was found to slightly overestimate 

body fat in normal weight individuals and underestimate body fat in obese individuals (Folgelholm 

and van Marken Lichtenbelt, 1997). The RJL equation was also found to overestimate body fat by 

7% compared to densitometry in women with body fat levels of 30 ± 8 %, aged 38 ± 7 years (Swan 

and McConnell, 1999). In this study the Lohman equation gives higher body fat estimates than the 

other BIA equations, but underestimates body fat at the higher levels of fat when compared to the 

RJL or Kushner et al equations. 

For FFM, the estimates from the population-based equations (Kushner et al, 1992; Lohman, 

1992) were in close agreement for the all subjects group, males and females without breast cancer. 

The regression for slope was significant for the female group, but this is mainly due to the females 

with breast cancer as evidenced by the lack of slope when these patients were stratified in the 
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analysis. Reasons for the difference in the population-based BIA equations performance in breast 

cancer patients are not known. It is possible that the hormonal nature of the disease causes alterations 

in fluid distribution that can alter BIA results. The population equations were not interchangeable 

with the RJL equation for the estimation of FFM due to significant regressions for slope in all groups 

tested. 

Differences in FFM predictions by these BIA prediction equations are similar to the results 

reported by Simons et al (1995) comparing the same prediction equations in cancer patients. In their 

study using deuterium dilution as the criterion measure, the Lohman and RJL equations both 

overestimated TBW by 2.9 and 3.7 % , respectively, in normal weight cancer patients, whereas the 

Kushner et al equation underestimated TBW by 2.4%. The same trend is seen in the current study 

where the FFM estimates from the RJL equation are higher than the Kushner et al equation and 

lower than the Lohman equation. A difference is that in the current study FFM estimates from the 

Kushner et al and Lohman equations were in closer agreement than in the study by Simons et al 

(1995). This difference may be due in part to the significant gender and diagnosis differences 

between studies. The current study had 44 females; whereas the Simons et al (1995) study had only 

10. Furthermore, none of the patients in the Simons et al (1995) study had breast cancer compared 

to 22 of the females in the current study. These factors are likely significant because the BIA 

estimates in the current study were shown to vary both by gender and by diagnosis of breast cancer. 

Comparisons of the BIA equations with the skinfold method revealed that for the RJL 

equation the regression for slopes was not significant for females or females with breast cancer. The 

data relationship was not linear for the significant slopes in males, all subjects and females without 

breast cancer. The comparisons of the Kushner et al and the Lohman equations with the Dumin-

Womersley skinfold equation were strikingly similar and both revealed that the regressions for slope 
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were significant in all groups except the females without breast cancer. All data relationships for 

both equations in the other groups were not linear. 

Breast Cancer 

There are some similarities, as well as some important differences, in the breast cancer 

patients in this study and those reported in the literature. The breast cancer patients in this study did 

not gain weight, but did have a mean decrease in activity energy expenditure over time, which has 

been postulated to be a factor in the characteristic weight gain that has been extensively documented 

(Demark-Wahnefried, Winer and Rimer, 1993). While studies have demonstrated weight gain by 

50-96% of patients, few have measured body composition change over time (Demark-Wahnefried 

et al, 1997b). One study of 25 outpatient chemotherapy patients with breast cancer used serial 

measures of in vivo neutron capture analysis to determine total body nitrogen and TBW (Aslani et 

al, 1999). The patients experienced a 1.49 kg weight gain over approximately 5 months of 

chemotherapy. Body composition analysis revealed that the increase in weight was due to increases 

in TBW and body fat. The weight gain experienced by patients in the Aslani study is less than other 

studies have documented. One study of665 patients showed that one in four premenopausal patients 

gained greater than 22 pounds and the mean weight gains for all patients ranged from 4 to 13 pounds 

(Camoriano et al, 1990). Another study of 131 breast cancer patients documented the range of 

weight gain over three months to be from 0 to 49 pounds and the median gain was 11.5 pounds 

(Komblith et al, 1993). Breast cancer patients in the Komblith study received cyclophosphomide, 

methotrexate and fluorouracil (CMF) chemotherapy, which is associated with greater weight gains 

with increased duration of therapy (Demark-Wahnefried et al, 1993). Breast cancer patients in the 

present study had relatively short treatment cycles with the majority receiving 4 months or less of 
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CMF chemotherapy, whereas the length of treatment was 12 months for the patients documented as 

gaining the most weight on this therapy (Bonadonna et al, 1985). 

In the present study breast cancer patients also had a statistically significant increase of 0.48 

kg per month demonstrated in FFM measured by the Lohman BIA equation. The amount is slight 

and might be dismissed as clinically insignificant. However, in light of the results of Aslani et al 

(1999), who found patients gained body fat and water over chemotherapy treatment, this finding may 

be indicative of an increase in TEW. 

These patients also had a statistically significant decrease in the sum of 4 skinfolds (tricep, 

bicep, subscapular and suprailiac), but no change in percentage body fat. Similar findings were 

reported by (Demark-Wahnefried et al, 1997b) in a prospective study of 20 breast cancer patients 

which used dual energy x-ray absorptiometry (DXA) to monitor body composition change associated 

with chemotherapy. Their subjects did not have a significant weight change over chemotherapy and 

lost a mean of 56 g of fat without a corresponding change in body fat percentage or FFM. 

One reason for the lack of weight gain demonstrated by breast cancer patients in many 

studies is the relatively short duration of chemotherapy treatments (approximately 4 months), which 

has become a common clinical practice. The study by Demark-Wahnefried et al (1997b) does not 

mention that any nutritional intervention was offered, but they hypothesize that the dietary intake of 

their subjects declined as a result of being monitored by the use of food records. This is also a 

potential factor in the current study, especially in light of the fairly high return rate of diet records 

from this group of patients. Although a decline was not observed in their intake, it is possible that 

an increase of their intake was prevented through nutritional counseling. Nutritional counseling was 

provided to these patients focusing on balanced nutrition, reduction of fat intake and avoidance of 

weight gain. This intervention could have helped prevent the characteristic weight gains documented 
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in the literature. This theory is supported by a large dietary intervention trial (n = 290) in which 

similar dietary recommendations were provided to breast cancer patients, resulting in a 3.3 kg weight 

difference in the intervention group compared to controls (Chlebowski et al, 1993). In breast cancer 

patients, higher protein intake was associated with a positive response to chemotherapy. This may 

be due to poor intake in breast cancer patients who were not responding well to treatments. The 

significance of dietary factors correlating with response exclusively in the breast cancer patients may 

be due in part to the higher return of diet records in this group. Out of 264 assigned diet recording 

days, the breast cancer patients returned 220 diet records (a 83% rate of return). 

Conclusions 

The primary aims of this study were to assess the impact of outpatient chemotherapy on 

degree of common side effects and on nutritional and functional status measures and to examine the 

relationship of these factors with response to chemotherapy. A secondary aim of this study was to 

test the utility of two versions of a nutrition risk scoring tool. The first version included weight 

change and subjective appetite and intake data and the second version incorporated FFM change and 

energy and protein intake data obtained from dietary records. Another secondary aim was to 

compare body composition measurements from skinfolds and single frequency BIA in outpatient 

chemotherapy patients. 

Longitudinal data, which included weight, body composition, dietary intake, symptom 

distress scale scores and functional status measures were collected for a minimum of 3 months in 70 

outpatient chemotherapy patients with gastrointestinal, breast, lung, lymphoma and miscellaneous 

cancer types. The research aims were addressed in testing of the following hypotheses: 
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1. From baseline to 3 months of chemotherapy, activity energy expenditure, and energy and protein 

intakes will decline as nutritional risk scores. Symptom Distress scores and ADL scores increase. 

Analysis: Mixed effects model linear regression analysis. 

2. Changes in nutrition risk score and FFM will be more predictive of chemotherapy response scores 

than total body weight change. Analysis: Spearman Correlation analysis. 

3. Manufacturer-supplied BIA equations and anthropometry will yield significantly different 

estimates of body fat and FFM compared to estimates from the Kushner et al equation (1992) and 

the Valhalla Interuniversity equation by Lohman (1992; Graves et al, 1989). Analysis: Spearman 

correlation analysis and Bland-Altman analysis. 

The results from this study support some, but not all of the hypotheses. In the case of 

hypothesis 1, the hypothesis was not completely supported. Two of the variables, activity energy 

expenditure and version A of the Nutrition Risk Score changed as hypothesized. The remaining 

variables did not change significantly over time: version B of the Nutrition Risk Score, Symptom 

Distress Scale scores, ADL scores, and energy and protein intakes. 

Hypothesis 2 was not supported as staled, but several variables including nutrition risk score 

(version A), FFM and weight change, were all significantly correlated with chemotherapy response 

at the baseline visit. The hypothesis specified that the changes in the nutrition risk scores and FFM 

over 3 months of chemotherapy would be more predictive of chemotherapy response than weight 

change. In fact, as hypothesized, the change in FFM was significantly correlated with chemotherapy 

response and weight change was not. However, the change in Nutrition Risk Score A was correlated 

with chemotherapy response in male subjects only. 

Hypothesis 3 was supported in that fat and FFM measurements by the Dumin-Womersley 

4-site skinfold equation and the manufacturer-supplied and population-based BIA equations were 
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significantly different from each other. The body composition results from skinfolds and the BIA 

prediction equations were correlated with each other, but did not have significant agreement in all 

comparisons. Fat-free mass estimates from the population-based BIA equations were in good 

agreement with each other, but not with the RJL equation for all subjects as a group, males, or 

females without breast cancer. 

Implications for Future Research 

The practice of cancer chemotherapy has changed considerably in the past ten years due in 

large part to the shift of the majority of cancer chemotherapy delivery from the hospital setting to 

outpatient centers. A disadvantage of many outpatient centers is having less access to supportive 

health care professionals such as registered dietitians. Therefore, cancer patients receiving treatment 

from outpatient centers may be at increased nutritional risk. Studies of loss of appetite, weight 

change and the functional impairments that result are paramount because of their relationships with 

prognosis and quality of life. Fat-free mass estimates obtained from the single frequency BIA 

method provided clinically relevant information, but further research is necessary to establish the 

optimal use and validation of prediction equations for BIA in chemotherapy patients. Attention to 

gender and diagnosis should be incorporated into future related research in this population. The 

significance of the different performance of the population-based BIA equations for estimating 

of patients with breast cancer deserves further study. 
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APPENDIX A 

SUBJECTS' CONSENT FORM 
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FACTORS PREDICTIVE OF NUTRITIONAL STATUS CHANGE IN PATIENTS 
RECEIVING OUTPATIENT CHEMOTHERAPY 

Date I  I  ID 

INFORMED CONSENT 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT I AM 
INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I WILL 
PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING THIS FORM WILL INDICATE 
THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL LAW 
REQUIRES WRITTEN INFORMED CONSENT PRIOR TO PARTICIPATION IN THIS 
RESEARCH STUDY SO THAT I CAN KNOW THE NATURE AND THE RISKS OF MY 
PARTICIPATION AND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE 
AND INFORMED MANNER. 

PURPOSE 

I am being invited to participate in the above titled research project. The purpose of this project is 
to monitor the changes in activity level, nutritional well-being and how much fat, muscle and water 
is in the body during four months of chemotherapy treatments. A machine will be used to measure 
the above components of the body. Another purpose of the study is to see if the changes in these 
measurements correspond with the other aspects of well-being, such as response to chemotherapy. 

SELECTION CRITERIA 

I am being invited to participate because; 

1) I am older than 21 years of age 

2) I am currently receiving chemotherapy and it is planned that I will receive chemotherapy for at 
least four months. 

3) I have not had more than three months of chemotherapy. 

4) I am within the body weight range required for the study. 

Approximately sixty (60) subjects will be enrolled in the study. 

PROCEDURES 

If I agree to participate, I will be asked to do the following: 

1) Complete food records as directed two periods of four days each per month. 
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2) Refrain from drinking any beverages with alcohol or caffeine twenty four hours prior to having 
measurements taken. 

3) Complete accurate records of my dietary intake per schedule provided. 

4) Fill out activity and symptom distress scale questionnaires monthly. 

5) Participate in discussions about my nutritional status and health with the dietitian monthly. 

BODY COMPOSITION 

My weight will be measured with a scale and my height will be checked using a measuring device 
attached to a wall. Skinfold measurements at various sites of my body will be made by gently pulling 
skin and the underlying tissue away from the body and measuring the thickness with a special 
instrument. My frame size will be determined by measuring the width of my elbow. 

The amount of fat, lean tissue and water will be estimated from measurements by a special machine 
called a bioimpedance analyzer. These measurements will require that I lie on my back and have four 
tiny wires gently taped to my hand and foot. The machine sends a non-dangerous electric signal, 
which is equivalent to the voltage in a standard D cell battery, through my body which is conducted 
or (passes through) my body's lean portions, but is opposed by my body fat. The opposition or 
resistance of my body to the movement of this electric current will be measured by the analyzer. 

SYMPTOM DISTRESS 

The degree of discomfort I perceive will be measured by filling out a symptom distress scale. The 
scale will focus on ten symptoms: nausea, mood, appetite, insomnia, pain, mobility, fatigue, bowel 
pattern, concentration, and appearance. I will be asked to rate the degree of the symptoms I am 
experiencing on a scale from one to five. Number one would indicate no problems in regard to the 
particular symptom and number five would indicate a maximum amount of problem with the 
symptom. Directions for completing the scale will be given to me prior to its administration. 

ACTIVITY LEVEL 

The level of my physical activity will be assessed by answering questions regarding the type, 
duration and level of intensity of my current activities. 

NUTRITIONAL STATUS 

I will receive regular nutritional assessments from a registered dietitian which will include evaluation 
of my body composition and weight changes, a review of the regular laboratory values ordered by 
my physician, discussions of any problems with eating or tolerating foods, and a review of my 
medical chart to identify medical conditions which may be improved by following appropriate diet 
recommendations. 
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RISK 

I understand that the bio-impedance analyzer delivers 800 microamps and is powered by a lead 
battery. It is not connected to a wall outlet during operation. I understand that the amount of 
electricity delivered by this device poses no danger or potential danger to me. 

BENEHTS 

1) An accurate estimate of my body composition, analysis of my dietary intake, and assessment of 
my level of symptom distress and activity. 

2) The opportunity to ask questions and discuss my diet and nutritional health. 

3) Nutritional advice or counseling without charge to me. 

CONFIDENTIALITY 

All information concerning any results of the various tests done in this study will be kept 
confidential. Should results of this study be reported or published, patient confidentiality will be 
maintained and no individual subjects' names will be used. In accordance with the requirements of 
the Food and Drug Administration (FDA), occasionally medical records of selected subjects may be 
reviewed by medical monitors of sponsoring agencies whose duty is to oversee this research to verify 
its accuracy. 

PARTICIPATION COSTS 

I will not be charged for any of the monthly visits or materials related to the study. 

LIABILITY 

I understand that side effects or harm are possible in any research program despite the use of high 
standards of care and could occur through no fault of mine or the investigator involved. Side effects 
are not associated with the methods described to me however; unforeseeable harm may occur and 
require care. I understand that money for research-related side effects or harm, or for wages or time 
lost, is not available. I do not give up any of my legal rights by signing this form. Necessary 
emergency medical care will be provided without cost. I can obtain further information from Wanda 
Howell, PhD at 621-1619 or Amy Andersen, RD at 529-3181. If I have questions concerning my 
rights as a research subject, I may call the Human Subjects Committee office at 626-6721. 

AUTHORIZATION 

"BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME AND MY 
QUESTION HAVE BEEN ANSWERED. I UNDERSTAND THAT I MAY ASK QUESTIONS AT 
ANY TIME AND THAT I AM FREE TO WITHDRAW FROM THE PROJECT AT ANY TIME 
WITHOUT CAUSING BAD FEELINGS. MY PARTICIPATION IN THIS PROJECT MAY BE 
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ENDED BY THE INVESTIGATORS OR BY THE SPONSORS FOR REASONS THAT WOULD 
BE EXPLAINED. NEW INFORMATION, DEVELOPED DURING THE COURSE OF THIS 
STUDY. WHICH MAY AFFECT MY WILLINGNESS TO CONTINUE IN THIS RESEARCH 
PROJECT, WILL BE GIVEN TO ME AS IT COMES AVAILABLE. I UNDERSTAND THAT 
THIS CONSENT FORM WILL BE FILED IN AN AREA DESIGNATED BY THE HUMAN 
SUBJECTS COMMITTEE WITH ACCESS RESTRICTED TO THE PRINCIPAL 
INVESTIGATOR, WANDA H. HOWELL, PH.D. AND AMY ANDERSEN, R.D., A DOCTORAL 
CANDIDATE OR AN AUTHORIZED REPRESENTATIVE OF THE NUTRITION AND FOOD 
SCIENCES DEPARTMENT. I UNDERSTAND THAT I DO NOT GIVE UP MY LEGAL RIGHTS 
BY SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL BE GIVEN 
TO ME." 

SUBJECT SIGNATURE DATE 

INVESTIGATORS AFHDAVIT 

I HAVE CAREFULLY EXPLAINED TO THE SUBJECT THE NATURE OF THE ABOVE 
PROJECT. I HEREBY CERTIFY THAT TO THE BEST OF MY KNOWLEDGE THE PERSON 
WHO IS SIGNING THE CONSENT FORM UNDERSTANDS CLEARLY THE NATURE, 
DEMANDS, BENERTS, AND RISKS INVOLVED IN THEIR PARTICIPATION AND THEIR 
SIGNATURE IS LEGALLY VALID. A MEDICAL PROBLEM OR LANGUAGE OR 
EDUCATIONAL BARRIER HAS NOT PRECLUDED THIS UNDERSTANDING. 

INVESTIGATOR'S SIGNATURE DATE 
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APPENDIX B 

WORKSHEET PROCEDURE CHECKLIST 
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Nutritional Status Change in Outpatient Chemotherapy Patients 

Worksheet Procedure Checklist 

Date: I.D.: 

1. Subject qualification (inclusion/exclusion criteria) 
2. Brief explanation of study 
3. Schedule first meeting Day/Date: 

Meeting #1: Baseline 
1. Complete explanation of study 
2. Informed consent signed 
3. Assign ID number 
4. Medical & diet history (per chart and interview respectively) 
5. Anthropometric measurements: height, weight, skinfold measures and elbow breadth. 
6. Bioelectrical impedance analysis 
7. Diet education/counseling 
8. Training for dietary intake record keeping 
9. Provide calendar with 4 random days per month selected for intake recording 
10. Functional status and Symptom distress questionnaires. 
11. Review schedule of time conunitments and activities. 

Visit 1: Next chemotherapy treatment 
1. Weight and anthropometrics 
2. Bioelectrical impedance analysis 
3. Diet recording review and follow up on any nutritional concerns 
4. Functional status and Symptom Distress Questionnaires 

Visit 2: Next chemotherapy treatment 
1. Weight and anthropometrics 
2. Bioelectrical impedance analysis 
3. Turn in and review dietary intake records 
4. Functional status and Symptom Distress Scale questionnaires 
5. Discuss nutritional progress/concerns 
6. Review chart for labs/medical progress 

Visit 3: Next chemotherapy treatment 
1. Weight and anthropometrics 
2. Bioelectrical impedance analysis 
3. Turn in and review dietary intake records 
4. Functional status and Symptom Distress Scale questionnaires 
5. Discuss nutritional progress/concerns 
6. Review chart for labs/medical progress 
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APPENDIX C 

SYMPTOM-SPECIFIC NUTRITIONAL PLANS 



SYMPTOM 

anorexia 

taste/smell 
alterations 

mouth dryness 

dysphagia, 

odynophagia 

ETIOLOGIES 

chemotherapy, metabolic, 
psychologic 

radiation, chemotherapy, 
metabolic, medications 

radiation, chemotherapy, 
medications 

radiation, chemotherapy, 

obstruction 

early satiety surgery, anorexia, tumor 
involvement 

NUTRITION PLAN 

. offer small, frequent high caloric density feedings 

. enhance or minimize food odors 

. create a relaxed, pleasant eating atmosphere 

. suggest small amounts of alcohol before meals 

. avoid offensive foods 

. experiment with seasonings and food combinations 

. enhance or minimize food odors 

. serve foods at room temperature 

. modify foods to a moist or pureed consistency 

. use artificial salivas 

. add sauces, gravies, and juices 

. serve liquids with meals 

. experiment with food temperature 

. modify foods to a soft consistency 

. avoid highly seasoned, spiced or acidic foods 

. adjust food temperature to tolerance 

. offer small, frequent, high caloric density meals 

. limit liquids with meals 

. minimize intake of low caloric density foods and liquids 

. exercise between meals 



SYMPTOM ETIOLOGIES 

nausea, vomiting multifactorial 

stomatitis, mucositis radiation, chemotherapy 

diarrhea surgery, chemotherapy, 
radiation, tumor involvement 
medications, bacterial 
malabsorption 

constipation chemotherapy, medications 
low residue diet, inadequate 
intake 

NUTRITION PLAN 

. eat dry bland foods before meals (e.g. cracker, toast) 

. avoid offensive foods 

. minimize food odors 

. eat bland, easy to digest meals prior to treatment 

. eat and drink slowly 

. identify best-tolerated foods; poorly tolerated foods include 

. fatty, spicy, overiy sweet, or strongly flavored foods 

. avoid acidic, salty or spicy foods 

. experiment with food temperature 

. use low residue diet in acute phase 

. increase fluid consumption 

. increase potassium intake 

. avoid gas-producing foods and beverages 

. adjust lactose intake to level of tolerance; eliminate 
if necessary or try lactase supplements. 

. increase residue as tolerated 

. increase fluid consumption 

. increase activity 
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APPENDIX D 

NUTRITIONAL ASSESSMENT GUIDELINES 
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Nutritional Assessment Guidelines 

Weight status 

Will be assessed by comparison to the 1983 Metropolitan Life Insurance Tables 

Energy requirements 

Will be calculated by Harris-Benedict equation with appropriate activity and/or stress factor. For 

weight maintenance 1.15-1.3 will be used and up to 1.5 for those needing to gain weight. Weight 

loss is generally not recommended during chemotherapy. 

Protein requirements 

Estimated based on clinical assessment will generally be 1.5 - 2.5 times higher than for healthy 

adults, or 1.2 - 2.0 g/kg of actual or adjusted body weight. 

Protein requirements for patients exceeding 120% of ideal weight 

Will be determined using an adjustment factor (actual weight - ideal weight) x 0.25 (+ ideal weight). 

This adjusted weight will be used to calculate protein requirements as described above. 
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APPENDIX E 

NUTRITION RISK SCORING 
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Nutrition Risk Scoring A 

1. Weight change 

1 = No weight change 

2 = Weight loss or undesirable gain up to 5% of usual weight 

3 = Weight loss or undesirable gain up to 5 - 10% of usual weight 

4 = Weight loss or undesirable gain up to 10 - 20% of usual weight 

5 = Weight loss or undesirable gain up to over 20% of usual weight 

2. Weight status 

1 = Normal weight (within ideal weight range) 

3 = Overweight (greater than or equal to 120% of ideal weight) 

4 = Underweight (less than or equal to 85% of ideal weight) 

3. Appetite/food intake 

1 = No appetite or significant decrease in calorie or protein intake 

3 = Loss of appetite or decrease in calorie or protein intake 

(Appetite decrease defined: using Symptom Distress Score of 1 - 5) 

1 = normal or good 

2 = mild decrease 

3 = moderate decrease 

4 = severe decrease 

5 = anorexia 



Nutrition Risk Scoring B 

1. FFM change 

0 = FFM gain 

1 = No FFM change 

2 = FFM loss up to 2.5 - 4.9% of baseline* 

3 = FFM loss up to 5 - 10% of baseline 

4 = FFM up to 10 - 20% of baseline 

5 = FFM loss over 20% of baseline 

*The first visit value is always scored as 1 and is used as baseline 

2. Weight status 

1 = Normal weight (within ideal weight range) 

3 = Overweight (greater than or equal to 120% of ideal weight) 

4 = Underweight (less than or equal to 85% of ideal weight) 

3. Appetite/energy intake 

1 = No appetite* decrease or energy intake at least 75% of estimated requirements 

3 = Loss of appetite* or energy intake less than 75% of estimated requirements 

5 = Poor appetite* with energy intake less than 50% of estimated requirements 

*appetite rating used only if dietary intake data missing 

4. Protein intake 

I = intake at least 75% of estimated requirements 

3 = less than 75% of estimated requirements 

5 = less than 50% of estimated requirements 
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APPENDIX F 

DIET RECORD FORM 
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Name ID# 

DIET RECORD 

Date/Time Food/Beverage Amount Preparation Supplement 
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INSTRUCTIONS 

1. DATE/TIME: At the start of each recording day, list the date in the "DATE/TIME" 
column. Then fill in the time of day that you consume each food, beverage 
or supplement. Refer to the example provided. 

2. FOOD/BEVERAGE: In the "FOOD/BEVERAGE" column, list each food or beverage you 
consume. Be as specific as possible, following the information included 
with this packet and the example provided. 

Record the amount of each food, beverage, or supplement you consume in 
the "AMOUNT' column. Remember to use the measurement techniques 
you learned in your training session. Refer to the information include with 
this packet and the example for assistance. 

In the "PREPARATION" column, describe in as much detail as possible, 
how each food or beverage you consumed was prepared. Refer to the 
information included with this packet and the example for assistance. 

3. AMOUNT: 

4. PREPARATION: 

5. SUPPLEMENT Record all vitamin, mineral or other nutritional supplements you consume 
in the "SUPPLEMENT' column. Remember to include the name, amount, 
and/or number of tablets you consume. Refer to the example provided. 



APPENDIX G 

FUNCTIONAL STATUS ASSESSMENT 



148 

Functional Status Assessment 

1. Can you get to places out of walking distance? 
Without help (Can travel alone on buses, taxis, or can drive) 
With some help (Need someone else to help or go with you) 
Not at all (Unable to travel unless in a special vehicle or ambulance) 
Not answered 

2. Can you go shopping for groceries or clothes (Assuming transportation)? 
Without help (Can take care of all shopping needs) 
With some help (Need someone to go with you) 
Not at all (Unable to do any shopping) 
Not answered 

3. Can you prepare your own meals? 
Without help (Can plan and cook full meals yourself) 
With some help (Can prepare some things, not a full meal) 
Not at all (Unable to prepare any meals) 
Not answered 

4. Can you do housework? Without help (Can scrub floors, vacuum, clean a bath tub, etc.) 
With some help (Can do light work but need help with heavy housework) 
Not at all (Unable to do any housework) 
Not answered 

5. Can you handle your own money? 
without help (write checks, pay bills, etc.) 
with some help ( manage ordinary buying, but need help with checkbook) 
not at all (unable to handle money) 
not answered 

6. In the past 3 weeks, have you done any of the following exercises, sports or hobbies: 

Event 
Walking for exercise 
Hiking or running 
Gardening or yardwork 
Golf or bowling 
Bicycle riding 
Aerobic dancing 
Other dancing 
Swimming or water exercises 
Tennis 
Calisthenics 

Times per week Mmutes per time 
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Other activities or sports 
(Please list) 

Adapted from Fillenbaum. J Am GeriatrSoc 1985; 33: 689-706 and Jaglal S, Kreiger N, 
DaxWngxon Q. Am J Epidemiol 1993; 138: 107-118. 
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APPENDIX H 

SYMPTOM DISTRESS SCALE 



ID NUMBER 
DATE 

SYMPTOM DISTRESS SCALE 

SYMPTOMS DEGREES OF DISTRESS 

NAUSEA I feel as sick as I could possibly be 5 4 3 2 1 I do not feel sick at all 

MOOD Could not feel more miserable 5 4 3 2 I Could not feel happier 

APPETITE Can't face food at all 5 4 3 2 1 Normal apf>etite 

INSOMNIA Couldn't have been worse 5 4 3 2 1 A perfect night 

PAIN Worst pain I have ever had 5 4 3 2 1 No pain 

MOBILITY Not able to get around 5 4 3 2 1 Able to do anything 

FATIGUE Could not feel more tired 5 4 3 2 1 I am not tired at all 

BOWEL PATTERN The worst I've had 5 4 3 2 1 Normal bowel pattern 

CONCENTRATION Cannot concentrate at all 5 4 3 2 1 Normal concentration 

APPEARANCE The worst I've had 5 4 3 2 1 Appearance has not changed 
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APPENDIX G 

CHEMOTHERAPY EMETIC SCORE 
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Chemotherapy Emetic Score 

Level I < 10% incidence of emesis 

Level 2 10 - 30% incidence of emesis 

Level 3 30 - 60% incidence of emesis 

Level 4 60 - 90% incidence of emesis 

Level 5 > 90% incidence of emesis 

Algorithm for defining emetogenicity of combination chemotherapy: 

1. Identify the most emetic agent in the combination 

2. Assess the relative contribution of other agents to the emetogenicity of the combination. 

When considering other agents the following rules apply: 

a. Level one agents do not contribute to the emetogenicity of a given regimen. 

b. Adding one or more level 2 agents increases the emetogenicity of the combination by 1 

level greater than the most emetic agent in the combination. 

c. Adding level 3 or 4 agents increases the emetogenicity of the combination by 1 per agent. 
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APPENDIX J 

DATA SUMMARY TABLES 



Table J-1. Results for all subjects (mean ± SD (n)) 

Deoendent variables Baseline Visit 1 Vi.sit 2 Visit 3 Visit 4 

Body weight (kg) 70.8 ± 13.9 (70) 70.5 ± 14.2 (64) 71.4 ± 14.1 (63) 70.7 ± 14.3 (53) 70.3 ± 11.5 (36) 

Usual weight (kg) 73.3 ± 14.2 (70) 73.3 ± 14.2 (64) 73.7 ± 14.4 (64) 72.0 ± 12.5(62) 65.5 ± 23.8 (46) 

Weight change (kg) 2.5 ± 5.0 (70) 2.8 ± 6.2 (64) 2.6 ±6.6 (63) 2.1 ±6.8(53) 2.8 ± 3.9 (36) 

Fat-free mass (kg) 
Skinfold 
Kushner et al 
Lohman 
RJL 

49.3 + 9.6 (70) 
52.0 ± 10.6 (69) 
54.6 ± 10.5 (69) 
53.2 ± 10.0 (69) 

48.9 ± 9.5 (62) 
54.2 ± 10.1 (61) 
54.7 ± 10.2 (61) 
53.4 ±9.7 (61) 

50.0 ±9.6 (57) 
53.7 ± 11.0(57) 
56.0 ± 10.8 (57) 
54.6 ± 10.3 (57) 

49.5 ±9.1 (47) 
53.7 ± 11.6(46) 
55.7 ± 11.1 (46) 
54.5 ± 10.7 (46) 

48,8 ±7.1 (27) 
53,5 ± 7.6 (27) 
55,5 ±7.1 (27) 
53.8 ± 7.3 (27) 

Body fat (%) 
Skinfold 
Kushner et al 
Lohman 
RJL 

21.6 ±8.3 (70) 
18.9 ±9.4 (69) 
22.5 ±8.1 (69) 
21.7 ±4.3 (69) 

21.3 ±8.5 (62) 
17.9 ±9.6 (61) 
21.5 ±8.1 (61) 
20.7 ±4.9 (61) 

21.5 ±8.5 (57) 
17.9 ± 10.1 (57) 
21.2 ±8.6 (57) 
20.7 ± 5.2 (57) 

21.5 ±8.2 (47) 
16.9 ± 9.9 (46) 
20.7 ± 8.7 (46) 
19.7 ± 5.7 (46) 

23.1 ±7.9 (27) 
17.4 ±7.9 (27) 
22.5 ± 7.0 (27) 
20.5 ± 3.9 (28) 

Total body water (L) 
Kushner et al 
Lohman 
RJL 

38.0 ± 7.7 (69) 
38.5 ± 9.7 (70) 
38.8 ± 7.3 (69) 

38.2 ±7.4 (61) 
38.1 ±11.2 (64) 
39.0 ±7.1 (61) 

39.2 ± 8.0 (57) 
36.4 ± 14.8 (64) 
39.9 ± 7.5 (57) 

39.2 ± 8.5 (46) 
30.2 ± 19.2 (62) 
39.8 ±7.8 (46) 

39.1 ±5.5 (27) 
21.0 ±20.9 (52) 
39.3 ± 5.3 (27) 

Symptom Distress Score 19.6 ± 5.8 (68) 19.7 ±6.2 (63) 19.7 ±6.4 (58) 20.0 ± 5.7 (46) 21.1 ±5.1 (25) 

ADL Score 6.3 ± 1.7 (68) 6.5 ± 2.0 (62) 6.3 ± 1.8 (59) 6.0 ± 1.5(42) 6.7 ± 2.4 (23) 

Physical activity (kcal) 1132 ±255 (70) 132 ± 248 (63) 121 ±202(64) 94 ± 160(57) 64 ± 144(36) 

Energy intake (kcal) 1697 ±51! (34) 1738 ±577 (48) 1748 ±622 (41) 1670 ±514 (32) 1595 ± 364 (10) 

Protein intake (g) 67.7 ±22.3 (34) 71.3 ±23.9 (49) 69.6 ±23.4 (42) 66.8 ±21.7 (33) 61.6 ±16.4(11) 

Nutrition risk score A 4.8 ± 1.8 (70) 5.0 ± 2.2 (63) 5.1 ±2.0(61) 5.0 ±2.0 (49) 5.4 ± 3.3 (27) 

Nutrition risk score B 5.1 ±2.0(70) 5.5 ±2.1 (63) 5.5 ±2.7 (61) 5.6 ± 2.3 (49) 5.2 ± 2.0 (27) 

Body mass index (kg/m^) 24.9 ±4.1 (70) 24.8+4.1 (64) 24.9 ±4.1 (63) 25.0 ± 4.2 (53) 25.0 ±4.1 (35) 

Skinfold sum (mm) 56.7 ± 25.6 (70) 54.3 ± 26.3 (64) 49.6 ± 29.1 (64) 42.0 ± 30.7 (62) 33.6 ± 35.5 (48) 

Resting metabolic rate (kcal) 1704 ±336 (69) 1691 ±340(64) 1713 ±337 (63) 1680 ±336 (57) 1688 ± 340 (55) 



Table J-2. Results for male subjects (mean ± SD («)) 

Deoendent variables Baseline Visit 1 Visit 2 Visit 3 Visit 4 

Body weight (kg) 77.1 ± 16.0(26) 76.1 ± 16.5 (23) 77.8 ± 15.5 (24) 76.2 ± 17.4(19) 72.2 ± 12.3 (9) 

Usual weight (kg) 80.7 ± 14.4 (26) 80.4 ± 14.9 (23) 82.0 ± 14.3 (24) 80.4 ± 13.2 (20) 63.0 ±32.5 (12) 

Weight change (kg) 3.7 ±6.3 (26) 4.3 ±7.7 (23) 4.2 ±8.4 (24) 4.1 ±9.2(19) 5.2 ± 8.5 (9) 

Fat-free mass (kg) 
Skinfold 58.5 ± 8.4 (26) 57.9 ± 8.2 (23) 58.6 ±7.1 (24) 57.2 ±8.5(19) 56.5 ± 6.8 (8) 
Kushner ct al 61.0 ± 10.9 (25) 60.8 ± 9.7 (23) 62.0 ± 10.1 (24) 62.9 ±11.1 (19) 62.1 ±8.7 (8) 
Lohman 64.0 ± 10.7 (25) 63.5 ± 9.9 (23) 64.6 ±9.8 (24) 64.7 ± 10.8(19) 63.7 ±8.1 (8) 
RJL 63.1 ±9.2 (25) 62.8 ± 8.4 (23) 63.8 ± 8.5 (24) 64.2 ±9.3(19) 63.3 ± 7.2 (8) 

Body fat (%) 
Skinfold 18.6 + 9.1 (26) 18.3 ±9.5 (23) 19.2 + 9.6 (24) 19.0 + 10.0(19) 17.7 ± 7.7 (8) 
Kushner et al 16.5 ±9.1 (25) 15.3 + 10.9 (23) 15.7 ± 10.7 (24) 13.3 ± 12.4(19) 12.1 ±6.7 (8) 
Lohman 16.8 ±6.0 (25) 15.6 + 7.2 (23) 16.0 ±7.6 (24) 13.8 ±8.3(19) 13.7 ±5.6 (8) 
RJL 18.3 ±5.3 (26) 17.3 ±6.4 (23) 17.7 ±6.4 (24) 15.9 ±6.7(19) 15.9 ± 4,3 (9) 

Total body water (L) 
Kushner et al 44.5 ± 7.9 (25) 44.4 ±7.1 (23) 45.3 ± 7.4 (24) 45.9 ±8.1 (19) 45.3 ± 6.3 (8) 
Lohman 42.6 ± 14.3 (26) 46.3 ± 7.2 (23) 47.2 ± 7.2 (24) 44.9 ± 13.0(20) 28.6 ±24.0 (13) 
RJL 46.0 ± 6.7 (25) 45.8 ±6.1 (23) 46.6 ± 6.2 (24) 46.8 ±6.8(19) 46.2 ± 5.2 (8) 

Symptom Distress Score 19.9 ± 5.0 (26) 19.2 ±5.6 (23) 19.2 ±6.0 (24) 20.2 ±6.0(19) 21.8 ±5.3 (8) 

ADL Score 6.3 ± 1.8(26) 6.6 ±2.4 (22) 6.1 ± 1.7 (22) 6.6 ±2.1(16) 6.9 ±2.4 (8) 

Physical activity (kcal) 236 ± 382 (26) 207 ± 376 (23) 167 ±291 (24) 163 ±230(19) 158 ± 262 (9) 

Energy intake (kcal) 1948 ±499 (15) 1923 ±743 (21) 2104 ±689 (18) 1876 ±480(15) 1801 ±435(4) 

Protein intake (g) 76.0 + 22.0(15) 77.7 ±30.9 (21) 82.2 ±22.4 (18) 76.7 ±20.1 (15) 66.8 ± 12.5 (4) 

Nutrition risk score A 5.1 ±2.0(26) 5.5 ± 2.5 (23) 5.6 ± 2.2 (24) 5.7 ±2.3(19) 6.3 ± 3.6 (7) 

Nutrition risk score B 5.1 ±2.4(26) 5.5 + 2.0 (23) 5.2 ± 2.3 (24) 5.5 ± 1.7(19) 5.9 ±2.3 (7) 

Body mass index (kg/m^) 24.9 ±4.1 (26) 24.6 ± 4.2 (23) 25.0 ± 3.9 (24) 24.5 ±4.2(19) 23.3 ± 3.7 (9) 

Skinfold sum (mm) 45.7 ±21.2 (26) 45.1 +21.1 (23) 47.5 ± 23.3 (24) 44.6 ± 23.7 (20) 28.3 ±28.9 (13) 

Resting metabolic rate (kcal) 1850 ±383 (26) 1827 ±395 (23) 1866 ±373 (24) 1828 ±418(19) 1732 ±294 (9) 



Table J-3. Results for female subjects (mean ± SD (w)) 

Deoendent variables Baseline Visit 1 Visit 2 Visit 3 Visit 4 

Body weight (kg) 67.2 ± 11.3(44) 67.3 ± 11.8(41) 67.4 ± 11.6(39) 67.6 ± 11.4 (34) 69.6 ± 11.4 (27) 

Usual weight (kg) 68.9 ± 12.2(44) 69.3 ± 12.3(41) 68.7 ± 12.2 (40) 68.0 ± 10.0 (42) 68.3 ± 19.3 (38) 

Weight change (kg) 1.8 ±4.0 (44) 2.0 + 5.1 (41) 1.6 ±5.1 (39) 1.0 ±4.9 (34) 2.0 ±6.8 (27) 

Fat-free mass (kg) 
Skinfold 
Kushner et al 
Lohman 
RJL 

43.8 ± 5.2 (44) 
46.9 ± 6.0 (44) 
49.3 ± 5.6 (44) 
47.5 ±4.5 (44) 

43.6 ± 5.4 (39) 
47.2 ±6.1 (38) 
49.4 ± 5.9 (38) 
47.7 ±4.7 (38) 

43.7 ± 5.3 (33) 
47.6 ± 6.8 (33) 
49.7 ±6.1 (33) 
48.0 ±5.1 (33) 

44.3 ± 5.0 (28) 
47.1 ±6.4(27) 
49.3 ±5.5 (27) 
47.7 ±4.7 (27) 

45.6 ±4.1 (19) 
49.9 ±6.2 (19) 
52.0 ±5.5 (19) 
49.8 ±4.6 (19) 

Body fat (%) 
Skinfold 
Kushner et al 
Lohman 
RJL 

23.3 ± 7.3 (44) 
20.3 + 9.4(44) 
25.7 ± 7.4 (44) 
22.6 ± 2.5 (44) 

23.1 ±7.4 (39) 
19.5 ± 8.5 (38) 
25.1 ±6.4 (38) 
22.7 ±2.1 (38) 

23.2 ± 7.2 (33) 
19.5 ±9.5 (33) 
25.1 ±7.3 (33) 
22.9 ± 2.4 (33) 

23.2 ± 6.3 (28) 
19.5 ± 6.8 (27) 
25.6 ±5.1 (27) 
22.4 ± 2.5 (27) 

25.4 ±7.1 (19) 
19.6 ±9.4 (19) 
26.2 ±6.2 (19) 
22.7 ±2.2 (19) 

Total body water (L) 
Kushner et al 
Lohman 
RJL 

34.2 ± 4.4 (44) 
36.0 ±4.1 (44) 
34.7 ± 3.3 (44) 

34.5 ± 4.5 (38) 
36.1 ±4.3 (38) 
34.8 ± 3.4 (38) 

34.8 ± 5.0 (33) 
36.3 ±4.5 (33) 
35.0 ± 3.7 (33) 

34.4 ±4.7 (27) 
36.0 ±4.1 (27) 
34.8 ± 3.5 (27) 

36.5 ±4.6 (19) 
38.0 ±4.0 (19) 
36.4 ±3.4 (19) 

Symptom Distress Score 19.5 + 6.2(42) 20.0 ±6.6 (40) 20.1 ±6.8 (34) 19.9 ±5.6 (27) 20.8 ±6.5 (17) 

ADL Score 6.3 ± 1.7 (42) 6.4 ± 1.8 (40) 6.3 ± 1.9 (37) 5.7 ±0.8 (26) 6.5 ±3.0 (15) 

Physical activity (kcal) 70 ± 95 (44) 89 ± 114 (40) 94 ± 118(40) 61 ±96 (38) 33 ± 53 (27) 

Energy intake (kcal) 1499 ±437 (19) 1595 + 359 (27) 1469 ± 389 (23) 1488 ±485 (17) 1458 ± 261 (6) 

Protein intake (g) 61.1 ±20.7(19) 66.6+16.1 (28) 60.2 ± 19.7 (24) 58.4 ± 19.8(18) 58.7 ± 18.5 (7) 

Nutrition risk score A 4.7 ± 1.7 (44) 4.7 ± 2.0 (40) 4.7 ± 1.9(37) 4.5 ± 1.6 (30) 5.1 ±2.0(20) 

Nutrition risk score B 5.1 ± 1.7(44) 5.5 ±2.1 (40) 5.8 ± 3.0 (37) 5.6 ± 2.6 (30) 5.0 ± 2.2 (20) 

Body mass index (kg/m^) 24.9 ±4.2 (44) 24.9 ±4.1 (41) 24.9 ±4.2 (39) 25.3 ±4.1 (34) 25.6 ±4.1 (26) 

Skinfold sum (mm) 63.2 ± 26.0 (44) 59.5 ±27.6 (41) 50.9 ± 32.3 (40) 40.8 ± 33.7 (42) 31.9 ±37.5 (39) 

Resting metabolic rate (kcal) 1615 ±272 (43) 1615 ±283 (41) 1618 ±278 (39) 1605 ± 263 (38) 1671 ±273 (27) 
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