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ABSTRACT 

As the efficacy of clinical management of HIV infection continues to improve, there is a 

growing need for outcomes research to focus on finding ways to improve physical well-being and 

quality of life. Weight loss and body cell mass (BCM) depletion are two clinical issues that have 

received ongoing attention from researchers, given that both are potent predictors of morbidity in 

HIV -infected individuals. In this series of studies, three primary issues were addressed. First, the 

relationship between pharmacological (oxandrolone) and nutritional therapies and changes in BCM 

and body weight was examined over a 4-mo descriptive clinical trial. Second, the impact of these 

changes was considered in terms of quality of life change. Third, these analyses provided an 

opportunity to compare single-frequency bioelectrical impedance with multi-frequency bioelectrical 

impedance methods for measuring BCM change. There were a number of compelling findings in 

this research. First, HIV-infected individuals receiving oxandrolone and nutritional intervention 

were observed to gain both body weight and BCM. Significant relationships were observed between 

weight gain and improved quality of life, physical well-being, and appetite. In addition to these 

results, the use ofbioimpedance spectroscopy (BIS) was demonstrated to have several advantages 

over the more commonly used single-frequency bioelectrical impedance method for measuring BCM 

in the field, including the ability to provide valid measures of BCM in IDV infection. Based on 

these findings, it appears that early identification by a valid field method, BIS, and a multi-faceted 

therapeutic approach may be most effective in the treatment of weight loss and BCM depletion in 

HIV -infected individuals. 
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CHAPTER! 

INTRODUCTION 

Human immunodeficiency virus (HIV) is a retrovirus that adversely affects the immune 

system, specifically targeting and depleting the T-helper lymphocytes, characterized by the presence 

of the CD4 cell surface marker, ultimately leading to the development of acquired immunodeficiency 

syndrome (AIDS) (Stine, 1996). HIV and the related AIDS has become one of the most pressing 

public health problems in the world. With the development of more effective strategies for 

combating the virus, such as combination therapies including nucleoside and non-nucleoside reverse 

transcriptase inhibitors and protease inhibitors (Chaudry and Shepp, 1997; Deeks et al., 1997), and 

with the advent of better treatment modalities for opportunistic infections, individuals with HIV are 

living longer and HIV -related health care has shifted towards management as a chronic rather than 

terminal disease (Fields-Gardner, 1995; Lewis and Terriff, 1997). The focus oflllV -related research 

has turned toward the investigation of supportive therapies, including interventions aimed at 

improving nutritional status. The shift towards outcomes research and evaluation of therapies in 

terms of clinically relevant endpoints has been an important influence on the development of this 

research study. 

Weight loss and malnutrition are common in mv infection, and are thought to contribute 

to immune dysfunction and the progression to clinical AIDS (Muurahainen and Mulligan, 1998). 

Furthermore, weight loss and depletion of body cell mass (BCM) have an enormous impact on 

morbidity and mortality in patients with HIV infection (Babameto and Kotler, 1997). Although 

weight loss is often used as a way to assess nutritional status in HIV-infected individuals, change 

in body composition, specifically loss of body cell mass (BCM), has been most strongly correlated 
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to timing of death from AIDS (Kotler et al., 1989a). In fact, BCM loss has been observed to precede 

overt weight loss even in the early stages of HIV infection (Ott et al., 1993 ). BCM is a term which 

refers to all of the cells in the body that burn energy and perform work (Moore and Boyden, 1963). 

The terms "lean body mass" and "fat-free mass" have often been used erroneously as 

interchangeable with the term "body cell mass". In fact, fat-free mass (FFM) is a broader term which 

includes BCM, comprised of cellular components and intracellular water (ICW), and extracellular 

mass (ECM), which includes bone mass and extracellular water (ECW) (Shizgal, 1990). The use 

of FFM as a clinical outcome parameter can be misleading, because it includes both intra- and 

extracellular water (i.e. total body water). When weight loss occurs in an individual, it is often 

accompanied by an expansion ofECW and a decrease in ICW, reflecting a loss ofBCM (Moore and 

Boyden, 1963; James et al., 1984; Beddoe, Streatand Hill, 1985). Total body water can thus remain 

constant, even though the distribution of body water has shifted. IfFFM were used as a parameter 

of nutritional status in an individual, this critical shift in fluid compartments would not be detected, 

and the nutritional deficit of this individual would be overlooked. BCM, not FFM, should be used 

as a parameter of nutritional status. Criterion measures ofBCM can be derived from measurements 

ofiCW. Because cells are comprised of70% water, measurement ofiCW provides an excellent 

measure ofBCM (Moore and Boyden, 1963). 

The measurement ofBCM has been gaining recognition as an important addition to clinical 

studies in HIV-infected individuals, particularly as a way to evaluate the effectiveness of 

interventions for weight loss and malnutrition. However, the method most often used in studies, 

single-frequency bioelectrical impedance analysis (BIA), cannot be considered valid for use in this 

population due to the potential violation ofkey assumptions inherent to the method. Although many 

studies using single-frequency BIA have reported results in terms ofBCM, this method has only 
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been validated to assess TBW and FFM, not ICW and BCM, in IDV infection (Kotler, Wang and 

Pierson, 1985; Sluys et al., 1993; Kotler et al., 1996). Therefore, single-frequency BIA is not able 

to provide a valid estimate ofBCM. Due to this deficiency, there is a need to identify a better field 

method to use in the clinical setting to assess BCM in HIV-infected people. 

Bioimpedance spectroscopy (BIS), which involves taking impedance measurements over an 

entire spectrum of frequencies, is promising as a more valid field method than single-frequency BIA, 

since it does not rely on assumptions which may be violated as a result of the disease state (Van 

Loan et al., 1993 ). This method has been validated against criterion methodologies in healthy people 

(Patel et al., 1994; van Marken Lichtenbelt et al., 1994; Armstrong et al., 1997; De Lorenzo et al., 

1997) and has been used for monitoring both intra- and extracellular fluid volume in dialysis patients 

(Jaffrin et al., 1996). BIS has not yet been validated for use in other clinical populations, including 

IDV patients; however, its reasonable cost, simplicity, and noninvasive nature make it an attractive 

and promising option as an alternate field method to single-frequency BIA. 

Several intervention approaches for weight loss in HIV infection have been investigated, 

including nutritional and pharmacologic strategies. Nutritional strategies have involved the use of 

oral supplements, enteral nutrition or parenteral support. Pharmacologic strategies have involved 

the use of appetite stimulants, including megestrol acetate and dronabinol, anti-cytokine strategies, 

and anabolic agents, including growth hormone and oxandrolone. Megestrol acetate and nutritional 

intervention strategies have been observed to promote weight gain under certain conditions in some 

individuals; however, this gain has been associated with gains in body fat, not lean tissue. Because 

of the prognostic value ofBCM, it is of utmost importance that an intervention strategy be targeted 

at and evaluated for its impact on BCM. The majority of intervention studies have either not 

assessed body composition at all, or have failed to use valid methods for measuring BCM. The most 
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promising intervention strategy is the use of anabolic agents which can specifically promote BCM 

repletion. Of these, oxandrolone has the most attractive profile (high anabolic activity, moderate 

cost, and low incidence of adverse side effects). Oxandrolone has been used successfully to treat 

weight loss in other clinical populations, including liver disease (Bonkovsky et al., 1991 a,b; 

Mendenhall etal., 1993; 1995), growth failure (Schrooret al., 1995), and burn injury (Demling and 

DeSanti, 1997). Studies on oxandrolone in HIV infection have been limited (Berger et al., 1996; 

Fisher and Abbaticola, 1997; Poles et al., 1997; Fisher and Abbaticola, 1998); however, efficacy to 

promote weight gain in mv infection has been proven in one placebo-controlled trial (Berger et al., 

1996). The primary deficits in intervention studies conducted to date involve the inadequate 

assessment of body composition and quality of life changes in response to the therapy of interest. 

As with many other aspects ofHIV infection, weight loss can significantly impact quality 

of life, either by adversely affecting a person's physical ability to carry out daily activities and/or 

by adversely impacting a person's sense of well-being. It seems logical that any treatment strategy 

aimed at reversing weight loss and improving the nutritional status of an HIV -infected individual 

should not only be evaluated for its ability to produce the desired clinical effect, but also for its 

impact, positive or negative, on quality of life and perceived well-being. There is a growing interest 

in the assessment of the impact of interventions on perceived well-being and quality oflife, although 

historically there has been limited availability of valid, comprehensive, and easy to administer 

quality of life assessment instruments. The current study was unique in that body composition was 

evaluated using state of the art methodology, and quality of life parameters were comprehensively 

assessed using the recently validated (Cella et al., 1996) Functional Assessment in HIV Infection 

(F AHI) questionnaire. 
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There were three primary aims of the current descriptive study. Because the efficacy of 

oxandrolone to promote weight gain has previously been established in a placebo-controlled trial of 

HIV-infected individuals (Berger et al., 1996), the first aim of the current study was to describe 

changes in body weight and BCM in HIV -infected individuals receiving a course of treatment for 

weight loss with oxandrolone in conjunction with comprehensive nutritional management. The 

second aim was to investigate the relationship between change in body weight or BCM and quality 

oflife parameters. The third aim was to validate BIS against criterion methods as a field method for 

measuring BCM in mv infection. These aims were explored in three conceptually distinct 

components, each of which are presented in the form of a publishable paper (Chapters 3, 4, and 5). 

In order to provide the appropriate context for the research questions addressed in these papers, a 

full review of the relevant literature is presented in Chapter 2. 
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CHAPTER2 

REVIEW OF LITERATURE 

Weight Loss and Malnutrition 

Involuntary weight loss and malnutrition are common in lllV infection, and both are thought 

to contribute to immune dysfunction and the progression to clinical AIDS (Muurahainen and 

Mulligan, 1998; Strawford and Hellerstein, 1998). It is estimated that 50 to 90 percent of 

HIV -infected individuals will develop some form of malnutrition during the course of their disease 

(Fields-Gardner, 1995; Babameto and Kotler, 1997; Stosorand Von Roenn, 1998). Furthermore, 

it has been reported that malnutrition is a strong predictor of survival, independent of CD4 ... count 

(Guenter eta!., 1993; Silttmann eta!., 1995). 

The AIDS wasting syndrome has been defined by the Center for Disease Control (CDC) as 

weight loss greater than I 0% from usual body weight with the presence of diarrhea or fever lasting 

more than 30 d that is not attributable to other disease processes, in the presence of antibodies 

against HIV (Centers for Disease Control, 1987; Kotler and Grunfield, 1996). It was reported that 

7.1% ofthe 147,225 new AIDS cases recorded by the CDC from 9/87 to 8/91 had the AIDS wasting 

syndrome as their only AIDS-defining condition (Nahlen et a!., 1993 ). 

Perhaps a more clinically relevant definition of the wasting syndrome is .. a process of 

decline characterized by pathological changes in body composition, weight loss, fatigue, loss of 

strength, and a decrease in quality of life" (Urdang and Harding Swallow, 1983). Independent of 

the wasting syndrome, moderate to severe weight loss in the 3 to 15 rna prior to the diagnosis of 

clinical AIDS has been shown to be an independent predictor of survival after AIDS (Palenicek et 

a!., 1995). In fact, a recent study of2,382 HIV-infected individuals participating in four intervention 
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studies reported that as little as 5% weight loss from usual body weight over 4 rna was associated 

with an increased risk for mortality and opportunistic infections (Wheeler et al., 1998a). 

Although weight loss is often used as a criterion for assessing nutritional status and has been 

shown to correlate with morbidity and mortality in HIV infection, change in body composition, 

specifically loss of body cell mass (BCM), has been most strongly correlated to timing of death from 

AIDS (Kotler et al., 1985; 1989a; Ott et al., 1993; Babameto and K.otler, 1997; Strawford and 

Hellerstein, 1998). In fact, BCM depletion has been observed to precede overt weight loss even in 

the early stages ofl-ITV infection (Ott et al., 1993 ). BCM is a valuable clinical outcome parameter, 

because its assessment provides a measure oftotal body protein and metabolically active, functional 

tissue. A more detailed discussion of BCM and assessment methods will be presented in a later 

section. 

With the recent development of more effective strategies for fighting HIV, such as highly

active antiretroviral therapy (HAART), which involves using a new class of antiretroviral agents, 

the aspartyl protease inhibitors, in combination with nucleoside inhibitors, it has been suggested that 

the incidence ofHIV-associated wasting will decrease (Macallan, 1998; Sherer, 1998). However, 

illY -associated weight loss and BCM depletion will very likely continue to be a problem because 

of several persistent issues. Studies in patients on HAAR T have demonstrated that there are always 

some patients who continue to lose weight despite effective antiretroviral therapy. Furthermore, no 

correlation has been observed between reduction in viral load and body weight change in individuals 

on HAART (Teixeira et al., 1997; Macallan, 1998). There may be several reasons for this, including 

drug side effects and dosing requirements which may interfere with adequate nutrient intake. 

Another issue which is likely to lead to continued observations ofHIV-associated weight loss is that 

some individuals will be unable to be maintained on effective antiretroviral regimens because of 
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drug failure, intolerance of drug side effects, compliance issues, and financial limitations (Macallan, 

1998). The notion that wasting will remain a significant issue in illV infection is reinforced by the 

fact that two major clinical trials groups (the AIDS Clinical Trials Group and the Terry Beim 

Community Programs for Clinical Research on AIDS) within the Division of AIDS of the National 

Institute of Allergy and Infectious Diseases. National Institutes of Health, have initiated research 

studies aimed at enhancing scientific understanding ofthe pathogenesis and management of IllY

related wasting and malnutrition (Muurahainen and Mulligan, 1998). 

An interesting phenomenon which has become increasingly evident but which is still poorly 

understood is the apparent redistribution of fat, or lipodystrophy, which occurs in some individuals 

who are on protease inhibitor therapy (Carr et aL, 1998; Lo et al., 1998; Miller et al., I998b; Silva 

et al., 1998). This lipodystrophy is characterized by a wasting of fat from the face, limbs, and upper 

trunk, and accumulation of fat in the abdominal region (Carr et al., 1998). It seems likely that this 

type of wasting may become more prevalent as more individuals are placed on HAART combination 

therapy which includes a protease inhibitor. Considering the effects of protease inhibitor therapy 

on body fat distribution, in addition to the impact of all the other potential factors which can 

contribute to weight loss and wasting of body protein (BCM) in IDV -infected individuals, it is 

essential that effective strategies be devised for early identification and intervention. In order to 

better understand the rationale behind various interventions studied to date, it is important to first 

discuss the etiology of weight loss and malnutrition in HIV infection. 

Etiology of Weight Loss and Malnntrition 

The etiology of weight loss and malnutrition in IDV infection is thought to be complex and 

multi-factorial. Some of the factors that are thought to contribute include decreased nutrient intake, 
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decreased nutrient absorption, increased nutrient losses, and metabolic disturbances (Coodley, 

Loveless and Merrill, 1994; Fields-Gardner, 1995; Kotler and Grunfield, 1995; Wilcox, Rabeneck 

and Friedman, 1996; Babameto and Kotler, 1997; Casey, 1997; Kotler, 1998; Strawford and 

Hellerstein, 1998). Decreased nutrient intake can occur as a result of several factors, including 

anorexia (due to medications, iiiness, cytokine elevations, or micronutrient deficiencies (specifically 

zinc and vitamin A), dementia, gastrointestinal symptoms (nausea, gastroesophageal reflux, 

obstructions, odynophagia, or dysphagia), depression, poverty, or substance abuse (Kotler and 

Grunfield, 1995; Babameto and Kotler, 1997; Casey, 1997). Decreased nutrient absorption and 

increased nutrient losses can occur as a result of the effects ofHIV itself on the gastrointestinal tract 

or the clinical consequences of medications and various opportunistic infections, such as diarrhea 

and vomiting (Coodley et al., 1994b; Lamb! et al., 1996; Babameto and Kotler, 1997; Kotler, 1998). 

Inadequate intake, alone or in conjunction with malabsorption, generally results in a pattern 

of simple starvation, which is associated with an adaptive decrease in resting energy expenditure 

(REE), a shift toward utilization of fat stores for energy, and a relative conservation of lean tissue 

(Strawford and Hellerstein, 1998). However, many patients with HIV infection exhibit a more 

complex pattern of wasting, characterized by increased REE, increased proteolysis and loss of lean 

tissue, and diminished lipid oxidation. This more complex pattern of wasting is not dissimilar to the 

pattern observed in stress, trauma, and certain types of cancers, and may be associated with 

underlying metabolic abnormalities (Babameto and Kotler, 1997). 

The three primary metabolic disturbances thought to contribute to weight loss and wasting 

in HIV infection include hypermetabolism, elevated cytokine levels, and endocrine dysfunction 

(Macallan, 1998). It has been hypothesized that glutamine deficiency (Shabert and Wilmore, 1996) 
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and altered cysteine and glutathione metabolism (Droge and Holm, 1997; Droge etal., 1997) may 

also be contributing factors; however, these are considered minor. 

The rrrst primary metabolic disturbance which may contribute to weight loss in HIV 

infection is hypermetabolism. Hypermetabolism is observed in many disease states, and can be 

defined as a resting energy expenditure that is at least 10% above basal energy expenditure predicted 

by the Harris-Benedict equation (McClave and Snider, 1992). It has been proposed that an increase 

in resting energy expenditure (REE) may be one of the causes for weight loss in HIV infected 

individuals; however, it has not been a consistent observation in clinical studies (Silttmann et al., 

1993; Macallan, 1998). Increased REE has been reported in asymptomatic HIV infection (Hommes 

et al., 1991; Sharpstone et al., 1996), and has been reported to be greater in individuals with AIDS 

(Hommes et al., 1990; Melchior et a!., 1991 ), and even more marked still in individuals with 

opportunistic infections (Grunfield et a!., 1992; Melchior et al., 1993 ). However, there does seem 

to be inter-individual variation, because normometabolism (Macallan et al., 1995), or even 

noticeable hypometabolism (Kotler et al., 1990b; Suttmann et al., 1993) has been observed across 

all stages of HIV infection. 

The second major metabolic disturbance that may contribute to weight loss in HIV infection 

is an increase in systemic levels of certain cytokines. Elevated cytokines, such as tumor necrosis 

factor-a and interferon-a, are thought to contribute to the cachexia, or pattern of wasting, associated 

with cancer and other chronic infections, including HIV infection (Kotler and Grunfield, 1995). 

Tumor necrosis factor (lNF-a), or "cachectin" as it was originally named, has been demonstrated 

to elicit a number of metabolic responses which can cause wasting in both animal models and 

humans (Kotler and Grunfield, 1995; Strawford and Hellerstein, 1998). Although TNF-a and other 

cytokines play an essential role in host defense mechanisms, persistent elevation can be detrimental 
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(Beutler and Grau, 1993). 1NF-a can cause hypermetabolism, increased whole body proteolysis and 

lipolysis, reduced lipoprotein lipase activity and diminished peripheral lipid clearance, anorexia, and 

elevated serum triglycerides when administered to normal human subjects over a short period of time 

(Strawford and Hellerstein, 1998). Hypertriglyceridemia is one of the characteristic features of 

wasting, and is commonly observed in HIV infection (Kotler and Grunfield, 1995). Although several 

factors may contribute to elevated triglyceride levels in HIV infection, TNF-a and interferon-a are 

thought to play a significant role (Grunfeld et al., 1991; Grunfeld and Feingold, 1992). 

Increased circulating levels ofTNF-a have been observed in I-llV infection (Uihdevirta et 

al., 1988; Aukrust et al., 1994), although this is not a universal observation. Cytokine levels are 

difficult to measure, because they are released locally in tissues to act in a paracrine fashion, and are 

rapidly destroyed by proteolytic activity (Strawford and Hellerstein, 1998). Nevertheless, TNF-a 

and interferon-a production by peripheral blood cells taken from HIV -infected individuals has been 

reported to increase with HIV disease progression (Hess et al., 1991). Additionally, serum TNF-a 

receptor levels have been shown to increase with disease severity in HIV infection (Aukrust et al., 

1994). Serum levels ofTNF-a receptor proteins are considered to be an adequate index ofTNF-a 

activity in vivo, because TNF-a receptors serve as a control mechanism, neutralizing circulating 

TNF-a (Suttmann et al., 1996). Interestingly, increased expression of TNF-a receptors has been 

observed in brain tissue of AIDS patients, and is thought to amplify the 1NF-a response, thereby 

mediating cerebral damage (Sippy et al., 1995). Further evidence of the broad effects ofTNF-a in 

HIV infection is provided by in vitro studies, which have shown that TNF-a can upregulate HIV 

expression in infected T-cells by activating a specific nuclear factor, NK-kB (Odeh, 1990). It is clear 

that more research is needed regarding the role that elevated cytokines play in HIV-associated 

wasting and the disease process itself. 
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The third major category of metabolic abnormalities which have been observed in mv 

infection can be globally described as endocrine dysfunction. Endocrine abnormalities with 

pathological manifestations of the testes, and the thyroid, adrenal, and pituitary glands have all been 

reported in IDV infection (Strawford and Hellerstein, 1998). In many chronic illnesses, the thyroid 

adapts to the disease state by decreasing concentrations of triiodothyronine (T3) (Balog, Epstein and 

Amodio-Groton, 1998). In IDV infection, thyroid function tests commonly result in normal or only 

minimally depressed serum T3 concentrations (Dobs et al., 1988; LoPresti et al., 1989; Sato et al., 

1989), which is considered to be a maladaptation to the disease which may contribute to increased 

REE and weight loss. Pituitary function is also thought to be affected by IllY infection. Growth 

hormone is produced by the anterior pituitary, and is responsible for maintaining growth and 

promoting nitrogen retention. Although overt growth hormone deficiency is uncommon in IDV 

infection, a recent report has associated AIDS-related wasting with a growth hormone-deficient state, 

evidenced by low serum concentrations of serum insulin-like growth factor (IGF) and anomalies in 

the growth hormone/IGF system (Frost et al., 1996). 

Cortisol (a glucocorticoid) and dehydroepiandrosterone (DHEA; an androgen and estrogen 

precursor) are adrenal steroid hormones which modulate the immune system and are mutual 

antagonists (Laudat et al., 1995; Christeff et al., 1997). Adrenal dysfunction occurs as mv infection 

progresses, leading to a shift in predominance from androgen to glucocorticoid adrenal hormone 

production (Nunez and Christeff, 1994). Elevation of serum cortisol (Nunez and Christeff, 1994; 

Coodley et al., 1994a), and an increase in the cortisol:DHEA ratio has been observed across all 

stages of mv infection; furthermore, the cortisol:DHEA ratio has been shown to be negatively 

correlated with CD4+ count (Laudat et al., 1995; Christeff eta!., 1997). Low DHEA levels have 

been shown to independently predict disease progression, and are positively correlated with the 
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CD4• count (Laudat et al., 1995; Christeffet al., 1996; de Ia Torre et al., 1997) and body weight 

(Christeff et al., 1997). There is some evidence that endocrine dysfunction is more severe in patients 

with wasting compared to patients who are not wasting, as evidenced by higher serum cortisol levels 

and lower serum testosterone in wasting individuals (Coodley et al., 1994a). In fact, the most 

common endocrine abnormality in HIV infection is hypogonadism, or low serum testosterone level 

(Poretsk.-y, Can and Zumoff, 1995). 

Testosterone possesses both androgenic (able to induce the male secondary sex 

characteristics) and anabolic (able to promote protein-synthesis and nitrogen retention) activities; 

and it is essential for preserving muscle mass, physical endurance, libido, and well-being in males 

(Vida, 1969). Low testosterone levels have been shown to be correlated with weight loss, loss of 

lean body mass, lower CD4 count, and decreased survival in AIDS (Coodley et al., 1994a; Wagner, 

Rabkin and Rabkin, 1995; Grinspoon et al., 1996; Strawford and Hellerstein, 1998). Low 

testosterone levels have also been associated with later stage of illness and the use of megestrol 

acetate, a progestational agent used as an appetite stimulant (Wagner et al., 1995). Low testosterone 

and dihydrotestosterone (the transformed nuclear form) have been observed in HIV and AIDS 

patients, with a syndrome of! ow dihydrotestosterone and normal testosterone levels associated with 

a greater degree of weight loss than in patients with normal dihydrotestosterone and normal 

testosterone levels (Sattler et al., 1998). 

In any given individual with HIV -associated weight loss, it is likely that more than one factor 

may be contributing to the problem. Interventions for weight loss have aimed at the different 

potential causes, allowing for a broad range of strategies that may be chosen singly or in combination 

for maximum effectiveness. 
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Intervention Strategies for Weight Loss and Malnutrition 

Current therapies for HIV-related weight loss and malnutrition include nutritional and 

pharmacologic interventions (Herrington, Herrington, and Church, 1997; Stosor and Von Roenn, 

1997; Balog et al., 1998; Wanke, 1998). Nutritional interventions are recommended by registered 

dietitians, and involve dietary manipulation to maximize caloric intake such as small frequent meals 

with inclusion of high-calorie, nutrient-dense foods, restriction of lactose or fat when deemed 

necessary to minimize side effects of opportunistic infections and/or medication regimens, and the 

use of oral nutrition supplements, with either general or disease-specific formulations. If oral intake 

is deemed inadequate to meet nutrient needs, enteral or parenteral support may be necessary, 

depending upon gastrointestinal function and other clinical issues (Fields-Gardner, 1995). 

Pharmacologic interventions that have been studied can be grouped into three general categories: 

1) appetite stimulants; 2) anti-cytokine agents; and 3) anabolic agents. 

Nutritional intervention Strategies. There have been several reports on the effects of oral 

nutritional supplementation on body weight and nutritional status in HIV infection. The efficacy of 

nutritional intervention and oral supplementation to promote weight gain in 119 AIDS patients was 

studied in a retrospective study (McKinley et al., 1994). Forty-two patients received nutrition 

intervention, 10 of which had gastrointestinal problems and II of which exhibited wasting, and 

seventy-seven patients did not receive nutrition intervention. Nutrition intervention included 

nutritional assessment, dietary intake analysis, and supplementation as deemed necessary to optimize 

nutrient intake. The intervention group exhibited significant mean weight gain compared to the 

nonintervention group, which exhibited a mean weight loss. It was concluded from these results that 

nutrition intervention can improve nutritional status as assessed by body weight. Chlebowski et al. 

(1989) also studied the efficacy of dietary consultation in a prospective study involving the impact 
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of malnutrition on clinical outcome in 71 AIDS patients. Significant weight loss and 

hypoalbuminemia were present at baseline in nearly all of the patients. The progressive weight Joss 

associated with end-stage AIDS was not attenuated by dietary intervention. Those individuals who 

had the greatest predicted time of survival had the best nutritional status, reflected by closer to 

normal albumin levels and the least amount of weight loss. This seems to support the notion that 

early intervention to maintain body weight and nutritional status may delay disease progression 

(Chlebowski et al., 1989). A recent study has reported that while caloric intake is positively 

associated with body weight gain, only protein intake is positively associated with BCM repletion 

(Williams et al., 1998). It should be noted that the methods used to evaluate both dietary intake (24-

h recall) and body composition (single-frequency bioelectrical impedance analysis (BIA)) have 

significant potential for measurement error, and thus, any conclusions drawn from this study are at 

least somewhat questionable. However, it does make intuitive sense that protein supplementation 

with adequate caloric intake might lead to effective repletion of BCM; however, well-controlled 

studies are needed to confirm this observation. It is likely that the effect of caloric and/or protein 

supplementation on weight and BCM repletion will vary between individuals, depending upon 

disease stage, medication regimens, and other factors. 

Specialized formulations have been developed to meet the nutrient needs of the HIV -infected 

patient, and may contain w-3 fatty acids, arginine, fiber, medium chain triglycerides, and/or peptides 

(Fields-Gardner, 1995). Three studies comparing the benefits of oral supplementation with a 

peptide-based formula enriched with w-3 fatty acids, fiber, and arginine with a standard formula 

have been reported (Chlebowski et al., 1993; Hoh et al., 1998; Pi chard et al., 1998). Chlebowski et 

al. (1993) demonstrated that in a study of 80 asymptomatic HIV patients, individuals who were 

supplemented with a specialized formula exhibited less weight loss than those who received a 
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standard formula, even with similar caloric intake. Body composition was not assessed. Although 

energy and protein intake increased significantly with supplementation in the study by Hoh et al. 

(1998), neither body weight nor fat-free mass (FFM) changed significantly over 6 weeks in 49 

individuals with IllY-associated weight loss. Pichard et al. (1998) demonstrated that specialized 

supplementation over 6 mo did lead to significant increase in body weight (mean increase of2 kg) 

in 64 HIV-infected individuals; however, body composition changes were not assessed. 

One recent study reported that supplementation of the amino acid glutamine ( 40 gld) was 

associated with greater weight and BCM gain than unsupplemented controls (Shabert et al., 1998). 

Glutamine supplementation in conjunction with an anabolic agent has also been shown to be 

beneficial in promoting BCM and weight gain (Fisher and Abbaticola, 1997). However, the method 

used in both of these studies to assess BCM (single-frequency BIA) cannot be considered valid in 

HIV infection, and thus, these results should be interpreted carefully. Certainly, given the known 

biochemistry of glutamine and its role in immune function and gastrointestinal maintenance 

(Vanderhoof et al., 1992; Moskovitz et al., 1994), it seems likely that glutamine supplementation 

could be beneficial in IllY infection as it is in other clinical conditions such as short bowel syndrome 

(Byrne eta!., 1995) and post-bone marrow transplant (Ziegler et al., 1992). Further studies are 

needed to elucidate the effects of glutamine on BCM and nutritional status in HIV infection. 

There are several issues that must be considered regarding the use of oral nutritional 

supplementation for the treatment of weight loss and malnutrition. First, the high prevalence of 

diarrhea and gastrointestinal infections may make tolerance to oral supplements difficult in some 

individuals. The use of peptide-based and/or glutamine-enriched supplements may be beneficial, 

although efficacy studies are few in number (Hoh eta!., 1998; Pichard eta!., 1998; Shabert et al., 

1998). Second, in individuals who report anorexia, oral supplementation may lead to a decrease in 
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other food intake, which would essentially cancel the net benefit of intervention. Third, it is very 

difficult to obtain accurate assessment of dietary intake in human subjects. Studies are usually 

conducted in free-living subjects who are not confined to a metabolic ward; therefore, quantification 

of dietary intake is subject to potentially significant recording error. In fact, assessment of dietary 

intake has been the focus of much research interest, and is likely to always remain an issue in clinical 

trials in free-living subjects (Beaton, Burema and Ritenbaugh, 1997; Lissner, Heitmann and 

Lindroos, 1998). 

There have been a number of studies on the effects of enteral and parenteral nutrition 

regimens on weight gain or repletion of BCM in HIV patients, with varying results (Kotler et al., 

1990a; 1991; Ockenga et al., 1996). Parenteral nutrition regimens are recommended for treatment 

ofHIV-associated wasting in individuals with intractable vomiting or diarrhea, bowel obstruction, 

or evidence of significant malabsorption (Balog et al., 1998). Kotler et al. ( 1990a) demonstrated that 

in a small sample (n = 12) of AIDS patients, total parenteral nutrition (TPN) was effective in 

promoting gains in BCM (estimated by total body potassium mean increase of24 mEq) and body 

weight (mean increase of 3 kg) in individuals without underlying systemic infection; however, a 

significant increase in body fat (mean increase of3 .9 kg) was also observed, indicating that repletion 

was occurring predominantly in the body fat compartment. Enteral feeding administered through 

a percutaneous endoscopically placed gastrostomy (PEG) was evaluated for its impact on nutritional 

status by Kotler et al. (1991) and Ockenga et al. (1996). Kotler et al. (1991) demonstrated that 

enteral feeding via PEG with a specialized formula containing medium chain triglycerides and 

peptides in eight clinically stable AIDS patients over 2 mo resulted in a significant increase in BCM 

(mean increase of 14% from baseline) assessed by total body potassium and isotope dilution; body 

fat by anthropometry (mean increase not reported); and body weight (mean increase of 6% from 
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baseline). Ockenga et al. (1996) did not assess body composition, but showed that home enteral 

support via PEG was well-tolerated, and resulted in significant increases in body weight (mean 

increase of3.3 kg) in a sample of 47 HIV-infected individuals with a history of weight loss. The 

common denominator in all of these nutritional intervention studies seems to be that if there is an 

underlying systemic infection that is left untreated, nutrition support is not effective at promoting 

gains in BCM, but leads to gains solely in the body fat compartment. Indeed, another study 

demonstrated that patients with disseminated cytomegalovirus infection who received treatment for 

the infection gained body weight and repleted BCM, and those who did not receive treatment lost 

BCM (Kotler et al., 1989b). Randomized, controlled trials which include accurate assessment of 

body composition and dietary intake are needed to further explore the efficacy of nutrition 

intervention to promote gains in BCM. It is likely that the most effective regimens for promoting 

BCM gains will be tailored to meet individual needs to include both nutrition intervention and one 

or more pharmacologic therapies. 

Pharmacologic Intervention Strategies. Pharmacologic interventions used clinically to treat 

weight loss and malnutrition in mv infection include three primary categories: appetite stimulants, 

anti-cytokine agents, and anabolic agents. Dronabinol and megestrol acetate are the two main 

pharmacologic agents which have been approved to promote weight gain by increasing appetite in 

HIV -infected individuals. Dronabinol (Marinol™, Roxane Laboratories) was the first drug approved 

by the FDA for treatment of anorexia in cancer patients, and contains ..1-9-tetrahydrocannabinol, the 

major psychoactive component present in marijuana (Plasse et al., 1990). Struwe et al. (1993) 

investigated the effect of dronabinol on appetite and nutritional status in 12 HIV patients with weight 

loss in a double blind, randomized, placebo-controlled crossover trial. Only five patients completed 

the 12 week study protocol, and outcomes measured were body weight, percent body fat estimated 
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by skinfold measurements, caloric intake, and symptom distress by subjective scale. A significant 

increase in body fat, a slight but insignificant increase in body weight, and a significant decrease in 

symptom distress was reported for the treated subjects; however, the sample size in this study was 

too small to draw conclusions about the efficacy of dronabinol. The mood-altering, sedative effect 

of dronabinol was reported to be one of the reasons for subject attrition, and is a major limitation to 

the general use ofthis agent (Rosen, 1995). 

A larger multi-center, randomized, double-blind, placebo-controlled trial was conducted by 

Beal et al. (1995) on 139 AIDS patients with at least 2.3 kg weight loss from usual body weight. 

Primary outcomes of interest were change in appetite assessed by a visual analogue scale and change 

in weight. A total of 72 patients received dronabinol, and 67 patients received placebo for the six 

week study period. Mean weight gain in the treatment group was 0.1 kg which was not significant 

when compared to the mean weight loss of 0.4 kg exhibited by the placebo-treated group. Body 

composition was not assessed; therefore, it is not clear whether or not the small gain in weight 

observed was in the fat or fat-free body mass. Although no major adverse drug events were reported, 

the results from this study do not seem to support the use of dronabinol for treatment of weight loss 

in patients with AIDS. 

Megestrol acetate (17-a-acetyloxy-6-methylpregna-4,6-diene-3,20-dione, Megace™, 

Bristol-Myers Squibb) is a synthetically derived progestational agent that was first observed to cause 

weight gain as a side effect in women taking the medication to treat metastatic breast cancer 

(Tchekmedyian, 1993 ). Since these first observations, several randomized, placebo-controlled trials 

have been conducted in the cancer population (Tchekmedyian, Hickman and Heber, 1991 ). Loprinzi 

et al. (1990) randomly assigned 133 cancer patients to receive either megestrol acetate (800 mgld) 

or placebo for a median treatment time of 1.6 mo. A significantly greater percentage of patients on 
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megestrol acetate (16%) gained 15 lb or more compared with the 2% of patients given the placebo. 

Other studies conducted by Loprinzi et al. (1993a,b) confirmed these results; however, the body 

composition assessment by dual-energy x-ray absorptiometry (DXA) demonstrated that the majority 

ofweight gained was body fat. Nevertheless, these results led to trials ofmegestrol acetate in the 

HIV population, and despite its drawbacks, it has been approved and adopted by many clinics as the 

standard pharmacologic agent for treatment of anorexia and weight loss in HIV infection. 

Oster et al. (1994) conducted a twelve week, multi-center, randomized, double-blind, 

placebo-controlled trial in 100 AIDS patients with weight loss of 10% from ideal body weight. 

Primary outcomes measured were caloric intake, body weight, sense of well-being, and body 

composition by single-frequency BIA. By week 8, the group receiving 800 mgld megestrol acetate 

gained an average of3.86 kg, compared to the group receiving placebo, which exhibited a mean 

decrease in weight of 0.46 kg. Patients on megestrol acetate also had an increased sense of 

well-being and increased caloric intake compared to placebo-treated patients; however, the majority 

of weight gained in the treatment group was fat mass (3.68 kg out of3.86 kg weight gained). Von 

Roenn and associates (1994) conducted a study with a similar design in 271 patients with AIDS. 

The primary difference in this study was the use of three different dosage levels ofmegestrol acetate 

(1 00, 400 and 800 mgld) compared to placebo. Of the 195 evaluable patients, 64.2% gained 5 lb or 

more, compared with 21.4% of patients receiving placebo (P < 0.001 )- The mean weight change in 

the 800 mgld treatment group was 7.8 lb; however, there was a wide range within the group ( -17 

to 36.5 lb) and on average, only 2.5 lb of the 7.8 lb gained was fat-free mass as assessed by 

single-frequency bioelectrical impedance. Despite the indication that the majority of weight gained 

was fat mass, the authors concluded with the recommendation that all people with AIDS and weight 

loss of 5% or more should be treated with megestrol acetate. 
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These favorable conclusions drawn by both Oster and Von Roenn's papers stimulated several 

editorials in protest. The high cost ofmegestrol acetate ($3700/y) and the potential side effects of 

impotence, edema, and adrenal insufficiency make these broad recommendations seem at least 

somewhat premature. An important point raised by Haller's (1994) editorial was that weight gain 

does not necessarily translate into benefit in terms of increased functional status. He did comment 

favorably on the important contribution quality of life assessment made to the aforementioned 

studies, in that any supportive therapy should be aimed at not only improving functional and clinical 

status, but also perceived quality of life in the HIV population. Hengge and Brockmeyer (1995) 

expressed similar objections in their letter to the editor, echoing the concern about gains in fat mass 

without improvements in functional status. Cohen (1995) went further to raise the question that 

gains in fat, not lean body mass might even be detrimental in terms of functional status and clinical 

outcome. 

Additional concerns about the studies conducted to date on the use ofmegestrol acetate in 

weight-losing AIDS patients include the lack of generalizability to the general AIDS population due 

to the very stringent exclusion criteria used. The two primary studies presented excluded all patients 

with identifiable causes of weight loss such as intractable diarrhea, and uncontrolled opportunistic 

infections. It is unclear how many patients might have been excluded from these studies because 

of these criteria, and furthermore, how these patients might have been affected by treatment with 

megestrol acetate. Another concern is the use of single-frequency bioelectrical impedance to assess 

body composition. This is a common problem in evaluating the results from all intervention trials 

that use this method. The assumptions behind the method are very likely violated in the 

HIV-infected population; therefore, any reported changes in body composition are questionable. 



33 

The potential benefits of combining megestrol acetate and dronabinol have also been 

studied. Timpone et aL (1997) investigated the effects of dronabinol alone and in combination with 

two different doses of megestrol acetate on body weight and quality of life in 52 HIV patients with 

wasting syndrome. Body composition was not assessed, but quality of life was assessed using the 

comprehensive F AHI questionnaire and body weight was measured every 2 wk over the 12-wk study 

duration. The primary finding from this study was that only the combination of dronabinol and 

megestrol acetate at the higher dose led to significant weight gain. Dronabinol alone had no 

significant impact on body weight. Additionally, none of the treatments led to significant changes 

in quality of life parameters assessed by the F AHI questionnaire. Although studies have shown that 

megestrol acetate can lead to significant weight gain in HIV-infected individuals, the limited body 

composition data that is available appears to suggestthatthe weight gain is predominantly associated 

with gains in body fat, not BCM. It is clear that further study of the effect ofmegestrol acetate on 

body composition needs to include criterion methodology before conclusions can be drawn regarding 

the potential benefit of megestrol acetate therapy in the HIV population. 

Anti-cytokine therapies are still in the experimental stage of investigation, and will require 

further research before being adopted as a part of standard therapy for HIV -associated weight loss. 

Still, some ofthe preliminary data on these therapies are worth reporting. The primary cytokine that 

is targeted by pharmacologic agents is 1NF-cc. Strategies for countering the effects ofTNF-cc in .HIV 

infection include therapies which inhibit the production of1NF-cc (thalidomide, pentoxifylline, and 

dietary enrichment with cu-3 fatty acids), and agents which block the activity ofTNF-a: (anti-1NF-a: 

antibodies). Thalidomide ( cc-phthalim idoglutarimide) has been shown to suppress HIV -1 replication 

and TNF-cc mRNA production in human peripheral blood mononuclear cells taken from 17 patients 

with advanced HIV infection and AIDS (Makonkawkeyoon et aL, 1993). One placebo-controlled 
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study of fourteen HIV patients with a history ofweight loss showed that short-term administration 

of thalidomide results in significant weight gain; however, body composition was not assessed, and 

30% of the patients developed a rash necessitating withdrawal from the study (Klausner et al., 1996). 

Haslett et al. (1997) studied the effect ofthalidomide therapy for two weeks on body weight and 

composition in thirteen HIV -infected men maintained on isocaloric diets. Body composition was 

assessed by single-frequency BIA, and serum 1NF-a; levels were measured at baseline and post

treatment. The authors reported a significant increase in body weight and BCM; however, effects 

on body composition are questionable because of the problems associated with the use of single

frequency BIA in HIV-infected individuals. No change in serum TNF-a; levels were detected, 

although levels were not elevated at baseline. Furthermore, adverse events were associated with 

thalidomide therapy, including fevers (3113), rash (l/13), and constipation (6/13). Larger trials to 

investigate the toxicity and efficacy of thalidomide in HIV infection are currently underway; 

however, it is unlikely that it will be proven effective enough to become standard treatment for 

weight loss, given its history of adverse side effects. Furthermore, the recognized teratogenic effects 

ofthalidomide make use ofthis agent in women of child-bearing age problematic. 

Pentoxifylline is a methylxanthine derivative which has FDA approval for the treatment of 

intermittent claudication (Dezube et al., 1993). In tissue culture, it has been shown that 

pentoxifylline can decrease IDV -1 replication, and in peripheral blood mononuclear cells of cancer 

patients, it can decrease TNF production by down-regulating 1NF mRNA synthesis (Dezube et al., 

1995). Pentoxifylline has also been shown to reduce serum triglyceride levels and TNF-a; expression 

in humans with HIV infection (Dezube et al., 1993), and is well-tolerated even at high doses (Dezube 

et al., 1995); however, no demonstrable effect on body weight has been observed. Therefore, 
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although it does have demonstrated anti-1NF-a; effects, it is not very promising as an agent for 

weight loss in HIV infection. 

Dietary w-3 fatty acid (fish oil) supplementation has been investigated for its potential to 

reduce lNF-a production and thus promote weight gain in HIV infection (Hellerstein et al., 1996; 

Siittmann et al., 1996). Omega-3 polyunsaturated fatty acids, including ~icosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA) which are predominant in fish oil, can modulate immune function 

and inflammation by altering eicosanoid formation (Siittmann et al., 1996). The w-3 fatty acids are 

considered to have anti-inflammatory effects because they stimulate the production of prostaglandin 

~ (PG~) and leukotriene B5 instead ofPG~ and leukotriene B4, which are produced from the w-6 

fatty acids. Because many of the effects of interleukin-1 and 1NF-a are mediated by eicosanoid 

pathways, it is thought that w-3 fatty acid supplementation may be able to inhibit the catabolic 

effects of1NF-a and possibly other cytokines in HIV infection (Hellerstein et al., 1996). A I 0-wk 

trial of w-3 fatty acid supplementation in 16 men with AIDS-related weight loss demonstrated 

moderate weight gain in clinically stable patients; however, subjects who developed a new AIDS

related complication continued to lose weight (Hellerstein et al., 1996). Serum TNF-a and 

interleukin-1 levels were undetectable before and after fish oil supplementation. The authors 

concluded that fish oil may have weak anti-cytokine effects which may be able to contribute to 

weight loss management in HIV infection; however, more potent cytokine inhibitors are needed for 

effective treatment of wasting, particularly in the presence of AIDS-related complications. Siittmann 

et al. ( 1996) demonstrated that 4 rna of fish oil supplementation in the form of a specialized enteral 

supplement which also contained arginine, and dietary nucleotides, can lead to significant weight 

gain in clinically stable, symptomatic mv infection. Dietary intake was assessed by weekly dietary 

records kept every 2 mo, and body composition was assessed by single-frequency BIA. Serum levels 
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ofTNF-a receptor proteins were also measured. Subjects exhibited a significant increase in body 

weight and serum levels of1NF -a receptor protein after supplementation with the fish oil-containing 

supplement. The authors concluded from the results of this study that increased intake of cu-3 fatty 

acids. arginine, and dietary nucleotides can lead to weight gain in IDV infection, possibly by 

mediating the detrimental effects of1NF-a (Siittmann et al., 1996). 

The most experimental strategy aimed at countering the effects of1NF-a is the use ofanti-

1NF-a antibodies. Anti-1NF-a antibodies have been shown to be safe in humans, and have been 

investigated for their potential to mediate the detrimental effects of 1NF-a in sepsis and HIV 

infection (Wherry, Pennington and Wenzel, 1993; Walker et al., 1996). Walker et al. (1996) 

demonstrated that serum 1NF-a levels in six HIV-infected individuals were significantly reduced 

within 24 h of infusion of chimeric 1NF-a antibody. Body weight and composition were not 

assessed. While these results are interesting, it is unlikely that this approach could ever become part 

of routine care, because of the complexity and high cost associated with the production of chimeric 

antibodies. Furthermore, because of the transient and paracrine nature of1NF-a activity in vivo, 

systemic detection ofTNF-a is not always possible (Aukrust et al., I 994). Thus, investigation of 

strategies aimed at mediating effects of 1NF-a is complicated by the difficulties associated with 

measuring TNF-a activity within the human system. 

The most promising pharmacologic agents for weight Joss in IDV infection are anabolic 

agents, which have been investigated for their potential to promote BCM gain. There are several 

anabolic agents that have been suggested for the treatment of wasting in AIDS, including 

testosterone replacement, recombinant growth hormone therapy, and anabolic steroids. 

One of the most common endocrine abnormalities observed in HIV-positive individuals is 

a low testosterone level, occurring in over half of all men with advanced HIV disease (Grin spoon 
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et al.. 1998). Testosterone replacement therapy may be warranted in individuals with true 

hypogonadism. and has been demonstrated to lead to improvements in sexual function. mood. 

appetite, and energy levels (Stosor and Von Roenn, 1998) with good long-term tolerance (Maguen. 

Wagner and Rabkin. 1998). Engelson et al. (1996) demonstrated that testosterone administration 

could lead to significant increase in body weight and BCM (assessed by single-frequency BIA) over 

12 wk in hypogonadal HIV patients who were not underweight at the start of the study. More recent 

double-blind. placebo-controlled studies have confirmed these findings (Bhasin et al., 1998; 

Grinspoon et al., 1998; Wagner and Rabkin. 1998). Transdermal testosterone replacement (5 mg/24 

h) in hypogonadal HIV-infected men over 12 wk was shown to cause significant gains (1.3 kg mean 

change) in lean body mass (LBM) measured by DXA. which is considered to be a reference method 

for LBM (Bhasin et al.. 1998). Interestingly. body fat was reduced concomitantly. and thus. body 

weight did not change significantly. Quality of life parameters assessed by the Health Related 

Quality of Life (HRQOL) scale improved with testosterone replacement. Grinspoon et al. (1998) 

conducted a similar study in 51 hypogonadal HIV patients with wasting. and demonstrated that 

testosterone replacement (300 mg testosterone enanthate) every 3 wk over 6 mo can lead to 

significant gains in FFM assessed by DXA (mean change of2.0 kg) and body weight (mean gain 1.6 

kg). 

Because clinical symptoms of hypogonadism often occur in apparently eugonadal men in 

HIV infection. Wagner and Rabkin (1998) investigated whether or not intramuscular testosterone 

injections (400 mg testosterone cypionate) given at biweekly intervals over 12 wk could lead to 

significant change in BCM. body weight, and quality of life assessed by the Clinical Global 

Impressions Scale. Quality of life improved, and the average weight gain observed was 2.3 kg, with 

an average BCM gain of 1.8 kg; although single-frequency BIA was the method used, making the 
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BCM results somewhat questionable. At least one study resulted in no significant weight gain after 

testosterone replacement (Coodley and Coodley, 1997). The study by Coodley and Coodley ( 1997) 

was a double-blind placebo-controlled trial during which 17 men received 200 mg testosterone 

cypionate intramuscularly every 2 wk for 3 mo. Patients did report an improved sense of well-being, 

but no change in body weight or body composition assessed by triceps skinfold thickness. 

Testosterone has a low anabolic:androgenic potential, thus one of the primary adverse 

effects of testosterone replacement therapy is virilization (Bentley, 1980). This side effect limits its 

potential use in many populations, specifically women and children. However, there has been at 

least one study reporting the effects of low-dose ( 150 J.Lg/d) transdermal testosterone administration 

in women with AIDS wasting syndrome (Miller et al., 1998a). A positive trend was noted in weight 

gain and quality of life improvement in women on therapy; however, there were some reported side 

effects. 

No studies have been published to date on the effect of long-term treatment with testosterone 

on BCM in weight-losing HIV-infected women or men. The FDA has only approved the use of 

testosterone for the treatment of hypogonadism; it is not yet approved for treatment of HIV

associated weight loss. Given the low cost of testosterone ($13 0/y), it is likely that additional studies 

evaluating its use in HIV wasting will be forthcoming (Balog et al., 1998). However, given its high 

potential for masculinizing side effects, it is unlikely that testosterone therapy will be adopted as a 

standard treatment for weight loss in IDV infection. Perhaps the best indication for its use in HIV 

infection is to treat hypogonadism, thereby minimizing the contribution of low testosterone to the 

wasting picture. Testosterone replacement therapy may be most useful in conjunction with other 

anabolic agents; although studies investigating this possibility have yet to be conducted. 
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Growth hormone is produced by the anterior pituitary, and is responsible for maintenance 

of normal growth and promotion of protein synthesis, among other activities. It acts indirectly by 

stimulating the production of other hormones known as somatomedins or insulin-like growth factors 

(IGF) (Windisch, Papatheofanis and Matuszewski, 1998). Recombinant human growth hormone 

(rhGH) has had FDA approval since 1996 for treatment of AIDS-related wasting, and is 

commercially available under the trade name Serostim (Sereno Laboratories, Norwell, MA) 

(Windisch et al., 1998). Anabolic effects of growth hormone have been shown to be useful in the 

management of several clinical conditions, including cancer, trauma, bums, surgery, and growth 

hormone deficiency; thus, providing a rationale for its use for the treatment of HIV -associated 

weight loss (Balog et al., 1998). 

There are several published reports regarding the effects of recombinant human growth 

hormone in HIV -infected individuals with weight loss (Schambelan et al., 1996; Mulligan, Tai and 

Schambelan, 1998). The majority of data supporting the use of rhGH are derived from a single 

randomized placebo-controlled trial in 178 HIV patients with significant weight loss (mean of 14% 

from usual weight) (Mulligan et al., 1993 ). In general, the data support rhGH as an effective strategy 

to promote weight and LBM gain in HIV-infected individuals with a history of weight loss. The 

earliest report based on this study indicated that in six HIV -positive men with 1 0% weight loss, 

rhGH at a level of 0.1 mg/kg/d was associated with a significant increase in body weight (mean 

increase of 2.0 kg), a decrease in protein oxidation, and a decrease in urinary nitrogen excretion 

when compared to six healthy weight-stable controls (Mulligan et al., 1993 ). Results from the larger 

study confirmed these preliminary findings. Ninety patients received 0.1 mglkg/d rhGH and 88 

patients received placebo for 12 wk. Body composition was comprehensively assessed using DXA 

and multiple dilution, and quality oflife was assessed using a self-administered questionnaire (HIV-
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PARSE). A significant increase in body weight was observed in the treatment group compared to 

the placebo group (mean increase of 1.1 kg vs. 0.1 kg). Lean body mass, measured by DXA, 

increased significantly (mean increase of 3.0 kg); body fat, measured by DXA, decreased (mean 

decrease of 1.7 kg); and all body water compartments measured by multiple dilution (total body 

water (TBW) by deuterium dilution, extracellular water (ECW) by bromide dilution) increased 

significantly in the rhGH group compared to the placebo group. Functional status assessed by 

treadmill performance significantly increased by 13% after treatment with rhGH compared to 2% 

after treatment with placebo; however, quality oflife indices were unchanged by rhGH therapy. A 

recent paper reported that the increase in body weight and lean tissue that is observed post-rhGH 

treatment is not associated with an increase in dietary intake, but is associated with an increase in 

REE (Mulligan et al., 1998). 

Two smaller studies reported similar results to the larger trial, with significant increases in 

body weight and lean tissue after rhGH therapy (Krentz et aL, 1993; Waters et al., 1996). One study 

showed a reversal of weight loss associated with an increase in LBM by single-frequency BIA in 10 

patients with AIDS or AIDS-related complex after 3 mo of treatment with rhGH (Krentz et al., 

1993). No increase in muscle strength (assessed by hand dynamometry) or endurance (assessed by 

knee flexion) was detected post-treatment. The major limitations to the study were the very small 

sample size (n = 7), and the lack of confirmation by valid methods that the observed weight gain was 

BCMgain. 

Waters et al. ( 1996) studied the effects of rhGH alone and in combination with recombinant 

IGF (riGF) in a randomized, double-blind, placebo-controlled trial in 60 patients with AIDS and 

wasting syndrome. Only the combination therapy resulted in a significant increase in LBM and a 

decrease in fat mass (assessed by single-frequency BIA) after 12 wk of treatment. Quality of life 
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assessed by the 36-item Medical Outcomes Questionnaire did not improve in any group. Three other 

papers have reported the results of investigating the effects of combined rhGH/riGF therapy on mv

associated weight loss, with slightly different results (Lieberman et al., 1994; Ellis et al., 1998). 

Combined therapy with rhGH and riGF over 10 d was not associated with a significant anabolic 

response (measured by nitrogen balance) in ten AIDS patients (Lieberman et al., 1994 ). Two other 

papers reported similar findings, which were derived from the same study (Ellis et al., 1996; 1998). 

Combination therapy with 0.68 mgld and 10 mgld with rhGH and riGF, respectively, was ineffective 

at promoting a significant increase in BCM measured by total body potassium. DXA was used to 

measure fat and FFM; FFM remained unchanged and body fat decreased significantly over the 12 

week study (Ellis et al., 1996; 1998). 

It can be concluded from these data that while rhGH therapy can promote significant gains 

in body weight and lean tissue, there is no advantage to the combined use of rhGH and riGF. 

Whether or not the observed gains are clinically relevant may be questioned, given that quality of 

life indices appeared to be unaffected by treatment. Furthermore, rhGH therapy has only been 

evaluated over12 wk. Anabolic effects over longer periods of time remain to be determined, and 

potential detrimental effects of longer term administration need to be evaluated. There have been 

a few reported side effects of rhGH therapy, including edema, joint pain, carpal tunnel syndrome, 

insulin resistance, and glucose intolerance; however, these side effects are relatively rare (Windisch 

et al., 1998). The primary drawback to recombinant human growth hormone treatment is its 

prohibitively high cost, which has recently been capped by Serono Laboratories at $32,000/y (Balog 

et al., 1998). At this point in time, the FDA has not granted full approval for rhGH; therefore, 

longer-term follow-up studies are necessitated. 
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Efforts have been made to develop modified androgens which have all the anabolic activity 

of testosterone but little androgenic activity, and which may be orally rather than intravenously 

administered (Vida, 1969; Kopera, 1985). Synthetic anabolic agents are alkylated at the 17-a carbon 

of the testosterone molecule in order to protect them against deactivation by the liver after oral 

administration, which increases the potential for liver toxicity. The primary injectable testosterone 

derivative which has been used experimentally to treat HIV -associated weight loss is nandrolone 

decanoate, available as a 50-, 100- and 200-mg/ml injection under the trade name Deca-Durabolin 

(Stosor and Von Roenn, 1998). It has been evaluated for safety and efficacy in a 16 wk open-label 

trial in 17 AIDS patients who had lost 5 to 15% of their usual body weight, and who did not gain 

weight in response to nutritional management strategies (Gold et al., 1996). Nandrolone decanoate 

was administered intramuscularly at a dose of 100 mg, every 2 wk throughout the duration of the 

study. Lean body mass (LBM) measured by single-frequency BIA was reported to be significantly 

increased (mean increase of 1.1 kg); however, these results should be considered cautiously given 

the problematic nature of single-frequency BIA in IDV infection. Interestingly, LBM as indicated 

by total body nitrogen measured by neutron activation analysis (considered to be a reference method 

for LBM) was not significantly increased after 16 weeks oftherapy; however, an increasing trend 

was observed. No patients withdrew from the study because of drug-related adverse events; 

however, there have been other reports of impotence, insomnia, and acne in some individuals taking 

the drug (Bucher et al., 1996). Additional studies are currently in progress to evaluate the efficacy 

and safety of nandrolone decanoate in women with mv -associated weight loss. The FDA has not 

yet granted full approval of this drug for HIV-associated weight loss; further research is needed to 

investigate the longer term effects of nandrolone decanoate, and to provide a more comprehensive 

assessment of effects on body composition using appropriate methods. 
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Oxymetholone and oxandrolone are two orally administered synthetic anabolic steroids 

which were developed to have faster clearance rates and less liver toxicity than other derivatives. 

Oxymetholone (17-j3-hydroxy-17-methyl-2-hydroxymethylene-5-a-adrostan-3-one) was the first 

testosterone derivative to be investigated for promoting weight gain in HIV patients (Haller, 1994 ), 

although its primary indications are for treatment of aplastic anemia and antithrombin III deficiency, 

and it still does not have FDA approval for treatment of mv -associated weight loss (Hengge and 

Brockmeyer, 1995). 

Hengge et al. ( 1996) conducted a pilot study of oxymetholone therapy for AIDS patients 

with cachexia. Thirty patients received 150 mg oxymetholone daily, and 30 patients matched for 

stage of disease who did not want treatment served as controls. Primary outcomes were body weight 

and quality oflife indices assessed by questionnaires. The majority of patients (23 out of27) gained 

more than 2 kg body weight (P < 0.00 I) with peak weight change occurring after 20 wk of treatment. 

Sixty-one percent reported increased sense of well-being, 91% reported increased appetite, and 68% 

reported reduced weakness and fatigue (P < 0.05). It should be noted that no body composition 

assessment was done in this study, and it was neither blinded nor placebo-controlled. Although none 

of the more serious side effects associated with oxymetholone (edema, peliosis hepatitis, 

hypertension) were observed in this study, the safety of long-term use and the overall efficacy of 

oxymetholone to promote BCM gains in this population needs to be established. No further studies 

have been published to date on oxymetholone for treatment of wasting in AIDS, although Hengge 

and associates stated intentions of conducting a larger efficacy trial in the future. 

Oxandrolone is a 2-oxa analogue of 17-a-methyldihydrotestosterone which was approved 

by the FDA more than 30 years ago "as adjunctive therapy to promote weight gain after weight loss 

following extensive surgery, chronic infections, or severe trauma, and in some patients who without 
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definite pathophysiologic reasons fail to gain or to maintain normal weight" (Berger et al., 1996). 

Oxandrolone has been used successfully to treat growth failure (Turner's Syndrome) in children 

(Schroor et al., 1995), and has been safely used to treat protein-energy malnutrition in alcoholic liver 

disease (Bonkovsky et al., 1991a,b; Mendenhall et al., 1993; 1995). Oxandrolone has also been 

shown to significantly increase body weight after bum injury (Demling and DeSanti, 1997). 

Despite FDA approval, oxandrolone was not commercially available in the United States 

from I 989 to 1995, primarily because pharmaceutical companies chose to drop it rather than meet 

the increasingly stringent regulatory standards for anabolic steroids (James, 1995). In 1995, 

however, Bio-Technology General Corporation (BTG, Iselin, NJ) reintroduced oxandrolone, under 

the trade name Oxandrin, for promoting weight gain in HIV infection. It is the only oral anabolic 

steroid approved by the FDA for promoting weight gain. Although it is more expensive than 

injectable testosterone and its derivatives ($8200/y vs. $130/y) for testosterone cypionate, and 

$200/y for nandrolone decanoate), oxandrolone has several benefits over other anabolic steroids 

including its reported anabolic:androgenic ratio of6 to 13 times that of methyltestosterone, minimal 

masculinizing effects, and well-demonstrated safety profile (Vida, 1969; Berger et al., 1996; Stosor 

and Von Roenn, 1998). It also has positive pharmacokinetic properties, including that it is rapidly 

and nearly completely absorbed, it has a longer half-life, and it undergoes very little hepatic 

metabolism (Karim et al., 1973). The low potential for hepatic complications was demonstrated in 

studies in patients with severe liver disease and alcoholic hepatitis who tolerated high doses (80 

mgld) of oxandrolone without complications (Bonkovsky et al., 1991 a,b; Mendenhall et al., 1993 ). 

Berger et al. (1996) conducted a multi-center, double-blind study of oxandrolone in 

HIV -positive men with 1 0% weight loss from usual body weight. Patients were randomly assigned 

to receive placebo (n = 23 ), 5 mg oxandrolone (n = 23), or 15 mg oxandrolone (n = 21) per day for 



45 

a period of I 6 wk. The primary efficacy variable was body weight, and body composition was not 

assessed. The group treated with 15 mgld showed a significant increase in body weight (mean 

increase of 1.8 kg at wk I4) compared to the placebo treated group, whose mean weight continued 

to decrease throughout the study. Improvements were also noted in subjective perception of 

appetite, strength, and physical activity. This was a relatively small study; however, the positive 

results prompted the investigators to initiate a larger trial. 

BTG Pharmaceuticals is currently sponsoring a Phase IV open label multi-center trial to 

continue to assess the effectiveness of oxandrolone to promote body weight gain and improved body 

composition assessed by single-frequency BlA in HIV and AIDS patients with weight loss. 

Preliminary results have been reported by several investigating groups over the past two years, and 

have provided positive indications of the ability of oxandrolone to promote weight gain in HIV 

infection. Poles et al. (1997) studied the effects of oxandrolone (20 mgld) in 2 I patients with a 

history of weight loss (defined as 5% loss from usual weight or baseline weight less than I 00% of 

ideal body weight). After 120 d of treatment, mean weight gain was 16 lb, and mean BCM assessed 

by single-frequency BIA gain was 6.6 lb (Poles et al., 1997). Fisher and Abbaticola (1997) reported 

that a daily dose of20 mg oxandrolone in combination with oral glutamine (40 g/d) in 16 HIV

infected men was associated with an average increase in weight of 2.9 kg and BCM assessed by 

single-frequency BIA of 1.2 kg over an average of33 d of therapy. Preliminary data from the large 

eight center Phase IV trial was recently reported (Fisher and Abbaticola, 1998). Longitudinal data 

were reported for the first 26 subjects who received continuous oxandrolone therapy (20 mgfd) over 

12 mo. An average body weight increase of 5.2 kg, and an average BCM gain of 3.5 kg was 

observed by the end of 12 mo. As with the other recent reports (Fisher and Abbaticola, 1997; Poles 
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et al., 1997), body composition was assessed by single-frequency BIA, which makes interpretation 

ofthese results questionable. 

Another group recently reported that a daily dose of20 mg oxandrolone in conjunction with 

resistance exercise (3 times weekly in a supervised setting) was associated with significant increases 

in body weight (mean increase of 6. 7 kg) and LBM assessed by DXA (mean increase of 6.9 kg) over 

8 wk of treatment (Strawford et al., 1998). The study by Strawford and colleagues (1998) is the only 

published report which has considered the impact of resistance exercise on BCM gain in patients on 

oxandrolone therapy. While the effects of resistance exercise could not be separated from the effects 

of oxandrolone therapy in this study, it is likely to be an important factor to consider in evaluating 

the potential success of this or any other anabolic steroid therapy (Evans, Roubenoff and Shevitz, 

1998; Wagner et al., 1998). Additional reports on the effects of oxandrolone therapy in HIV

infected children (Wheeler et al., 1998b ), and HIV -infected women (Pharo et al., 1997) have 

demonstrated the positive effects of oxandrolone on body weight. In the current study, the effect of 

oxandrolone therapy on change in body composition was assessed using both field and criterion 

methods, which provides a more valid basis for the evaluation of oxandrolone for the treatment of 

HIV -associated weight loss. 

After reviewing all the available strategies for treatment of weight loss and malnutrition in 

HIV infection, several recommendations and observations can be made. Combination antiretroviral 

therapy to minimize HIV viral load, medical prophylaxis for opportunistic infections as appropriate, 

and nutritional assessment and monitoring by a Registered Dietitian should be provided to all 

patients with HIV infection. Nutritional management should include a thorough evaluation of 

caloric and protein intake and any factors which might limit adequate intake and absorption, and 

effective management of medication schedules and side effects to minimize adverse effects on 
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nutritional status. It is readily apparent that the success of a single agent is limited by the 

multifactorial nature of wasting; thus, the most effective strategy is likely to be a combination 

approach which includes nutritional management and perhaps a combination of pharmacological 

agents with different mechanisms of action (Stosor and Von Roenn, 1998). 

There are three primary limitations in intervention studies published to date. First, quality 

of life impact has not been evaluated using comprehensive, valid instruments. Second, BCM has 

rarely been measured using valid methods, and body weight and FFM are not good enough indicators 

of nutritional status, considering all of the factors which can skew these parameters in disease states. 

Third, it is apparent from the review of the published studies on the various intervention strategies 

for weight loss that the evaluation of effects on body composition has been limited by the use of 

methods that cannot always be considered valid in HIV infection. Although BCM has gained 

attention as an important clinical indicator, its definition is often confused, and field methods used 

to assess BCM have been inadequate. It is essential that a more valid field method be identified for 

use in clinical trials so that effects of therapies on BCM can be accurately evaluated. A detailed 

discussion of BCM and assessment methods is presented in the following section. 

Body Cell Mass and Body Composition Assessment 

BCM has been established as an important predictor of morbidity and mortality in HIV 

infection; however, there has been some confusion regarding its true definition and significance. 

Generally speaking, the two major components of body weight are fat mass and fat-free mass (FFM), 

which is roughly equivalent to the lean body mass (LBM). The term "lean body mass" has often been 

used erroneously as interchangeable with the term "body cell mass". In fact, LBM is a broader term 

which includes the BCM and the extracellular mass (ECM). BCM has been defined by Shizgal 
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(1990) as the total mass of metabolically active, living functioning cells, or the component ofbody 

composition which is 'responsible for all of the oxygen consumption and carbon dioxide production 

and performs all of the work' in the body. The classic definition ofBCM as put forth by Moore and 

Boyden (1963) is 'that component of body composition containing the oxygen-exchanging, 

potassium-rich, glucose-oxidizing, work-performing tissue'. Sixty percent ofthe BCM consists of 

muscle, while 20% consists of the viscera, and the remaining 20% consists of the cells of adipose 

tissue, tendon, bone, and cartilage, and the red blood cells (Shizgal, 1990). The ECM is the 

component of LBM that is completely outside the cells, metabolically inactive, and the primary 

functions of which are transport and support to the body. ECW and the structural bone matrix are 

the primary components of the ECM. The intracellular water (ICW) most closely approximates the 

BCM (Moore and Boyden, 1963 ), because acute changes in body protein occur mainly in the cellular 

compartment (James et al., 1984 ), and changes in body protein are typically accompanied by changes 

in ICW (Beddoe et al., 1985). 

The measurement of body composition is currently recognized as a critically important 

addition to clinical trials, particularly as a way to assess efficacy of interventions for weight loss and 

malnutrition, and to investigate the pathological changes in body composition which occur in HIV 

infection. However, there is some controversy over the method of choice to assess body composition 

changes in the HIV population (Wang et al., 1992; Jacobs, 1993; Bell et al., 1997; Paton et al., 

1997). Body composition assessment methods fall into one oftwo categories, field techniques and 

criterion methods. Field techniques for body composition assessment have traditionally relied on 

the two component model of human body composition, which divides the human body into fat mass 

and FFM. The two component model is based upon several assumptions, including that the 

hydration of FFM is constant at 73% water, and that bone mineral content is also constant 



49 

(Heymsfield et al., 1996). To evaluate body composition beyond the two compartment model, BCM 

and ECM can be assessed; although traditionally, in clinical populations particularly, assessment of 

these compartments has required the use of criterion methods, because no field methods have been 

proven to be valid to measure these parameters. BCM can be quantified by measuring ICW, and 

ECM can be quantified by measuring ECW and bone mass (Shizgal, 1990). The measurement of 

BCM and ECM provides a more accurate picture of body composition, but is beyond the scope of 

the technology underlying most field methods, including single-frequency BIA. In fact, evaluation 

of the efficacy of interventions for weight loss and malnutrition in HIV infection has been limited 

by the standard use of single-frequency BIA, which cannot be considered valid in clinical 

populations for a number of reasons. A full discussion ofBIA follows. 

Bioelectrical Impedance Analysis 

Generally speaking, bioelectrical impedance analysis (BIA) is a safe, non-invasive, simple 

field technique which measures tissue conductivity (lack of conductivity= impedance) in response 

to a small applied current (Foster and Lukaski, 1996). Tissue conductivity is directly proportional 

to the amount of electrolyte-containing fluid present (Heymsfield et al., 1996). Impedance is a 

function of resistance and reactance, and is also frequency dependent (Cole, 1972; De Lorenzo et 

al., 1997). At very low frequencies, virtually no conduction occurs, thus allowing for the 

quantification of ECW. At very high frequencies, total conduction occurs, thus allowing for the 

quantification ofTBW (De Lorenzo et al., 1997). ICW can then be calculated by subtracting ECW 

from TBW, and it is this derived ICW that approximates BCM. 

There are two types of instruments which apply this technology, single-frequency and 

multiple-frequency devices. Single-frequency devices measure impedance data at a single 
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frequency, and the associated method is termed single-frequency BIA. Multi-frequency analyzers 

utilize a wide range of frequencies, most commonly from 5 to 1000 kHz (Patel et al., 1994 ). For the 

purposes of this discussion, it is also useful to distinguish between the two approaches to using 

impedance data measured by multi-frequency devices. One approach has been generally termed 

multiple frequency BIA, and involves using impedance data measured at only two frequencies, one 

low (usually 5kHz) and one high (50, 100,200 or 500kHz) (Thomasset, 1963; Segal et al., 1991; 

Hannan et al., 1994; 1998; Deurenberg, Tagliabue and Schouten, 1995). The impedance data is used 

to predict TBW, ECW, and ICW by entering it into a regression-derived equation. The second 

approach is bioimpedance spectroscopy (BIS), which involves using all of the impedance data 

measured over an entire spectrum of frequencies, from 5 kHz to 1000 kHz (Lukaski, I 996). 

Bioimpedance spectroscopy (BIS) represents the newest development in BIA technology and 

promises to replace single-frequency BIA as the standard field method, particularly in diseased 

populations; although multi-frequency analyzers are not yet widely used in the clinical setting. This 

notion was recently reinforced in an editorial by Ockenga and Manns (1999). Recently a newer BIS 

device (Xitron 4200S) which has a higher precision capability than previous technologies has been 

put forth by Xitron Technologies Inc. (San Diego, CA). Xitron Technologies is the only commercial 

manufacturer of multi-frequency devices in the United States. The primary feature of interest of the 

Xitron 4200S device is accurate measurement of intra- and extracellular fluid compartments using 

Cole-Cole modeling. Theoretically speaking, only multiple-frequency BIA, which uses impedance 

data from one low and one high frequency, and BIS, which uses impedance data taken over a broad 

range of frequencies, can provide accurate measurements of ECW and TBW, and thus, ICW in 

diseased populations. 
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Single-frequency analyzers were the first commercially available application of the BIA 

methodology, and thus compose the vast majority of analyzers currently used in the clinical setting 

(Chumlea and Guo, 1994). Single-frequency analyzers typically employ a frequency of 50 kHz 

which theoretically is assumed to be high enough to pass through both extra- and intraceilular fluid 

compartments, and therefore, can provide an estimate ofTBW; however, this assumption may not 

hold true in clinical populations (Lukaski et al., 1985; Chumlea and Guo, 1994). Furthermore, 

another assumption that is made and that is potentially violated in clinical populations is that under 

stable conditions, FFM is 73% water. This theoretically allows for the estimation of FFM from 

impedance-estimated TBW through the equation: FFM = TBW/0.73 (Heymsfield et al., 1996). 

Single-frequency BIA is the most common method used in clinical trials in HIV infection 

to assess body composition; however, the assumptions involved in this method may be violated as 

a result of the disease state. Two primary assumptions of concern are that fluid volumes maintain 

a constant relation to FFM and that the ECW to ICW ratio remains constant. It is known that 

disturbances in fluid distribution and balance occur during weight gain or loss and in disease 

(Heymsfield et al., 1996). Specifically, it has been demonstrated that HIV infection can alter the 

volume and distribution of fluids between intracellular and extracellular compartments (Kotler et 

al., 1985). Another assumption underlying single-frequency BIA which is likely to be violated in 

HIV infection is that a frequency of 50 kHz is high enough to cross through cell membranes to give 

an accurate quantification of TBW. In order to better understand how this assumption may be 

violated, a bioelectrical impedance term called characteristic frequency must be introduced. 

Characteristic frequency can be defined as the frequency at which the applied alternating current 

passes through all biological tissues to accurately quantify TBW by measuring both extracellular and 

intracellular fluid volumes (Cole, 1972). Characteristic frequency has been shown to change with 
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alterations in ECW, ICW, or cell membranes (Lofgren, 1951 ). Furthermore, it has been shown that 

characteristic frequency can vary quite markedly in different clinical populations, ranging from 200 

kHz in dialysis patients (De Lorenzo et al., 1997) to 500 kHz in young children with severe diarrheal 

disease (Meyer et al., 1998). If the characteristic frequency is 200 kHz for an individual, and 

impedance measurements are taken at a frequency of 50 kHz, it is apparent that TBW will not be 

quantified completely. Characteristic frequency is not measured by single-frequency BIA; therefore, 

it is not possible by this method to ascertain if 50 kHz is indeed high enough to quantify TBW in any 

individual. Characteristic frequency is, however, measured by BIS; this is one of the reasons why 

BIS is potentially a superior field method to single-frequency BIA, because it allows for inter

individual variation in the factors which can alter characteristic frequency. 

A validation study of single-frequency bioelectrical impedance for use in HIV infection was 

conducted in 1993 by Sluys et a!. in II clinically stable AIDS patients. Deuterium and bromide 

dilution were used to provide criterion measures for TBW and ECW, respectively. Measurements 

of TBW and LBM by single-frequency BIA were closely correlated to those assessed by the 

combined multiple dilution method; however, measurements ofBCM and fat mass were less strongly 

correlated. Kotler et al. (1996) conducted a validation study of single-frequency BIA in 332 

HIV-infected individuals, using total body potassium counting as a criterion method for assessing 

BCM, DXA as a criterion method to assess body fat, and tritiated water as the criterion method to 

measure TBW. Gender-specific prediction equations were validated to calculate FFM and TBW, 

and although the authors determined that single-frequency BIA is unreliable to detect small changes 

in body composition (e.g.< 5% change in FFM), they concluded that it is precise enough to be used 

in clinical trials to estimate FFM and TBW. Although newer single-frequency analyzers such as the 

RJL System report values for TBW, BCM, ECM, and fat mass, and in fact, several studies of body 
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composition in HIV-infected individuals have reported results in this manner (Wang et al., 1992; 

Jacobs, 1993; Ott et al., 1993; 1995; Kotler et al., 1996), it remains somewhat questionable whether 

single-frequency BIA can provide accurate assessments of these parameters. In fact, the scientific 

basis of single-frequency BIA has been brought into question, particularly for its use in clinical 

populations (Matthie and Withers, 1995; De Lorenzo et al., 1997). However, as a simple clinical 

tool to monitor change in body composition over time in clinically stable patients, single-frequency 

BIA may be acceptable (Jacobs, 1993). 

There has been ongoing debate regarding which of the two multi-frequency approaches is 

best. Several investigators have proposed that multiple-frequency BIA, which involves using 

impedance data measured at two frequencies (high and low) to enter into any number of regression

derived equations, to be the best impedance method to use (Thomasset, 1963; Segal et al., 1991; 

Hannan et al., 1994; I 998; Deurenberg et al., 1995). Multiple-frequency techniques require fitting 

a regression equation to criterion data so that impedance data can be entered into a predictive 

equation for ECW and TBW, while BIS measures ECW and TBW directly through Cole modeling. 

It makes intuitive sense that BIS would likely be the best field method for measuring ICW, because 

of its capacity to provide direct, rather than statistically derived, measures of TBW and ECW. 

Furthermore, only BIS is free of assumptions that may be violated as a result of the disease state 

(Van Loan et al., 1993 ). 

BIS has been validated against criterion methods (multiple isotope dilution and total body 

potassium) in healthy people (Patel et al., 1994; van Marken Lichtenbelt et al., 1994; Armstrong et 

a!., 1997; De Lorenzo et al., I 997) and has been used for monitoring extracellular and intracellular 

fluid volume in dialysis patients (Jaffrin et al., 1996). There have been only two other studies which 

have involved the use ofBIS in HIV infection (Paton et al., 1998; Van Loan et al., 1999). Van Loan 
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et al. (1999) recently reported the first successful prediction of BCM change using BIS. SIS

determined FFM accurately predicted the nitrogen balance change in wasted AIDS patients 

following gonadal hormone therapy. Paton et al. (1998) compared measures ofTBW by deuterium 

dilution and ECW by bromide dilution with measures by a variety of impedance methods, including 

BIS, and concluded that none of the methods were significantly better than the traditional single

frequency approach. It must be noted, however, that the only statistical methods used in this study 

were correlational and linear regression analyses. It is well known that ECW, ICW and TBW are 

highly intercorrelated and that impedance measured at any frequency can equally predict the absolute 

volume of each body water compartment (van Marken Lichtenbelt et al., 1994; De Lorenzo et al., 

1997; Paton et al., 1998). This intercorrelation would be expected because ECW and ICW tend to 

be tightly regulated and compose TBW. Detection of any systematic error that would impair the 

measurement of change in fluid compartments by a particular bioimpedance method would be 

obscured by the high intercorrelation of the variables when only absolute volume is predicted. The 

current study is the first study to validate BIS against multiple dilution as a method to evaluate BCM 

in HIV-infected individuals. 

Criterion Methods 

Several criterion methods were considered to assess body composition parameters of interest 

in the current study, including total body potassium counting(~), neutron activation analysis 

(NAA}, and the combined methods of deuterium or tritium dilution and bromide or 22sodium (~a) 

dilution (Howell, 1998). A comparison of the available techniques to estimate BCM indicated the 

combination of deuterium dilution to quantify TBW and bromide dilution to measure ECW to be the 

most advantageous methodology to provide a criterion-derived estimate ofBCM. 
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Total body potassium counting (4Dy() has been used in many populations including AIDS 

patients, and provides estimates ofBCM through the assumption that 98% of total body potassium 

is located inside cells, and that potassium content of the FFM is constant (Kotler et al., 1985). The 

latter assumption, in particular, makes this method questionable for use in HIV -infected individuals. 

Additionally, this method requires specialized equipment and technical training, involves significant 

expense, and exposes the human subject to ionizing radiation. 

In vivo neutron activation analysis (NAA) is another technique which is used to assess body 

composition, and has been utilized in special research centers to measure total body protein in 

healthy and critically ill people (Hill, 1990; Wang etal., 1993). This method can measure up to 98% 

of the elemental composition of the body, specifically nitrogen, carbon, sodium, chloride, 

phosphorous, calcium, and in combination with total body potassium counting eOJ<), also potassium; 

however, NAA requires highly specialized equipment and technical personnel, is very expensive, 

and involves exposure to ionizing radiation (Ellis, 1996). 

The combined dilution techniques are particularly advantageous for measuring BCM in the 

HIV population because these techniques do not involve making any assumptions about the 

constancy of body compartments or composition. To measure TBW by dilution, oxygen-labeled 

C80), deuterated eH), or tritiated eH) water can be utilized. The use of 180-labeled water or 

deuterium oxide (D20 or 2H20) is preferred over tritiated water eH20) as a tracer because unlike 

tritium, these isotopes are not radioactive. The stable oxygen tracer 180 has been reported to provide 

highly accurate measures ofTBW; however, the high cost of the tracer is a distinct disadvantage 

compared to deuterium (-$300 /dose vs. -$7/dose for deuterium) (Lukaski and Johnson, 1985; 

Howell, 1998). Deuterium is a stable isotope of hydrogen which is present naturally at low 

concentrations in the human body as deuterium oxide (D20). Furthermore, the use of deuterium 
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oxide does not require specialized expertise or equipment, and is relatively inexpensive in 

comparison to the use of tritium. Deuterium oxide can be administered orally. and then, after a 

several hour period to allow the tracer to equilibrate completely with body fluids, can be used to 

quantify TBW through infrared spectrophotometric analysis (Ott et al., 1993) or isotopic ratio mass 

spectrometry analysis (Coplen and Harper, 1994) of plasma or urine samples. TB\1/ is calculated 

through Utilization of the relationship: Cl V 1 = C2 V 2• where Cl is the initial COncentration of the tracer 

in a known volume of water, C2 is the final concentration oftracer in the urine sample taken, and V2 

is the calculated volume ofTBW (Schoeller, 1996). The precision and accuracy of this method has 

been demonstrated to be I to 2% when standard procedures are followed as recommended by 

Schoeller (1996). 

To measure ECW, either the radioactive isotope tracer ~a or sodium bromide can be used. 

The use of ~a provides a criterion measure of ECW and through the exchangeable 

sodium/potassium ratio (Na./Ke) provides an indirect measure of total body potassium which is used 

to estimate BCM (Shizgal, 1990). This requires the assumption that potassium content ofBCM is 

constant, which reduces the applicability ofthis method in diseased populations. An additional 

drawback to this method is the exposure to ionizing radiation through the use of the radioactive 

tracer 22Na. Alternatively, sodium bromide is a salt which is present at low levels in the human body 

and has chemical properties very similar to sodium chloride. It can be used as a tracer to measure 

ECW, and does not involve exposure to radiation, does not require specialized equipment or 

technical personnel to administer, and has the added benefit ofbeing very low cost (Schoeller, 1996). 

When a tracer dose is administered orally or intravenously, it equilibrates within several hours with 

all the extracellular fluids in the body. A pre-dose plasma sample is taken, and then 3 h after dosing, 

a second blood sample is taken. The plasma sample is then analyzed for sodium bromide 
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concentration using high performance liquid chromatography (Miller and Cappon, 1984; Wong et 

al., 1989). According to Schoeller ( 1996), the bromide dilution space (N8,) is calculated from the 

following equation: 

Nsr = CWA/a)(S,- SJ£1 

ss- sp 

"where W is the mass of water used to dilute the dose, A is the mass of bromide administered to the 

subject, a is the mass of dose used to make the diluted dose, S0 is the concentration of bromide in 

the diluted dose, S, is the concentration of bromide in the water used to make the diluted dose, S.. is 

the concentration of bromide in the plasma sample, and SP is the concentration of bromide in the 

pre-dose plasma sample". This bromide dilution space provides an overestimate ofECW because 

of the Gibbs-Donnan effect on the concentration of bromide in various extracellular fluids, and due 

to the penetration of bromide into erythrocytes, leukocytes, and some cells of the gastric mucosa and 

testes. Therefore, ECW is calculated from the formula: ECW = N8.(c2 c3), where c2 is the 

Gibbs-Donnan correction factor, generally considered to be 0.95, and c3 is the intracellular 

correction, which is estimated to be 0.90 (Miller, Cosgriff and Forbes, 1989). The analytical 

precision of the NaBr measurements by this technique is approximately 2% (Miller and Cappon, 

1984 ). A recent study compared several criterion methods for measuring ECW in a sample of HlV-

infected individuals, with the conclusion that bromide dilution provided good estimates of ECW 

(Kim et al., 1999). 

In the current study, the combination of two criterion methods, deuterium dilution and 

bromide dilution, was used to measure TBW and ECW, respectively. The combination of these 

dilution methods provides an estimate of BCM by deriving ICW from measurements ofTBW and 

ECW, and from ICW deriving BCM using the assumption that cells are comprised of 70% water 
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(Moore and Boyden, 1963 ). One of the aims of the current study was to use these criterion methods 

to validate BIS as a field method that can measure BCM in IllY-infected individuals. The 

application of BIS to the clinical setting would allow for early identification and monitoring of 

patients at risk for BCM depletion, and would allow more accurate evaluation of the effectiveness 

of intervention strategies for malnutrition in IllV infection. Given the notion that BCM is the target 

towards which all nutritional interventions in HIV infection should be aimed, it is of critical 

importance to identify a valid field method which can be used to assess BCM in clinical trials. 

Quality of Life Assessment 

More effective treatment strategies have allowed people with mv infection to remain 

healthy for longer periods oftime; however, the inevitable progressive dysfunction of the immune 

system is accompanied by a gradual physical and functional decline which can significantly impact 

quality of life (Kotler, 1997). Quality of life, or health-related quality of life as it is often termed, 

is a concept that encompasses several dimensions, and has been defined as "an individual's 

subjective experience of the impact of illness and treatment upon physical, psychological, social and 

functional well-being" (Cella et al., 1996). Functional status may be reflected by a person's ability 

to perform self-care activities, physical activity, work or household activities, and can be adversely 

affected by the presence and intensity of disease and treatment-related symptoms (Ganz et al., 1993 ). 

HIV infection is one of the most catastrophic illnesses, and impacts every aspect of an infected 

individual's life. The physical effects of the disease, either as a direct result of the virus or as a 

secondary effect of treatment, may include chronic gastrointestinal dysfunction such as nausea, 

vomiting, and diarrhea, persistent fatigue, and weight loss. The physical decline which occurs as 

the disease progresses causes most individuals to significantly limit both social and work activities, 
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and most are ultimately forced to quit their jobs and seek out assistance with even the most basic 

household and personal care activities (Cella et al., 1996). In addition, the psycho logical burden of 

mv infection can be enormous, leading to depression, anxiety, guilt, anger, and fear. It seems 

logical that any treatment strategy aimed at prolonging the life of an IllV -infected individual should 

not only be evaluated for its ability to produce the desired clinical effect, but also for its impact, 

positive or negative, on quality of life. 

While the concept of evaluating the impact of any clinical intervention on health-related 

quality of life has been gaining recognition as an important addition to a clinical trial, few studies 

ofHIV patients have included quality oflife assessment in their protocols. This may be due to the 

fact that, although there are many different health-related quality of life instruments, there has not 

been a consensus on the best way to assess quality oflife (Tsevat, 1994). Furthermore, historically 

there have been very few instruments available which address the specific issues relating to HIV 

infection. Many of the instruments which have been used in HIV clinical trials were developed for 

general applications or for use in the cancer population, including the Quality of Well-Being (QWB) 

Scale, Medical Outcomes Study (MOS) General Health Survey, the Sickness Impact Profile (SIP), 

and the Karnofsky Performance Status scale (Hays and Shapiro, 1992). The MOS health rating 

scales have been modified by adding IDV-specific items, creating the MOS-HIV short-form health 

survey, and the AIDS Health Assessment Questionnaire (AIDS-HAQ) (Wu et al., 1991; Lubeck and 

Fries, 1992; Lubeck and Fries, 1993; Cella et al., 1996). The HIV Overview ofProblems-Evaluation 

System (HOPES) is an instrument that was adapted from the Cancer Rehabilitation Evaluation 

System (CARES), and has been positively evaluated as a tool for assessing quality of life in HIV 

patients; however, it is very lengthy, with a total of 165 items, making it impractical for most 

research applications (Ganz et al., 1993). The majority ofthese scales have been criticized for being 



60 

either too generic, too lengthy, or not comprehensive enough to provide a balanced assessment of 

the multidimensional issue of quality oflife in IllV infection. The Kamofsky Performance Status 

(KPS) scale is a simple measure of functional status, and differs from other instruments in that it is 

not a self-assessment tool, depending instead on physician-assigned 'health status' scores. The KPS 

has been validated for use in mv infected individuals, and has been included in many HIV studies 

as a simple, but valid measure of global health status and overall functional status (O'Dell et al., 

1995). 

Cella et al. (1996) have developed an IllV -specific questionnaire called the Functional 

Assessment of Human Immunodeficiency Virus Infection (F AID) quality of life instrument, which 

was derived from a core questionnaire that has been validated and used in the cancer population (the 

Functional Assessment of Cancer Therapy - General (FACT-G). The FAID includes a 

comprehensive battery of items, including subscales assessing physical, social, emotional, and 

functional status which can stand alone as subscales for specific domains, and can be included in an 

overall score for global assessment. Additional advantages are that the F AID is relatively brief ( 44 

items) and easy to complete compared with other instruments. Also derived from the FACT-G is 

the Functional Assessment of Anorexia/Cachexia Therapy (F AACT), which has been modified to 

address HIV-specific concerns affecting appetite and food intake. Since the first validation study 

was published in 1996, Cella and associates have conducted further validation studies which are 

ongoing, and which have yet to be published (personal communication, Cella and Webster). 

Although the F AHI appears to be an excellent quality of life instrument, with good internal 

consistency/reliability (Cronbach's coefficient a = 0.82 - 0.86), it has only been used in one 

published clinical intervention trial in HIV patients (Timpone et al., 1997). 
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Given that many of the symptoms associated with HIV infection and AIDS can adversely 

impact nutritional status and body weight, it seems particularly important that studies evaluating 

interventions aimed at improving nutritional status should also be evaluated for their impact on 

quality of life parameters. While an intervention which can cause repletion of lost body weight 

intuitively might be thought to also cause an improvement in quality of life, this relationship cannot 

be assumed, but rather should be comprehensively evaluated with an HIV-specific, validated 

instrument such as the F AHI. 

The Current Studv 

The current study is unique in several aspects. First, there have been no trials to date that 

have assessed body composition changes (particularly BCM) by criterion methods in HIV patients 

receiving oxandrolone therapy for weight loss. Oxandrolone has been studied in several other 

patient populations in addition to HIV infection, and has been shown to promote gains in BCM, 

although none of these studies have used criterion methods. This is also true of the few studies 

conducted to date on the effects of appetite stimulants and other therapies on changes in body 

composition. Specifically, these studies have utilized single-frequency BIA, which is a method with 

questionable validity for use in HIV -infected individuals at variable disease stages. Second, the use 

ofBIS as a field and clinical method to assess BCM has not been evaluated using criterion methods. 

Third, no published studies have assessed the effects of dietary intake and exercise level on BCM 

measured by criterion methods. Finally, this was one of the first studies to utilize the comprehensive 

F AHI quality of life instrument to evaluate the relationship between change in BCM and quality of 

life. The long-range objectives of this study were to establish the link between increased BCM and 

quality of life parameters, to identify ways to optimize BCM maintenance and/or gains, and to 
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validate a better field method for early monitoring of BCM in the clinical setting. Overall, the 

long-term benefits of the current study include the development of more effective preventive and 

intervention strategies for the weight loss and pathological changes in body composition which are 

frequently seen in HIV -infected individuals. Given that loss of BCM is strongly correlated with 

timing of death from AIDS, and given the relationship between loss of body weight and malnutrition 

and progression from I-llY to AIDS, it would be of great significance to identify ways to prevent that 

loss and thereby delay progression of disease. Furthermore, optimization of BCM and body weight 

may not only improve clinical status, but also quality oflife and sense of well-being in patients with 

HIV and AIDS. 
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CHAPTER3 

BODY CELL MASS AND BODY WEIGHT INCREASE IN HIV-Thi'FECTED 

INDIVIDUALS RECEIVING OXANDROLONE AND NUTRITIONAL INTERVENTION 

Introduction 

Human immunodeficiency virus (HIV) is a retrovirus that adversely affects the immune 

system, specifically targeting and depleting the T -helper lymphocytes, characterized by the presence 

of the CD4 cell surface marker, ultimately leading to the development of acquired immunodeficiency 

syndrome (AIDS) (Stine, 1996). Weight loss and malnutrition are common in mv infection, and 

are thought to contribute to immune dysfunction and the progression to clinical AIDS (Babameto 

and Kotler, 1997). It is estimated that 50 to 90% ofHIV-infected individuals will develop some 

form of malnutrition during the course of their disease (Fields-Gardner, 1995; Babameto and Kotler, 

1997). Malnutrition and weight loss are strong predictors of survival, independent of CD4• count 

(Guenteretal, 1993; Palenicek et al, 1995; Siittmann eta!, 1995); even minimal weight Joss has been 

associated with increased morbidity and mortality. In one recent report involving 2,382 HIV

infected individuals participating in four intervention studies, as little as 5% weight loss from usual 

body weight over 4 mo was associated with an increased risk for mortality and opportunistic 

infections (Wheeler et al, 1998). 

Although weight loss is often used as a criterion for assessing nutritional status and has been 

shown to correlate with morbidity and mortality in IDV infection, change in body composition may 

be a more potent indicator of nutritional and clinical status. Specifically, loss of body cell mass 

(BCM) has been most strongly correlated to timing of death from AIDS (Kotler et al., 1989a; 

Babameto and Kotler, 1997). In fact, BCM depletion has been observed to precede overt weight loss 
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even in the early stages of fllV infection (Ott et al., 1993 ), and a critical level of BCM must be 

maintained for survival (Kotler et al., 1989). 

BCM is a valuable clinical outcome parameter and an ideal standard by which to assess 

nutritional status, because its assessment provides a measure of total body protein and metabolically 

active, functional tissue (Shizgal, 1990). The classic definition ofBCM as put forth by Moore and 

Boyden (1963) is 'that component of body composition containing the oxygen-exchanging, 

potassium-rich, glucose-oxidizing, work-performing tissue'. BCM can be measured by several 

different criterion methods, including neutron activation analysis, total body potassium counting, and 

the multiple dilution technique (Howell, 1998). Because intracellular water (ICW) most closely 

approximates the BCM, it is possible to derive BCM from an accurate measure ofiCW obtained by 

a criterion method such as the multiple dilution technique (Shizgal, 1990). The combination of 

deuterium dilution to measure total body water (TBW) and bromide dilution to measure extracellular 

water (ECW) comprises the multiple dilution technique, and allows for determination of ICW by 

subtraction (TBW- ECW = ICW) (Schoeller, 1996). Determination ofiCW in this way provides 

a sensitive measure of BCM through the assumption that cells contain 70% water, and that the 

relationship between protein and ICW remains relatively constant (Moore and Boyden, I 963; James 

et al., 1984; Beddoe et al., 1985). In this study, the multiple dilution technique is used to provide 

valid estimates ofBCM in a population offllV -infected individuals receiving treatment for weight 

loss. 

The focus of HIV -related research has begun to tum toward the investigation of supportive 

therapies, including interventions aimed at improving nutritional status. Both nutritional and 

pharmacologic intervention strategies for weight loss and malnutrition in HIV infection have been 

investigated (Stosor and Von Roenn, 1997; Balog et al., 1998; Wanke, I 998). Nutritional 
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intervention strategies are recommended by registered dietitians, and involve dietary manipulation 

to maximize caloric intake such as small frequent meals with inclusion of high-calorie, nutrient

dense foods, restriction of lactose or fat when deemed necessary to minimize side effects of 

opportunistic infections and/or medication regimens, and the use of oral nutrition supplements, with 

either general or disease-specific formulations. If oral intake is deemed inadequate to meet nutrient 

needs, enteral or parenteral support may be necessary depending on gastrointestinal function and 

other clinical issues (Fields-Gardner, 1995). There have been a number of studies investigating the 

efficacy of oral supplementation (Chlebowski et al., 1989; 1993; McKinley et al., 1994; Hoh et al., 

1998; Pi chard et al., 1998; Williams et al., 1998), enteral nutrition support (Kotler et al., 1991; 

Ockenga et al., 1996), and parenteral nutrition support (Kotler et al., 1990a) to reverse weight loss 

in HIV infection. Many of these strategies have been shown to promote weight gain; however, in 

those studies that have assessed body composition, this weight gain has frequently been 

demonstrated to be primarily in the body fat, not lean, compartment. This reinforces the notion that 

it is far more difficult to replete BCM once it is lost than it is to prevent its loss in the first place 

(Babameto and Kotler, 1997). The common denominator in all of these nutritional intervention 

studies seems to be that if there is an underlying systemic infection that is left untreated, nutrition 

support is not effective to promote repletion of BCM. 

Pharmacologic interventions that have been studied can be grouped into two general 

categories: appetite stimulants and anabolic agents. Dronabinol and megestrol acetate are the two 

main pharmacologic agents which have been approved to promoteweightgain by increasing appetite 

in HIV-infected individuals. Dronabinol has not proven to be effective at reversing weight loss or 

repleting BCM (Struwe et al., 1993; Beal et al., 1995), and has been associated with unpleasant side 

effects, including sedation, dizziness, and confused thinking (Rosen, 1995; Stosor and Von Roenn, 
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1997). Megestrol acetate has been shown to promote weight gain and increase perceived well-being 

and appetite in ffiV-infected individuals with a history of weight loss; however, the weight gained 

has been demonstrated to be primarily body fat (Oster et al., 1994; Von Roenn et al., 1994). The 

most promising pharmacologic agents for weight loss in IDV infection are anabolic agents, which 

have been investigated for their potential to promote BCM gain. 

Several anabolic agents have been investigated for the treatment of wasting in IDV infection, 

including recombinant growth hormone therapy, oxymetholone, and oxandrolone. Recombinant 

growth hormone therapy has been proven to be effective at repleting BCM in some individuals 

(Krentz et al., 1993; Mulligan et al., 1993; 1998; Schambelan et al., 1996; Waters et al., 1996); 

however, it is prohibitively expensive. Oxymetholone and oxandrolone are two modified androgens 

which have been developed with the aim to create an agent which has all of the anabolic activity of 

testosterone but little of the androgenic activity; additionally, they may be orally rather than 

intravenously administered (Vida, 1969; Kopera, 1985). Oxymetholone is an orally administered 

testosterone derivative that has been investigated for promoting weight gain in mv patients, 

although its primary indications are for the management of aplastic anemia and antithrombin III 

deficiency. Oxymetholone was demonstrated to promote weight gain in AIDS patients with cachexia 

in a small pilot study; however, body composition was not assessed (Hengge et al., 1996), and it still 

does not have FDA approval for treatment offfiV -associated weight loss (Hengge and Brockmeyer, 

1995). 

Alternatively, oxandrolone is an orally administered testosterone derivative which was 

approved by the FDA more than 30 years ago "as adjunctive therapy to promote weight gain after 

weight loss following extensive surgery, chronic infections, or severe trauma, and in some patients 

who without definite pathophysiologic reasons fail to gain or to maintain normal weight" (Berger 
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et al., 1996). Oxandrolone has several benefits over other anabolic steroids, including its reported 

anabolic:androgenic ratio of6 to 13 times that of methyltestosterone, minimal masculinizing effects, 

and well-demonstrated safety profile (Vida, 1969; Berger et al., 1996; Stosor and Von Roenn, 1998). 

It also has positive pharrnacokinetic properties, including that it is rapidly and nearly completely 

absorbed, it has a longer half-life, and it undergoes very little hepatic metabolism (Karim et al., 

1973). 

Oxandrolone has been used successfully to treat growth failure (Turner's Syndrome) in 

children (Schroor et al., 1995), and to treat protein-energy malnutrition in alcoholic liver disease 

(Bonkovsky et al., 1991a,b; Mendenhall et al., 1993; 1995). Oxandrolone has also been shown to 

significantly increase body weight after bum injury (Demling and DeSanti, 1997). There has been 

only one published randomized, placebo-controlled trial on the effects of oxandrolone in HIV 

infection; this study demonstrated that oxandrolone is effective in promoting weight gain in HIV

infected individuals with a history of weight loss (Berger et al., 1996). There have been several 

reports in abstract form of the efficacy of oxandrolone to promote weight gain and BCM repletion 

in HIV infection (Fisher and Abbaticola, 1997; 1998; Pharo et al., 1997; Poles et al., 1997; Wheeler 

et al., 1998), including one report of the combined effects of oxandrolone and resistance exercise 

(Strawford et al., 1998). None of these studies used criterion methods for measuring BCM; they 

relied instead on single-frequency bioelectrical impedance analysis (BIA), a method with 

questionable validity for individuals with HIV infection. 

The shift towards outcomes research and evaluation of therapies in terms of clinically 

relevant endpoints has been an important influence on the development of the current study. BCM 

is an excellent clinical outcome parameter by which to assess nutritional status because it reflects 

the oxygen-consuming, work-producing, functional tissue of the body. Although body composition 
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and specifically, BCM, assessment has gained attention for its potential to provide critically 

important information regarding nutritional status, the majority of intervention strategies for 

malnutrition in HIV infection have been aimed at reversing weight loss. Furthermore, they have not 

assessed BCM using valid methodologies. 

The overall aim of this study was to identify an effective strategy or combination of 

strategies for reversing malnutrition in HIV infection. Given that nutritional intervention strategies 

have had limited success in reversing weight loss and repleting BCM in HIV infection, it was 

hypothesized that a combination strategy including both nutritional management and an anabolic 

agent might be more successful. The current study was conducted to answer the following questions. 

First, would both body weight and BCM significantly increase in HIV -infected individuals receiving 

oxandrolone therapy and comprehensive nutritional management over 4 mo? Second, would level 

of exercise, nutritional intervention, or oxandrolone therapy contribute independently to changes in 

body weight and BCM? Third, would resting energy expenditure (REE) increase with an increase 

in BCM? Finally, would there be differences in outcomes between individuals who were and were 

not significantly underweight (current weight !> 85% of ideal body weight) at baseline? It was 

hypothesized that BCM and body weight would significantly increase in HIV-infected individuals 

receiving oxandrolone therapy and comprehensive nutritional management over 4 mo. It was also 

hypothesized that oxandrolone therapy, nutritional intervention, and level of exercise would 

contribute independently to gains in BCM a."td body weight; and that an increase in REE would be 

positively associated with an increase in BCM. 
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Methods 

Study Design 

This research was a prospective, descriptive study over a 4-mo period of HIV -infected 

individuals who were undergoing treatment for weight loss with the anabolic steroid, oxandrolone 

(Oxandrin®, BTG Pharmaceuticals, Iselin, NJ) in conjunction with comprehensive nutritional 

management. Body water measurements were taken in order to evaluate BCM prior to initiating 

treatment (baseline) and at study conclusion (Fig. 3.1). Time on study averaged 18.6 wk; only 4 

subjects deviated markedly from this mean, with final measurements at 6, 28, 35 or 40 wk. 

Subjects 

Subjects were recruited from an outpatient clinic with a population of approximately 600 

HIV -infected patients. Any individual over age 18 years of age with a history of weight loss, who 

was receiving standard antiretroviral therapy, and whose primary care physician prescribed 

oxandrolone therapy, was recruited to participate in this study. Any male with prostate cancer, any 

pregnant or lactating female, and anyone with renal disease, hepatic disease, severe dementia, history 

of medication noncompliance, or poor functional status was excluded from the study. Thirty-one 

subjects underwent baseline assessment, after which six individuals dropped from the study, 

constituting a 19% attrition rate. Twenty-five subjects (24 male, 1 female) between the ages of27 

and 56 y, with a mean age of 40.9 ± 7.2 y completed this study. Ethnic distribution of the subject 

population was 64% Caucasian, 24% Hispanic, and 12% African-American. Of these, 24 subjects 

(23 male, 1 female) were maintained on an oxandrolone dose of20 mg/d, while one subject's dose 

was reduced to I 0 mgld after I mo. Fifteen subjects had an AIDS diagnosis, all subjects were on 
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combination antiretroviral therapy, and 19 subjects were taking protease inhibitors. The mean serum 

albumin level was 4.2 ± 0.4 mg/dl and the mean CD4+ T-cell count was 319 ± 186 cells/mm3 for the 

subjects at baseline. Twelve subjects had lost at least 10% oftheir usual body weight in the 6 to 12 

rna prior to the start of the study. The mean height of the subjects was 174.9 ± 6.2 em. Additionally, 

approximately half of the subjects were significantly underweight (defined as ~ 85% of ideal body 

weight, compared to NHANES II data(Frisancho, 1990). For the purposes of analysis, the subjects 

were divided into two subgroups based on percentage of ideal body weight (IBW) at baseline. 

The significantly underweight group was comprised of 12 males with a mean age of 41.2 

± 6.8 y, and a mean height of 173.7 ± 7.3 em. Five of the 12 underweight subjects were 

hypermetabolic at baseline, defined as a measured REE ~I 0% above predicted basal energy 

expenditure (BEE), estimated by the Harris-Benedict ( 1919) equation. Eight of the 12 underweight 

subjects were taking protease inhibitors as part of their antiretroviral therapy, and seven subjects had 

a diagnosis of AIDS. 

The more normal weight group consisted ofl2 males and 1 female, with a mean age of40.7 

± 7.8 y, and a mean height of 176.1 ± 4.9 em. Seven of the 12 subjects were hypermetabolic at 

baseline. Eleven ofthe 13 subjects were on protease inhibitors, and eight subjects had an AIDS 

diagnosis. The mean CD4. T-cell count and the mean serum albumin level of each of the subgroups 

were similar to the mean levels of the overall group. 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). 
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Procedures 

Subjects came to the Metabolic Monitoring Laboratory at The University of Arizona for 

measurements before initiation of treatment for weight loss and at the conclusion of the study. 

Subjects were instructed to abstain from vigorous exercise for at least 12 h, and to abstain from 

alcohol and caffeine consumption for 48 h prior to assessment. Subjects reported to the laboratory 

on test days in the morning, after an 8 - 12 h fast. 

Anthropometric assessment. During each visit, body weight (Wt) was measured to the 

nearest 0.05 kg with a digital platform scale (Kubota model K-1 0-3 OOL-A, Chugai Boyeki (America) 

Corp., Commack, NY). Subjects were instructed to wear the same lightweight clothing at each visit. 

Standing height (Ht) was measured to the nearest I mm with a stadiometer (Narragansett Machine 

Co., Providence, RI). 

Body water volumes determination. Criterion estimates ofTBW and ECW were derived 

from deuterium eH) and bromide dilution, respectively. While still in a fasted state and after 

baseline urine and venous blood samples were collected, subjects were given a weighed dose of 

deuterium oxide eH20; 99.8 atom%; Isotec Inc., Miamisburg, OH) equivalent to 0.15 glkg TBW. 

In order to calculate the dose, an estimate ofTBW was obtained by single-frequency bioelectrical 

impedance analysis using the Kushner et al. (1992) equation. Immediately afterward the subjects 

drank a measured dose of a sodium bromide (NaBr; Sigma, St. Louis, MO) solution, providing 1.0 

ml of3% (w/v) solution per kg body weight. Dose solutions were administered from paper cups and 

followed by a 30 ml wash with deionized, distilled water A 3-h equilibration period, during which 

subjects did not ingest anything, was allowed for ECW determination by bromide dilution. A second 

blood sample was drawn at 3 h post-bromide dosing and a light snack was provided immediately 

after the second blood draw. At 5 and 6 h after dosing with !H20, urine samples were collected for 
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TBW determination by 2H dilution. Blood samples were collected in 10 ml tiger-top vacutainer 

tubes and centrifuged at3000 rpm for20 min to separate serum. Two, 2.5-ml aliquots of each serum 

sample and three, 5-ml aliquots of each urine sample were stored frozen at -80°C in airtight 

cryogenic vials until analysis. 

Frozen urine samples, diluted dose (1:5, w/w) and tap water were packed on dry ice in a 

sealed, insulated biomailer, shipped overnight, and analyzed for 2H enrichment by the NIDDKD 

laboratory in Phoenix, AZ. After treatment with activated charcoal, enrichment of 2H was 

determined using an isotope ratio mass spectrometer (model Delta S; Finnigan MAT GmbH, 

Bremen, Germany) and hydrogen equilibration with Pt catalyst (250 J..Lm diameter of3% by weight 

Pt beads, Shoko Co. Ltd, Minatoku, Tokyo 105, Japan), as described by Coplen and Harper (1994). 

The reproducibility of this method is superior to the zinc reduction method. With 28 runs, the 841 

8%o standard measured 840.1 ± 1.86 8%o and the -73 8%o standard measured -72.92 ± 1.41 8%o. 

Appropriate dilutions of the doses were also used as internal controls. Stock dose solution was 

prepared twice during the study; dose I was measured as 759.88 ± 1.11 8%o (n = 20) and dose 2A 

was 733.5 ± 1.36 8%o (n = 21 ). TBW was calculated as described by Schoeller et al. (1980). 

Frozen serum samples were shipped overnight to the Pennington Biomedical Research 

Center, Baton Rouge, LA for bromide analysis. Serum bromide enrichment was determined by the 

high-performance liquid chromatography (HPLC) method of Miller and Cappon (1984) using an 

HPLC (model I 090M; Hewlett Packard, Palo Alto, CA) equipped with autosampler and diode array 

detector. The analytical precision ofthe NaBrmeasurements by this technique is approximately 2% 

(Miller and Cappon, 1984); the CV for the assay was approximately 5%. ECW was calculated using 
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a correction of 10% for nonextracellular distribution and 5% for Donnan equilibration (Miller et al., 

1989). ICW was estimated as the difference between TBW and ECW. 

Body cell mass determination. Body cell mass (BCM) was estimated from ICW measured 

by dilution (liters TBW by deuterium dilution -liters ECW by bromide dilution= liters ICW/0.9937 

=kg ICW), using the following equation: kg BCM =kg ICW/0.70. This is based on the assumption 

that cells are comprised of70% water (Moore and Boyden, 1963; Beddoe et al., 1985). 

Resting energy expenditure measurement. At each visit to the Metabolic Monitoring 

Laboratory, resting energy expenditure (REE) was measured by indirect calorimetry using an open

circuit indirect calorimeter (Deltatrac ™ MBM-1 00, SensorMedics, Yorba Linda, CA) while subjects 

were still in a fasted state, and after dosing with deuterium oxide and sodium bromide. Instrument 

calibration was performed before each REE measurement. Standardized measurement procedures 

were followed as outlined by Feurer and Mullen (1986). For 30 min prior to, and throughout the 

REE measurement, subjects rested in a supine position with no voluntary skeletal muscle activity. 

A 5-min period of"steady state" or equilibration, defined by a coefficient of variation ~ 5% for both 

oxygen consumption (VO:J and carbon dioxide production (VCO:J, was required before V02 and 

VC02 data were averaged from a IS-min period to derive REE. REE was derived via the Weir 

(1949) equation: REE = [3.941 (V02) + 1.106 (VCOJ]l.44- 2.17 (TUN); where REE =resting 

energy expenditure in kcal/d, vo2 = oxygen consumption (mllmin), vco2 = carbon dioxide 

production (mllmin), and TUN =total urinary nitrogen (gld). Subjects collected urine over a 24-h 

period for Tl.JN quantification twice during the study, during the week prior to baseline assessment 

and prior to final assessment. 

Nutritional assessment. Each subject underwent a complete nutritional assessment at the 

time of baseline measurements. A complete nutritional history was taken, including detailed 
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information regarding current and previous use of vitamin and mineral supplements and calorie 

and/or protein supplements, and investigation into the current or recent presence of clinical 

symptoms which might interfere with food intake or absorption. A weight history was taken through 

review of the medical record and patient interview. Current weight was evaluated by comparison 

to premorbid weight and weight taken I -6 mo prior to date of assessment, if available. Medications 

were noted and reviewed for drug-nutrient interactions and nutritional implications. Follow-up 

nutritional care was provided on a monthly basis to evaluate the efficacy of previous nutritional care 

plans, to identify any new nutritional problems, and to assist the subject with any symptoms which 

might be interfering with intake and/or absorption. Liquid nutritional supplements (depending on 

taste preference and donated sample availability: Ensure and Ensure Plus, Ross Products Division, 

Abbott Laboratories, Columbus, OH; Boost and Sustacal, Mead Johnson and Company, Evansville, 

IN) and/or protein powder (Optimune™, Optim Nutrition, Salt Lake City, UT) was provided as 

needed to individuals who reported difficulties maintaining an adequate kcal and/or protein intake, 

with "adequate" defined as estimated intake meeting at least 90% of assessed requirements. 

Dietary intake evaluation. Nutrient intake was assessed by dietary records kept on 3 

randomly assigned days during the month prior to each visit to the Metabolic Monitoring Laboratory. 

Of primary interest was the dietary protein and kcal content. Prior to baseline measurement, subjects 

were instructed on how to keep the dietary records, including detailed instructions on how to 

estimate the amount of food eaten. Subjects were encouraged to actually measure foods eaten using 

measuring spoons and cups whenever possible. Dietary records were reviewed at each measurement 

visit and analyzed later for nutrient content using the Minnesota Nutrient Data System. 

Physical activity assessment. A brief self-administered physical activity questionnaire 

(Appendix B; Paffenbarger et al., 1993) was utilized at each measurement visit to evaluate the 
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activity levels during the previous month, targeting activities of daily living and both aerobic and 

resistance exercise. This information was supplemented by brief individual interviews. Level of 

exercise was coded from the subjective information provided using a 4-point scale with the 

following values: 0 = no exercise; 1 = minimal exercise, defined as cardiovascular exercise or 

resistance training less than 60 min cumulative per wk; 2 = moderate exercise, defined as 

cardiovascular exercise or resistance training for 60 to 90 min cumulative per wk; and 3 =heavy 

exercise, defined as cardiovascular exercise or resistance training for more than 90 min cumulative 

per wk. 

Data analysis. Statistical analyses were obtained using the SPSS for Windows, version 8.0 

software (SPSS Inc., Chicago, IL). Hierarchical regression analyses were used to evaluate the 

relative contribution of nutritional intervention (reflected by change in kcal and protein intake), level 

of exercise, and days on oxandrolone to changes in body weight and BCM from baseline to study 

conclusion. Because all subjects were on oxandrolone, the number of days on oxandrolone was used 

as the independent variable for the regression analyses. The Pearson's product moment correlation 

(r) was used to evaluate the relationship between BCM and REE. Repeated measures ANOV A was 

used to analyze differences in body water volumes, BCM, REE, body weight, and energy and protein 

intake from baseline to study conclusion. Two-way ANOV A was used to analyze differences in 

outcome measures between individuals who were and were not significantly underweight at baseline. 

Repeated measures ANOV A was used to analyze differences in outcome measures between baseline 

and study conclusion within each subgroup. 



77 

Results 

A comparison ofbaseline and concluding characteristics of the subjects are presented in 

Table 3 .1. Overall, individuals receiving oxandrolone therapy in conjunction with nutritional 

management exhibited a significant increase in body weight, TBW, ICW, BCM, and REE after a 

mean of 19.5 wk of treatment. As expected, ECW did not change. Body weight increased by an 

average of2.6 ± 3.0 kg, and BCM increased by an average of3.6 ± 3.0 kg. The increase in BCM 

was correlated with an increase in REE (r = 0.53, P = 0.007). Limited biochemical data were 

available beyond baseline assessment; however, of those individuals for whom serum albumin, 

serum cholesterol, and CD4 ... counts were available, no significant changes were noted from baseline 

to study conclusion. Nutritional intervention did not result in a significant increase in either energy 

or protein intake; however, energy and protein intake was maintained from baseline to study 

conclusion (Table 3.1). Change in protein intake and change in energy intake were significantly 

correlated (r= 0.71, P = 0.000). Change in protein intake was tested as a predictorofBCM change 

and change in kcal intake was tested as a predictor of body weight change in multiple regression 

procedures. General rules guiding the use of regression analysis dictate that a ratio of subjects to 

predictor variables entered be no greater than I 0:1; therefore, only three variables, level of exercise, 

change in protein or kcal intake, and baseline BCM were tested as predictors of change in BCM or 

body weight. The number of days on oxandrolone was not used as a predictor variable in regression 

procedures, because the normality and homogeneity of variance assumptions were violated. Neither 

level of exercise nor change in kcal or protein intake were significantly correlated with change in 

BCM or body weight, and thus, neither could be identified as a significant independent predictor of 

changes in BCM or body weight. The significant finding as a result of regression analyses was that 
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Table 3.1 Coml!.arison o[earameters from baseline' to stud}!_ conclusion 

n Baseline Study Conclusion F P value 

Weight, kg 25 67.90 ±9.50 70.49 ± 9.72 18.95 0.000 

BCM,kg 25 32.18 ± 4.65 35.83 ± 5.40 37.23 0.000 

TBW, I 25 39.59 ±4.29 42.36 ± 5.35 31.07 0.000 

ECW, I 25 17.21 ±226 17.43 ±2.68 0.86 0.363 

ICW, I 25 22.38 ± 3.23 24.92 ± 3.76 37.23 0.000 

REE, kcal/d 25 1757±205 1882 ± 223 15.22 0.001 

Protein intake (gld) 22 94.8 ±26.3 101.1 ± 34.8 0.92 0.349 

Kcal intake (kcal/d) 22 2484±694 2504± 738 0.01 0.914 
1Baseline =prior to initiation of nutritional management and oxandrolone therapy. Values 

are means± SD. BCM, body cell mass; TBW, total body water criterion determined by 
deuterium dilution; ECW, extracellular water criterion determined by bromide dilution; ICW, 
intracellular water criterion estimated as TBW -ECW; REE, resting energy expenditure. 
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baseline BCM was negatively correlated (r = -0.61, P = 0.001) with change in body weight, but not 

change in BCM. 

Comparisons between individuals who were and were not significantly underweight, using 

the two-way ANOVA method yielded several interesting results (Table 3.2). It is noteworthy that 

underweight subjects were lower in BCM, REE, and all body water compartments than more healthy 

weight subjects at baseline and study conclusion. The increases in body weight, BCM, TBW, ICW, 

and REE observed in the overall group (Table 3.1) remained significant within each subgroup of 

subjects (Table 3.2). Change in body weight was similar in magnitude between the two subgroups 

(P = 0.55); however, individuals who were above 85% ofiBW trended toward an increase in BCM 

more than two times that observed in significantly underweight subjects (P = 0.062; Table 3.3). 

Furthermore, paired samples t-tests revealed that among those who were above 85% of IBW, the 

increase in BCM was twice the magnitude of the increase in body weight (P = 0.002), whereas in 

underweight individuals, weight and BCM changed similarly. 

In order to make a more meaningful comparison of nutrient intake between the two 

subgroups, changes in protein and energy intake per kg body weight and percent change in protein 

and energy intake (calculated by the general equation: [(intake at study conclusion- intake at 

baseline )/intake at baseline] x 1 00) were computed (Table 3 .3). There were no differences between 

the subgroups when comparing changes in protein intake expressed as raw values, as percent change, 

or on a per kg body weight basis. The only difference between the subgroups was that underweight 

individuals reported a significantly greater caloric intake on a per kg body weight basis at study 

conclusion (P = 0.002). Additionally, there were no differences detected between subgroups in level 

of exercise or number of days on oxandrolone. To further elucidate differences between individuals 

who were significantly underweight and those who were not, percent change in BCM and body 
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Table 3 2 Comparison of parameters between underweight ( s 85% of ideal body weight) and normal 
weis_ht (> 85% o[Jdea/ body weig_ht) subLects at baseline1 and sturfx. conclusion 

Underweight Normal Weight 
F P value 

n= 12 n= 13 

Weight, kg 
Baseline 60.2±5.1 1 75.0± 6.5c 39.94 0.000 
Study Conclusion 63.2± 6.5b 77.3 ± 6.9d 27.84 0.000 

BCM, kg 
Baseline 29.9 ± 3.o• 34.3 ±5.oc 6.73 0.016 
Study Conclusion 32.4± 3.4b 39.0± 5.0d 14.29 0.001 

TBW,l 
Baseline 36.5 ±2.91 42.5±3.2c 23.62 0.000 
Study Conclusion 38.5 ± 3.6b 45.9±4.1d 23.25 0.000 

ECW,l 
Baseline 15.7± 1.5 18.6 ± 1.8 18.89 0.000 
Study Conclusion 15.9 ± 2.0 18.8 ± 2.5 9.87 0.005 

ICW,l 
Baseline 20.8 ± 2.1 1 23.8 ± 3.5c 6.73 0.016 
Study Conclusion 22.6 ±2.4b 27.1 ± 3.5d I4.29 0.001 

REE, kcal!d 
Baseline 1640 ± 2031 1865 ± 141C 10.44 0.004 
Study Conclusion 1748 ± 197b 2006 ± 170d 12.31 0.002 

Protein intake2
, gld 

Baseline 91.8 ± 28.2 97.8 ± 25.3 0.28 0.605 
Study Conclusion 101.3 ± 32.6 100.9 ± 38.5 0.00 0.982 

Grams protein/kg weighf 
Baseline 1.54 ± 0.46 1.30 ± 0.34 1.95 O.I78 
Study Conclusion 1.60±0.42 1.31 ± 0.50 2.07 0.166 

Kcal intake4
, kcal/d 

Baseline 2474 ±793 2493±619 0.00 0.951 
Study Conclusion 2760± 572 2248 ± 820 2.88 O.I05 

Kcal!kg weighrs 
Baseline 41.5 ± I3.7 33.1 ± 8.0 3.13 0.092 
Study Conclusion 43.9 ± 7.6 29.3 ± 11.4 I2.55 0.002 

1Baseline =prior to initiation of nutritional management and oxandrolone therapy. 
2

"
5Comparisons based on II subjects within each group for whom dietary data were available. Values 

are means± SD. Values for a parameter within one column with different superscript letters are statistically 
different, P s 0.05. BCM, body cell mass; TBW, total body water criterion determined by deuterium 
dilution; ECW, extracellular water criterion determined by bromide dilution; ICW, intracellular water 
criterion estimated as TBW -ECW; REE, resting energy expenditure. 



Table 3.3 Comparison of change1 
( .LI) in parameters between underweighr and norma/J 

wei£_ht subf.ects 

Underweight Normal Weight 
F P value 

n= I2 n= I3 

ll Weight, kg 3.0±3.7 2.2 ±2.2 0.37 0.55I 

ll Weight,% 4.9 ± 6.I 3.0± 3.0 1.05 0.3I6 

ll BCM, kg 2.5 ±3.3 4.7 ± 2.4 3.84 0.062 

llBCM,% 8.8 ± Il.7 I4.3 ±7.7 1.9I O.I80 

ll Protein intake, glkg weight4 0.05 ± 0.46 O.OI ± 0.39 0.05 0.828 

ll Protein intake5,% I5.0 ± 35.7 4.4±29.3 0.58 0.456 

ll Energy intake, kcal/kg weight6 2.3 ± I3.6 -3.8 ± Il.2 1.34 0.262 

ll Kcal intake7,% 20.I ± 37.4 -6.5 ±32.7 3.16 0.09I 
1Change from baseline to study conclusion. ::Underweight defined as s 85% of ideal body 

weight. 3Normal weight dermed as > 85% of ideal body weight. 4 
• 

7Comparisons based on II 
subjects within each group for whom dietary data were available. All values are expressed as 
means ± SD for change or percent change from pre- to post-treatment, where treatment = 
nutritional management plus oxandrolone therapy. Percent change was calculated using the 
following general equation: [(post-treatment value- pre-treatment value )/pre-treatment value] x 

100. ll Weight, change in body weight; A BCM, change in body cell mass; A Protein intake, 
change in g protein intake per kg body weight, calculated by the following equation: [(post
treatment g protein intake/post-treatment kg weight) - (pre-treatment g protein intake/pre
treatment kg weight)]; ll Energy intake/kg weight, change in kcal intake per kg body weight, 
calculated by the following equation: [(post-treatment kcal intake/post-treatment kg weight) -
(pre-treatment kcal intake/pre-treatment kg weight)]. 
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weight were computed using the following basic equation: [(study conclusion value - baseline 

value)/baseline value x 100], and compared by two-way ANOVA (Table 3.3). No statistical 

differences were found in BCM and body weight change expressed as percent change; however, a 

general trend was observed that underweight subjects gained proportionally more weight but less 

BCM than more normal weight subjects. 

Discussion 

The most important finding from this study is that HIV-infected individuals receiving 

oxandrolone therapy in conjunction with comprehensive nutritional management over a 4-mo period 

were observed to gain both body weight and BCM. Two other findings provide supportive evidence 

for the observed increase in BCM. First, the fact that TBW measured by deuterium dilution 

increased significantly and ECW by bromide dilution did not change reinforces the fact that there 

was a significant increase in ICW. Given the relationship between ICW and BCM, this implies a 

concurrent increase in BCM. Because the dilution method is widely accepted as a "gold standard" 

for measuring ICW and BCM in any population, the observed increase in BCM can be considered 

valid in this population ofHIV -infected individuals. Second, REE measured by indirect calorimetry 

increased significantly over the treatment period, and was strongly correlated with BCM change. 

Given that BCM is the metabolically active, oxygen-consuming, energy burning tissue of the human 

body, it was hypothesized that an increase in BCM would be accompanied by a corresponding 

increase in REE. This was indeed the case in the current study. These findings reinforce the 

importance of BCM as a clinical parameter for nutritional status, and confirm it as a marker for 

gauging the effectiveness of intervention strategies for weight loss. 
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This was the first study of individuals receiving oxandrolone that measured BCM using 

criterion methods. All previous studies that reported the effects of oxandrolone on BCM used 

single-frequency BIA, a method that may not be universally able to provide valid estimates ofBCM 

in HIV infection. Despite the differences in methods used to measure BCM, it is interesting to 

compare the findings from this study to other published reports. The average gain in BCM 

experienced by the subjects in this study (3 .6 ± 3.0 kg) was higher than the 2.2 kg average BCM gain 

reported by Fisher and Abbaticola (1998) for 21 individuals on oxandrolone after 4 mo, and was 

comparable to the nonsignificant average BCM gain of3.0 kg reported by Poles et al. (1997) for 21 

patients receiving 120 d of oxandrolone therapy. In addition, the average gain in body weight by 

subjects in this study was 2.6 ± 3.0 kg, compared to an average of 4.3 kg reported by Fisher and 

Abbaticola (1998) in clinically stable individuals with minimal weight loss, an average of 1.8 kg in 

individuals with AIDS Wasting Syndrome, reported by Berger et al. (1996), and a nonsignificant 

average of 7.3 kg in individuals with minimal weight loss, reported by Poles et al. (1997). 

The comparison of individuals who were and were not significantly underweight at baseline 

yielded some interesting differences. In reviewing these results, it is useful to examine both the 

absolute and proportional changes in BCM and body weight. Both groups exhibited a significant 

increase in body weight and BCM after treatment. Absolute weight gain was comparable between 

the two groups. However, significantly underweight individuals gained approximately half as much 

BCM as more normal weight subjects. These differences occurred under comparable conditions, 

given that there were no detectable differences in level of exercise, protein and kcal intake, and 

number of days on oxandrolone between the two groups. Paradoxically, individuals with lower 

baseline BCM gained more weight in absolute terms. In order to elucidate the differences between 
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the two groups, it was necessary to examine the proportional changes in BCM and body weight that 

occurred. 

Although comparison of BCM and body weight changes expressed as a percentage of 

baseline values were not statistically different between the two groups, given the small sample size 

and large variability in outcome measures, it is useful to look at the results to observe basic trends. 

While absolute weight gain was not different between the two groups, percentage weight gain was 

of greater magnitude among underweight subjects. Interestingly, BCM gain remained at half the 

magnitude in underweight subjects than in more normal weight subjects when considered on a 

percentage change basis. Based on these results, it seems that underweight individuals who are also 

considered malnourished may gain proportionally more body weight than their more healthy weight 

counterparts; however, they may have more difficulty repleting BCM. The implication ofthese 

findings is that, in certain individuals, when repletion of lost body weight occurs, it may be 

accompanied by gains in body fat, but not BCM. This gain in body fat is not likely to be 

accompanied by an increase in physical strength or improved functional status. These findings are 

consistent with those of several previous studies that demonstrated that it is difficult to replete BCM 

and that weight gain is often associated with body fat gain in individuals with significant 

malnutrition and weight loss after nutritional or pharmacologic interventions. The fact that 

individuals on an anabolic steroid such as oxandrolone may also exhibit this trend is a concern. It 

appears that prevention ofBCM loss may be the most effective intervention strategy. 

There were a few limitations to the current study. These limitations involve concerns 

inherent in the study design and difficulties with the measurement of independent variables. First, 

because the current study was not a randomized, placebo-controlled drug study, causal relationships 

could not be determined. However, given that previous control group studies have established the 



85 

efficacy of oxandrolone therapy for treatment of weight loss in IDV -infected individuals and other 

clinical populations, it may no longer be ethically sound to conduct additional placebo-controlled 

studies using oxandrolone. In the present study, each subject served as his own control and baseline 

measurements were taken in all cases prior to initiating oxandrolone therapy. Thus, comparisons 

in body weight and BCM can be made from pre-treatment to post-treatment. It seems logical to 

suggest that the observed gain in BCM and body weight can be at least partly attributed to the 

initiation of oxandrolone therapy in conjunction with nutritional management. 

There were also some concerns regarding the variables identified as potential contributors 

to BCM and body weight change in this study. Because all of the subjects initiated oxandrolone 

therapy after baseline evaluation, and were maintained on the same dose (except for one subject 

whose dose was decreased to I 0 mg/d after I rna of treatment), the number of days on oxandrolone 

was the only way to represent the possible effects of oxandrolone therapy. As a result, there was 

limited variability in the number of days on treatment. There was substantially greater variability 

in the dependent variables (change in BCM and body weight). Another concern was that it was not 

possible to systematically assess the effect of exercise for several reasons, including the fact that 

many of the subjects in the study were not willing or able to do substantial exercise on a regular 

basis. Had it been possible to actually observe the intensity and frequency of exercise in these 

individuals, it would have been easier to accurately reflect the contribution of exercise to change in 

BCM. The final area of concern revolves around the effect of nutritional intervention on change in 

BCM and body weight. 

It was somewhat surprising that no significant relationship could be found between change 

in kcal and protein intake and change in BCM or body weight, as at least one published study 

reported that caloric intake was positively associated with weight gain, and protein intake was 
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associated with BCM repletion in !llV-infected individuals (Williams et al., 1998). The lack of 

relationship between kcal and protein intake and BCM or body weight change in this study may be 

at least partly attributed to the fact that a wide degree of variation in energy and protein intake was 

observed across the subjects and overall, mean energy and protein intake did not change over the 

course of the study. This latter observation was also somewhat surprising, given the fact that 

subjects underwent comprehensive nutritional assessment and received ongoing nutritional 

monitoring throughout the study. This observation could be interpreted in several ways. First. it 

might be assumed that nutritional intervention was ineffective at increasing, but was successful in 

maintaining intake. Part of the nutritional management process involved the provision of liquid 

nutritional supplements alone, or in combination with a protein supplement (Optimune™) as deemed 

appropriate by the Registered Dietitian working with the subjects. One might surmise that 

individuals provided with nutritional counseling might incorporate recommendations to include a 

combination of nutritional supplements and changes in regular meal patterns. Indeed, dietary records 

indicated that the majority of individuals participating in the study did indeed take nutritional 

supplements throughout the duration ofthe study. One plausible explanation for the fact that energy 

and protein did not change significantly after treatment may be that subjects decreased intake of 

regular foods to compensate for the increase in energy and/or protein provided by supplements. 

Another possible problem involves the difficulty in obtaining an accurate assessment of 

dietary intake in free-living individuals. Without confining study subjects to a metabolic ward, 

quantification of dietary intake is subject to potentially significant recording error. Furthermore, 

errors in data analysis may also contribute to problems interpreting dietary intake data. Although 

substantial efforts were made to minimize the error associated with analyzing dietary intake data 

collected in this study, it is possible that these problems might have contributed to the failure to 
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detect significant changes in relation to dietary intake. Unfortunately, these issues are difficult to 

resolve. In fact, assessment of dietary intake has been the focus of much research interest, and is 

likely to always remain an issue in clinical trials in free-living subjects (Beaton et al., 1997; Lissner 

et al., 1998). 

In conclusion, it is apparent that a significant change in BCM and body weight occurred in 

individuals receiving oxandrolone therapy in conjunction with comprehensive nutritional 

management. As expected, the increase in BCM was associated with a concomitant increase in REE. 

While nutritional intervention may not have led to increases in average protein and kcal intake, it 

appeared to be associated with the maintenance of intake. Subjects who were significantly 

underweight at baseline appeared to gain more weight, but less BCM proportionally than their more 

healthy weight counterparts. The results from this study appear to signify that it is indeed of critical 

importance to prevent loss ofBCM because of the difficulties in the repletion ofBCM, particularly 

in wasted or malnourished individuals. Given the association between loss of BCM and morbidity 

and mortality in HIV infection, the results from this study reinforce the notion that early 

identification and intervention strategies need to be developed and incorporated into standard clinical 

protocols for HIV infection to optimize nutritional and clinical status. 



CHAPTER4 

BODY CELL MASS CHANGE FOLLOWING ANABOLIC STEROID THERAPY 

IN HIV INFECTION: A COMPARATIVE BIOIMPEDANCE STUDY 

Introduction 
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A measurement of the central. energy-exchanging mass of working tissue has long been 

sought as a standard for assessing nutritional status (Moore and Boyden. 1963). The core reference 

for the central tissues of the body has. in the past. been identified as fat-free mass (FFM). However. 

the FFM is too broad. including extracellular water (ECW) and the structural bone matrix that are 

largely involved with support and not direct oxidative energy turnover. On the other hand. body cell 

mass (BCM) consists of cellular components minus ECW and support tissue. The ability to measure 

BCM would provide a reference basis for the measurement of oxygen consumption. caloric 

requirements. basal metabolic rate and work performance (Shizgal, 1990). From an ideal point of 

view. the intracellular water (ICW) most closely approximates the BCM (Moore and Boyden. 1963; 

Shizgal. 1990). This is because acute changes in body protein occur mainly in the cellular 

compartment (James et a!.. 1984 ). and changes in body protein are generally accompanied by 

changes in ICW (Beddoe et al.. 1985). 

BCM depletion and involuntary weight loss are common in HIV-infection and are closely 

associated with morbidity and mortality (Kotler et al.. 1989a; Ott et al .• 1993; Babarneto and Kotler. 

1997). In fact. BCM loss has been observed to precede overt weight loss even in the early stages of 

HIV infection (Ott et al.. 1993). and a critical level ofBCM must be maintained for survival (Kotler 

et al.. 1989a). Therefore. the ability to accurately monitor changes in BCM is essential to the 

successful treatment of individuals with HIV infection and AIDS. BCM can be estimated from total 
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body potassium (TBK) measured with whole body counting, or by dilution methods, or from total 

body nitrogen measured by neutron activation (Forbes, 1987). However, whole body counting and 

neutron activation are expensive and dilution methods are tedious and time consuming. 

Theoretically, bioimpedance measurements can be used to measure BCM noninvasively; 

however, there is considerable debate concerning the best bioimpedance method to use. One group 

of investigators believe that ECW, ICW and TBW are best predicted using a bioimpedance 

spectroscopy (BIS) approach (van Marken Lichtenbelt et al., 1994; De Lorenzo et al., 1997). Several 

investigators continue to advocate the approach first proposed by Thomasset in 1963 (Hannan et al., 

1994; Deurenberg et al., 1995). Although various frequency combinations have since been used, 

Thomasett ( 1963) proposed the use of a fixed single low frequency ( 1 kHz) bioimpedance approach 

to measure ECW, and a fixed single high frequency (100kHz) bioimpedance approach to measure 

total body water (TBW). ICW was computed as TBW minus ECW. A third group of investigators 

propose that BCM can be adequately measured by a fixed single-frequency 50 kHz measurement of 

impedance (Z) (Paton et al., 1998) or reactance (X) transformed into parallel X (Xp) (Chertow et al., 

1995; Kotler et al., 1996; Lukaski, 1996). While the latter two approaches rely on the derivation of 

prediction equations for TB W, ECW, and ICW using statistical methods, BIS provides a more direct 

measure ofbody water components. In fact, BIS is the technique from which all underlying theories 

of the bioimpedance method evolved, and implies fitting measured spectral data to a biophysical 

model (Cole, 1972). A review of theory is necessary to provide a context from which to interpret 

results ofthis study. 
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Basic Theoretical and Analytical Bioimpedance Principles 

Biological cell membranes behave as capacitors (em) and impedance (Z) is frequency 

dependent (Cole, 1972; Coplen and Harper, 1994) (Fig. 4.1 ). With direct current or at the zero (0) 

frequency, there is theoretically no conduction through biological cells and Z is purely resistive (R) 

and a function ofECW CRo or RJ. With alternating current, em charges and discharges the current 

at the rate of the frequency; so as frequency increases, the amount ofiCW measured increases. At 

some infinitely (co) high frequency(> 10 MHZ; Fig. 4.1 ), the charge and discharge of current through 

the cells becomes so fast that the effects ofCm become insignificant, Z becomes purely resistive (R_), 

and both ECW and ICW are fully measured. Once Ro or RE and R.. are determined, ICW resistance 

(R1) can be computed as l/R1 = 1/R.. -11Ro (Fig. 4.2). At Ro and R.., the overall Z is independent of 

em; whereas, at the middle or characteristic frequency (!c), the dependence on the value of em is at 

a maximum (Fig. 4.2). The.fc can also be defined as the frequency of maximum X (Cole, 1972). The 

.fc is an important term because it is computed from em, RE and R1, and thus, changes with changes 

in ECW, ICW or the cell membranes (Lofgren, 1951). 

Comparison of BIS and single-frequency approaches 

Some studies comparing the BIS and single-frequency approaches report no advantage of 

BIS in predicting ECW, TBW and ICW (Paton etal., 1998). These conclusions, however, are based 

on the prediction of absolute volume using correlation, SEE and bias statistics. It is well known that 

ECW, ICW and TBW are highly intercorrelated and that Z measured at any frequency can equally 

predict the absolute volume of each body water compartment (van Marken Lichtenbelt et al., 1994; 

De Lorenzo et al., 1997; Paton et al., 1998). This intercorrelation would be expected because ECW 

and ICW tend to be tightly regulated and compose TBW. Detection of any systematic error CEsvs) 
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that would impair the measurement of change in fluid compartments by a particular bioimpedance 

method would be obscured by the high intercorrelation of the variables when only absolute volume 

is predicted. For this reason, the ability to measure change should be the test of the validity of a 

bioimpedance method. Furthermore, correlation and SEE statistics should not be used to assess 

change, because neither of these statistics is sensitive to scaling; thus, the predicted change could 

be significantly different from the actual change. For example, the correlation and SEE for the set 

of numbers 10, 15, 20 and 25 compared to the set 5, 7.5, 10 and 12.5, would be a perfect 1 and 0, 

respectively, despite the 50% difference between the sets. 

Although it has been reported that the Kotler et al. ( 1996) >;,equation detected direction of 

change in 89% of the subjects with a BCM change ~5%, the accuracy of the prediction of the actual 

change in BCM was not reported. A method that predicts direction of change (i.e., positive or 

negative) but is in error by 50% would have little clinical value. To assess change, multiple 

measurements must be made and this greatly increases the probability of random error. At the same 

time, that which is being measured (change) is significantly less than absolute volume, often by a 

factor of 10 (e.g. 2 I vs. 20 I). To accurately measure ICW change in an individual, a method must 

have small systematic and random errors. How well a method measures what it purports to measure 

is the major uncontrollable contributor to Esvs· Thus, the closer the theory underlying a method 

matches reality, the smaller the Esvs and the better the measurement of change. 

Van Loan et al. (1999) recently reported that following gonadal hormone replacement 

therapy in HIV-positive men the BIS method accurately predicted change in FFM compared to the 

estimated accretion of lean tissue from measured nitrogen balance using 24-h urine and fecal 

collections. It was also reported that the BIS method predicted FFM change better than did dual 

energy x-ray absorptiometry or deuterium CZH) dilution. Because the cellular compartment would 
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have retained most of the increased nitrogen (James et al., I984), the results of this study are strongly 

suggestive that the BIS method is sensitive to changes in BCM. Given that BCM is most closely 

related to ICW, the primary aim of the present study was to compare measures ofiCW by BIS with 

criterion dilution measures ofiCW (difference between deuterium dilution for TBW and bromide 

dilution for ECW). A secondary aim was to compare BIS with other impedance methods for 

accuracy to predict ICW change. It was hypothesized that BIS would provide valid measures ofiCW 

(BCM) and would predict ICW change with better accuracy than other bioimpedance methods. 

Subjects And Methods 

Study Design 

This study was part of a larger clinical evaluation ofHIV-infected individuals who were 

undergoing treatment for weight loss with the anabolic steroid, oxandrolone (Oxandrin®, BTG 

Pharmaceuticals, Iselin, NJ). Body water measurements were taken on 2I subjects at baseline and 

post-Oxandrin® therapy. Time on study averaged 20 wk; only 4 subjects deviated from this mean, 

with final measurements at 6, 28, 35 or 40 wk. 

Subjects 

Subjects were recruited from an outpatient clinic with a population of approximately 600 

HIV -infected patients. Any individual with a history of weight loss, who was receiving standard 

antiretroviral therapy, and whose primary care physician prescribed Oxandrin® therapy, was 

recruited to participate in the study. Twenty-one subjects (20 male, I female) between the ages of 

27 and 56 y, with a mean age of41 :1: 7.7y completed this study. Ofthese, 20 subjects (19 male, 1 

female) were maintained on an Oxandrin® dose of20 mgld, while one subject's dose was reduced 

to I 0 mg daily after 1 mo. Ethnic distribution of the subject population was 71.4% Caucasian, 
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14.3% Hispanic, and 14.3% African-American. The study protocol was approved by the Human 

Subjects Committee ofThe University of Arizona and written, informed consent was obtained from 

all participants. 

Procedures 

Subjects came to the Metabolic Monitoring Laboratory at The University of Arizona for 

body water determination before initiation and after termination of Oxandrin® therapy. Subjects 

were instructed to abstain from vigorous exercise for at least 12 h, and to abstain from alcohol and 

caffeine consumption for 48 h prior to assessment. Subjects reported to the laboratory on test days 

in the morning, after an 8 - 12 h fast. 

Anthropometric Assessment. At each visit, body weight (Wt) was measured to the nearest 

0.05 kg with a digital platform scale (Kubota model K-1 0-3 OOL-A, Chugai Boyeki (America) Corp., 

Commack, NY). Subjects were instructed to wear the same lightweight clothing at each visit. 

Standing height (Ht) was measured to the nearest I mm with a stadiometer (Narragansett Machine 

Co., Providence, RI). 

Dilution Volume. Criterion estimates ofTBW and ECW were derived from deuterium eH) 
and bromide dilution, respectively. While still in a fasted state and after baseline, urine and venous 

blood samples were collected, subjects were given a weighed dose of deuterium oxide eH20; 99.8 

atom%; Isotec Inc., Miamisburg, OH) equivalent to 0.15 glkg TBW. In order to calculate the dose, 

an estimate ofTBW was obtained by single-frequency bioelectrical impedance analysis using the 

Kushner et al. (1992) equation. Immediately afterward the subjects drank a measured dose of a 

sodium bromide (NaBr; Sigma, St. Louis, MO) solution, providing 1.0 ml of3% (w/v) solution per 

kg body weight. Dose solutions were administered from paper cups and followed by a 30 ml wash 
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with deionized, distilled water. A 3-h equilibration period, during which subjects did not ingest 

anything, was allowed for ECW determination by bromide dilution. A second blood sample was 

drawn at 3 h post-bromide dosing and a light snack was provided immediately after the second blood 

draw. At 5 and 6 h after dosing with 2H20, urine samples were collected for TBW determination by 

2H dilution. Blood samples were collected in I 0 ml tiger-top vacutainer tubes and centrifuged at 

3000 rpm for 20 min to separate serum. Two, 2.5-ml aliquots of each serum sample and three, 5-ml 

aliquots of each urine sample were stored frozen at -80°C in airtight cryogenic vials until analysis. 

Frozen urine samples, diluted dose {I :5, w/w) and tap water were packed on dry ice in a 

sealed, insulated biomailer, shipped overnight, and analyzed for 2H enrichment by the NIDDK 

laboratory in Phoenix, AZ. After treatment with activated charcoal, enrichment of 2H was 

determined using an isotope ratio mass spectrometer (model Delta S; Finnigan MAT GmbH, 

Bremen, Germany) and hydrogen equilibration with Pt catalyst (250 J.Lm diameter of3% by weight 

Pt beads, Shoko Co. Ltd, Minatoku, Tok-yo I05, Japan), as described by Coplen and Harper (I994). 

The reproducibility of this method is superior to the zinc reduction method. With 28 runs, the 84I 

8%o standard measured 840.1 ± I.86 8%o and the -73 8%o standard measured -72.92 ± 1.4I 8%o. 

Appropriate dilutions of the doses were also used as internal controls. Stock dose solution was 

prepared twice during the study; dose I was measured as 759.88 ± I.11 8%o (n = 20) and dose 2A 

was 733.5 ± 1.36 o%o (n = 21). TBW was calculated as described by Schoeller et al. (1980) using 

the 2H enrichment of the urine sample collected 5 h post dose that had, in all cases, greater 2H 

enrichment than the sample collected at 6 h. 

Frozen serum samples were shipped overnight to the Pennington Biomedical Research 

Center, Baton Rouge, LA for bromide analysis. Serum bromide enrichment was determined by the 
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high-performance liquid chromatography (HPLC) method of Miller and Cappon (1984) using an 

HPLC (model I 090M; Hewlett Packard, Palo Alto, CA) equipped with autosampler and diode array 

detector. The analytical precision of the NaBr measurements by this technique is approximately 2% 

(Miller and Cappon, 1984 ); the CV for the assay was approximately 5%. ECW was calculated using 

a correction of I 0% for nonextracellular distribution and 5% for Donnan equilibration (Miller et al., 

1989). ICW was estimated as the difference between TBW and ECW. 

Bioimpedance Measurements. After the measurement of weight and height and ingestion 

of the 2H20 and NaBr doses, fasting subjects assumed a supine position for 30 min. Using the 

standard wrist to ankle measurement protocol (Kushner, 1992), an impedance measurement was 

made with a multiple-frequency bioimpedance device (modei4000B or 4200; Xitron Technologies, 

San Diego, CA). The multiple-frequency devices were confirmed to be in calibration according to 

manufacturer instructions. Three patients had baseline measurements taken with the 4000B device. 

All subsequent measurements were performed with the newer 4200 device. Comparison ofR and 

X measurements by the two devices for seven subjects and 35 data points (frequencies 5, 50, 100, 

200 and 500 kHz), showed no significant differences. Data were transmitted directly from the 

analyzer to a personal computer and controlled by the software programs supplied with the devices. 

All measurements were taken on the right side of the body, using disposable electrodes (IS4000; 

Xitron Technologies, Inc., San Diego, CA). 

To evaluate the BIS method, Z and e spectral data were fit to the Cole model (Cole, 1972) 

using non-linear least squares curve-fitting software supplied with the devices. The Cole model 

consists ofRE> R1, Cm and exponent alpha (a). Because it is not possible to measure Z at sufficiently 

low or high frequencies, the ends of the semicircle that is formed when R and X are plotted are 

extrapolated to~ and R_ using mathematical curve fitting techniques (Fig. 4.2). Then as discussed, 
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R1 was computed. In practice, RE> ~. em, a and time delay (T .J are simultaneously computed. em 

is related to the thickness of the cell membrane, exponent a represents the suppression of the 

semicircle below the R axis (Fig. 4.2), and Td is a term used to account for any error introduced by 

a frequency invariant time delay. A detailed review of the Cole model has been presented previously 

(De Lorenzo et al., 1997). The ECW and ICW volumes were predicted using the values of Cole 

model terms RE and R1 in equations developed by Xitron Technologies (Xitron) from mixture theory 

(Matthie et al., 1992; De Lorenzo et al., 1997). TBW was calculated as ECW + ICW. The 

resistivity constants used to predict ECW and ICW were developed previously by De Lorenzo et al. 

(1997). 

To evaluate the validity of the single low frequency method for predicting ECW volume, the 

Deurenberg et al. Z (ECWszco>) (1995), Hannon et al. R (ECWsRCH>) (1998), and Segal et al. R 

(ECW sRcs>) ( 1991) 5 kHz equations were used. ECW was also estimated by subtracting the predicted 

ICW from the predicted TBW using Kotler's 50 kHz~ (ICWsaxcK>) and Z (TBWsoZCK>) equations 

(1996), respectively. To evaluate the single high frequency method for predicting TBW, the 

following equations were used: TBW50zCK>• Deurenberg et al. 100kHz R (TBW1ooRco>) (1995), Segal 

et al. 100kHz R (TBW1ooRcs>) (1991), Hannon et al. 200kHz R (TBW2ooRcH>) (1998), and Hannon 

et al. 500 kHz R (TBWsooR (H)) (1994). For the three subjects whose baseline measurements were 

made using the 4000B device, R measured at 204 and 488kHz was used to compute TBW. Because 

the average differences for seven subjects between R measured at 200 and 204 kHz and between R 

measured at 488 and 500kHz were only 0.29 ± 0.51% and 0.81% ± 0.74%, respectively, no further 

analyses were performed. 

To evaluate the single-frequency method for predicting ICW, the ECW predicted by the 5 

kHz equations was subtracted from the TBW predicted by the 100,200 and 500kHz equations. Two 
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published 50 kHz equations developed specifically from subjects with HIV infection were also 

evaluated (Kotler et al., 1996; Paton et al., 1998). For the ICWsoxoq method, X was transformed as 

suggested into Xp and used in published male and female exponential equations to predict TBK 

(Kotler et aL, 1996). To obtain ICW volume, predicted TBK was divided by 150. This is valid 

because potassium is primarily distributed in ICW and the relation between TBK and BCM is 

through the TBK to ICW relationship (Forbes, 1987). The Paton et al. 50 kHzZ (ICW soz(PJ equation 

(1998) was also used. For 17 subjects and 38 measurements, no difference was observed between 

Rand X (P = 0.063 and P = 0.139, respectively) measured at 50 kHz by the Xitron models 4000B 

or 4200 and the RJL model I 0 I A device (RJL Systems, Inc., Clinton Township, MI). 

Data Analysis. To evaluate the fit to the Cole model, the total weighted least squared error 

was computed by the modeling routine. The fit error is expressed as a ratio between conformance 

to model to accuracy specification of the device. A ratio of one would indicate that conformance 

to model was equal to device performance. A more detailed description of how the data were fit to 

the Cole model has been reported (Cole, 1972). Additional statistical analyses were carried out 

using Excel97TM (Microsoft Corporation). For descriptive statistics, means and standard deviations 

(SD) were computed. For absolute ECW, ICW and TBW volumes, the Pearson's product moment 

correlation (r) and SEE were computed. 

Volumechangeswerecalculatedbysubtractingbaselinevolumesfromthevolumesobtained 

post-Oxandrin® therapy. The correlation of change, average change, and the root mean squared 

error (RMSE) were computed. The RMSE was computed by subtracting the average error of the 

measured change CEAvG CHG; the difference between the predicted and measured average change) 

from the error of each individual measurement, squaring each value then computing the mean and 

its square root. The RMSE computed in this way serves as a measure of random error in each 
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measure of change. For an infinitely large sample size, EAvG CHG is equivalent to the Esvs of a 

method. For all other sample sizes, to estimate Esvs in a method, the effects of random error on the 

measurement of Esvs must be determined. This was accomplished by dividing the RMSE by the 

square root of the sample size (RMSE/vn), then adding and subtracting this term from EAvGcHG (EAvG 

CHG ± RMSEN n). The Esvs likely falls within the range of values produced. Two-tailed paired t

tests were used to determine whether predicted average ECW, TBW and ICW changes for each 

method were statistically significant. Because the changes in fluid volumes in some subjects were 

found to be similar in magnitude to the random measurement error, a 90% confidence level (a= 

0.1 0) was used to determine statistical significance. The null hypothesis was that there were no 

differences between bioimpedance method estimates and criterion measures. Thus, when the t 

statistic obtained Uobt) was greater than or equal to the critical value Ucrit), the null hypothesis was 

rejected and the results were considered to be different from those of the dilution method. 

To evaluate how well each method predicted ICW change at the individual level, the 

difference between predicted ICW change by the various impedance methods and criterion was 

computed for each subject and the results categorized as ~ 1.0, 1.5, 2.0, 2.5 or 3.0 I and > 3.5 I. The 

total percentage represented by each category and the cumulative percentage were computed. 

Results 

Study findings of fluid compartment change after Oxandrin® therapy indicate that both 

TBW and ICW increased considerably, whereas ECW did not change (Table 4.1). Consequently, 

the ECW /TBW ratio decreased . The data fit the Cole model with high precision as evidenced by the 

low total least squares fit error (Table 4 .2). The fit error for the pre-Oxandrin® therapy data does 

not include the three subjects measured at baseline with the Xitron modei4000B dev ice. The routine 



Table 4.1 Subject characteristics 

Height, em 

Weight, kg 

TBW, I 

ECW,l 

ICW, I 

ECWfTBW 

Pre-Oxandrin® Therapy Post-Oxandrin® Therapy 

175.37 ± 6.61 

68.05 ±9.99 

39.85 ±4.49 

17.39 ±2.32 

22.46 ±3.45 

0.44±0.04 

175.37±6.61 

70.39 ± 10.20* 

42.68 ± 5.53* 

17.79 ± 2.63 

24.89 ± 4.04* 

0.42 ± 0.04 

Values are means± SD for 21 IDV+ subjects. TBW, total body water 
criterion determined by deuterium dilution; ECW, extracellular water 
criterion determined by bromide dilution; ICW, intracellular water criterion 
estimated as TBW - ECW. *Significantly different from pre-Oxandrin® 
therapy, P < 0.001. 

101 



Table 4.2 Bioimpedance characteristics of the subjects 

Fit error 

RE>Q 

R_,Q 

Alpha 

fc, kHz 

R-5 kHz, Q 

R-50 kHz, Q 

X-50 kHz, Q 

Z-50 kHz, Q 

R-200 kHz, Q 

R-500 kHz, Q 

Pre-Oxandrin® Therapy Post-Oxandrin® Therapy 

Cole Model 

0.28±0.06 0.29±0.05 

614.02 ± 68.44 588.24 ± 66.99 

406.17 ± 43.24 377.64 ± 41.61 

1214.73 ±221.48 1070.16 ± 177.55 

2.24±0.54 2.58 ± 0.53 

1.24 ± 3.31 0.98 ± 1.08 

0.66 ±0.02 0.66 ± 0.01 

41.47 ± 7.44 39.29± 5.92 

Single Frequency 

588.02 ± 62.82 557.27 ± 61.58 

501.12 ± 52.15 469.17±49.39 

59.41 ± 10.65 59.37 ± 10.05 

504.70 ± 52.50 472.97 ± 49.82 

449.86 ±47.34 418.59 ± 44.79 

429.23 ± 45.26 398.23 ± 43.09 

Values are means± SO for 21 HIV+ subjects_ RE, Cole model term 
representing resistance ECW; R_, resistance at infinite frequency; R1, Cole 
model term representing resistance ICW; Cm, Cole model term representing 
cell membrane capacitance; Td, frequency-invariant time delay; fe, 
characteristic frequency or frequency at maximum reactance. R-5 kHz, 
resistance at 5 kHz; R-50 kHz, resistance at 50 kHz; X-50 kHz, reactance 
at 50 kHz; Z-50 kHz, impedance at 50 kHz; R-200 kHz, resistance at 200 
kHz; R-500 kHz, resistance at 500 kHz. 
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that was used to model the 4000B data does not display a fit error ratio. However, the fit was rated 

as good, which means that the fit error ratio was ~ I, and the correlation of fit for these three subjects 

was >0.997. Consistent with theory, RE was greater than Rat 5kHz and continued to decrease with 

increasing frequency. It is important to note that Cm increased as would be expected with an 

increase in intracellular hydration. The data used for evaluating the various bioimpedance equations 

are shown in Table 4.2. 

Prediction of Absolute Body Water Volume 

As reported previously (van Marken Lichtenbelt et al., 1994; Matthie et al., 1998; Paton et 

a!., I 998), the prediction of absolute ECW, TBW and ICW volume was similar for all methods 

tested. Because all 5 kHz ECW equations provided similar predictions, only the ECW SR(HJ equation 

is reported. Likewise, the two 100kHz TBW equations evaluated resulted in predictions similar to 

those obtained using 50 and 200kHz. Only the predictions from the TBWsozcKJ• TBW2ooR(HJ• and 

TBWsooR(H) equations are reported. Correlation and SEE for ECW estimates by all methods ranged 

from 0.78 to 0.92 and 1.04 to 1.70 l, respectively(Table 4.3). Subtraction ofthe ICWsoX(KJ-predicted 

ICW from the TBW50zcKJ-predicted TBW produced the best correlation and SEE for ECW (Table 

4.3 ). For the prediction of absolute TB W volume, correlation and SEE for all methods ranged from 

0.90 to 0.97 and 1.15 to 2.09 I, respectively (Table 4.3). The TBW50zcKJ equation predicted TBW 

with the best correlation and SEE. 

The prediction of absolute ICW volume was similar for all five methods evaluated, with 

correlation and SEE ranging from 0. 76 to 0.93 and 1.54 to 2.31 I, respectively (Table 4.3 ). For all 

methods, correlation and SEE for predicted ICW subtly improved from pre- to post-Oxandrin® 

therapy. Although the ICW50z(PJ equation was developed for males, it is unlikely that its use for the 
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Table 4.3 Extracellular water (ECW), total body water (TBW) and intracellular (ICW) volumes 
predicted by various bioimpedance methods 

Br, I 
BIS, 1 
ECWsR(H)' I 
TBWsozcKl- ICWsoX(K}> I 

2H, I 
BIS, I 
TB W soz <K>' I 
TB w 200R (H)' I 
TB w SOOR (H)> I 

Pre-Oxandrin® Therapy Post-Oxandrin® Therapy 

Mean± SD r SEE Mean± SD r SEE 

17.39 ±2.32 
17.01 ±2.07 
17.87 ± 1.73 
20.27 ±2.92 

39.85 ± 4.49 
40.42 ± 6.02 
41.88 ± 4.96 
37.69 ± 3.71 
42.39 ±4.66 

0.78 
0.80 
0.89 

0.90 
0.97 
0.97 
0.95 

Extracellular Water 

17.79 ± 2.63 
1.49 17.83 ±2.34 
1.43 18.57 ±I .96 
1.09 20.89 ± 3.15 

Total Body Water 

42.68 ± 5.53 
2.03 43.90 ± 6.87 
1.15 43.77 ± 5.38 
1.19 39.40 ± 4.17 
1.38 44.98 ± 5.52 

Intracellular Water 

0.78 1.70 
0.79 1.66 
0.92 1.04 

0.93 2.09 
0.97 1.37 
0.96 1.58 
0.95 1.81 

2H- Br, 1 22.46 ± 3.45 24.89 ± 4.04 
BIS, I 23.42 ± 4.51 0.81 2.06 26.07 ± 4.93 0.92 1.65 
ICW50xcK>,l 21.61±2.79 0.88 1.70 22.88±2.98 0.92 1.60 
ICW50z(P1,1 29.55±4.05 0.76 2.3I 31.44±4.62 0.84 2.26 
TBW200R(H)-ECW5R(H)>I 19.82±2.10 0.87 1.74 20.83±2.31 0.93 1.54 
TBWsooRCHl- ECWsRcHl' l 24.52 ± 3.03 0.84 1.93 26.41 ± 3.64 0.89 1.87 

Br, ECW criterion determined by bromide dilution; BIS, bioimpedance spectroscopy-predicted 
ECW, TBW or ICW (De Lorenzo et al., 1997); ECWsRCH>' ECW predicted by resistance at 5 kHz 
(Hannan et al., I 998); TBWsozcK>- ICWsoX<Kl' ECW predicted by the difference between 50 kHz 
impedance-predicted TBW and a 50 kHz parallel reactance-predicted ICW (Kotler et al., 1996); 2H, 
TBW criterion determined by deuterium dilution; TBW50zcK>• TBW predicted by impedance at 50 
kHz (Kotler et al., 1996); TBW200R CHI• TBW predicted by resistance at 200 kHz (Hannan et al., 
1998); TBWsooR(H)• TBW predicted by resistance at 500kHz (Hannan et al., 1994); 2H- Br, ICW 
estimated by the difference between the TBW and ECW criterions; ICW5oxcK>• ICW predicted by 
parallel reactance at 50 kHz (Kotler et al., 1996); ICW soZCPl• ICW predicted by impedance at 50 kHz 
(Paton et al., 1998); TBW200R CH>- ECW5R CHI• ICW predicted by the difference between 200 kHz 
resistance-predicted TBW and 5 kHz resistance-predicted ECW (Hannan et al., I 998); TBWsooRcH> 
- ECW5RCHI' ICW predicted by the difference between 500kHz resistance-predicted TBW and 5 
kHz resistance-predicted ECW (Hannan et al., 1994; 1998) 



105 

one female subject in this study altered the overall results. This would be particularly true for 

change data because the measurement of change is far less sensitive to scaling differences between 

methods. 

Prediction of Body Water Volume Change 

The correlation ofECW change was similar for the BIS and ECW SR(H) methods and slightly 

higher for the TBWsozcK>- ICW50x <K> approach (Table 4.4). There was little change in bromide

determined ECW and all methods detected this. The ECW change predicted by BIS was different 

(P = 0.022) from that estimated by the dilution method. All methods exhibited Esvs. because zero 

(a perfect answer) was not a possible outcome. For every method, the error was of positive polarity 

(Table 4.4; Fig. 4.3). 

The correlation of TBW change was similar for all methods, ranging from 0.73 to 0.82 

(Table 4.4). However, for the TBW50z<K> and TBW200R<H> approaches, the predicted TBW change 

was different (P = 0.008 and P = 0.003, respectively) from that determined by the dilution method. 

In addition, the random error (RMSE) was almost as large as the TBW change predicted by these 

methods (Table 4.4). There was no difference between the TBW change predicted by BIS and 

TBW500R<H> (P = 0.109 and P = 0.429, respectively). The RMSE and the predicted average change 

were better for the TBWsooR(H) approach compared to the BIS method (Table 4.4). Additionally, 

TB W soaR <H> had less Esvs than the other methods because only for this method was zero (a perfect 

result) a possible outcome (Table 4.4; Fig. 4.3). 

The correlation ofiCW change was similar for all methods, ranging from 0.59 to 0.68 (Table 

4.4). The RMSE was also similar among methods. Only the ICW change predicted by BIS and 

ICW50zcP> did notdiffer(P= 0.570 andP=0.109, respectively) from the dilution method (Table4.4). 



Table 4 4 F.xtracellular water CECWI total bodvwqter aBJVJ and intmce/lu/ar water (/CII'l yo/rune changes nredicted by varjour bjoimpedance methods 

Brl 
BIS 
ECWsRIIll 
TBWsoZ(K) -ICWsox(KJ 

,H 
BIS 
IBWsozcKJ 
TBW200R(HJ 
IBWsooR(IIJ 

Change,( 

0.40 ± 1.17 
0.83 ± 0.85 
0.70± 0.68 
0,62:1:0.89 

2.83:1:2,35 
3.48:1:2.29 
1.89 :1: 1.47 
1.71 :1: 1.29 
2.59± 2.03 

2H-Br 2.43 :!: 1.84 

r EAVOCIIG• I 

0.75 0.43 
0.73 0.30 
0.79 0.22 

0.73 0.65 
0.81 -0.94 
0.82 -1.12 
0.82 -0.24 

lobe p 
(t,nl = 1.725) (a= 0.10) 

Extracellular Water 

2.488• 0.022 
1.652 0.114 
1.383 0.182 

Total Bod.v Water 

1.678 0.109 
2.922• 0.008 
3.382• 0.003 
0.808 0.429 

Intracellular Water 

RMSE,I 

0.78 
0.82 
0.72 

1.71 
1.45 
1.48 
1.35 

RMSEt'-'n,l 

0.170 
0.179 
0.157 

0,373 
0.316 
0,323 
0.295 

+Esvs.l 

0.600 
0.479 
0.377 

1.023 
-0.624 
-0.797 

0.055 

-Esvs. I 

0.260 
0.121 
0.063 

0.277 
-1.256 
-1.443 
-0.535 

BIS 2.65 ± I. 76 0.59 0.22 0.577 0.570 1.63 0.356 0.566 -0.146 
ICWsoxcKJ 1.27±0.81 0.64 -1.16 3.567• 0.002 1.47 0.321 -0.849 -1.491 
ICW50z1r1 1.88:1: 1.54 0.63 -0.55 1.679 0.109 1.48 0.323 -0.237 -0.883 
TBWlOOR(H)-ECW,R(\1) 1.01±0.67 0.68 -1.42 4.331• 0.000 1.47 0.321 -1.109 -1.751 
TBWsooR 1111 - ECWsR qn 1.89 :1: 1.38 0.67 -0.54 I. 767• 0.093 1.38 0.30 I -0.249 -0.851 

Change values arc means± SD. E.woc110, the difference between the predicted and measured average change; lobe, the obtained 1 statistic; t'"" the critical threshold 
value; RMSE, root mean squared error computed by subtracting the average error of the measured change from the error of each individual measurement, squaring 
each value then computing the mean and its square root; Esvs. systematic error computed as E,wo cuo :1: RMSEI/n. Br, ECW criterion determined by bromide 
dilution; BIS, bioimpedance spectroscopy-predicted ECW, TBW or ICW (De Lorenzo et nl., 1997}; ECWsROIJ• ECW predicted by resistance at5 kHz(Hannan et 
al., 1998); TBWsoz<KI- ICW sox CKI• ECW predicted by the difference between 50 kllz impedance-predicted TBW and a 50 kHz parallel reactance-predicted ICW 
(Kotler et al., 1996}; 2H, TBW criterion determined by deuterium dilution; TBW soz <KJ• TBW predicted by impedance at 50 kHz (Kotler et al., 1996}; TBW 200R 110, 

TBW predicted by resistance at 200 kHz(Hannan et al., 1998); TBWsooR(IIJ• TBW predicted by resistance at 500kHz (Hannan et al., 1994}; 2H- Br, ICW estimated 
by the difference between the TBW and ECW criterions; ICW sox(KI• ICW predicted by parallel reactance at 50 kHz (Kotler et at., 1996); ICW sozcPI• ICW predicted 
by impedance at 50 kHz (Paton et at., 1997); TBW200R 1111 - ECW sR 1111, ICW predicted by the difference between 200 kHz resistance-predicted TBW and 5 kHz 
resistance-predicted ECW (Hannan et al., 1998); TBWsooR(IlJ- ECWsRIHI•ICW predicted by the difference between 500kHz resistance-predicted TBW and 5kHz 
resistance-predicted ECW (Hannan et at., 1994; 1998) 
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Fig. 4.3. Systematic error in the various impedance methods for predicting extracellular water (ECW), total body water (TBW) and 
intracellular water (ICW). BIS, bioimpedance spectroscopy-predicted ECW, TBW or ICW (De Lorenzo et al., 1997); 5, ECW predicted by 
resistance at 5 kHz (Hannan et al., 1998); 50Z- SOX), ECW predicted by the difference between 50 kHz impedance-predicted TBW and 50 
kHz parallel reactance-predicted ICW (Kotler et al., 1996); 50Z, TBW predicted by impedance at 50 kHz (Kotler et al., 1996); 200, TBW 
predicted by resistance at 200 kHz (Hannan et al., 1998); 500, TBW predicted by resistance at 500 kHz (Hannan et al., 1994); SOX, ICW 
predicted by parallel reactance at 50 kHz (Kotler et al., 1996); SOZ, ICW predicted by impedance at 50 kHz (Paton et al., 1998); 200-5, ICW 
predicted by the difference between 200kHz resistance-predicted TBW and 5kHz resistance-predicted ECW {Hannan et al., 1998); 500-
5, ICW predicted by the difference between 500 kHz resistance-predicted TBW and 5 kHz resistance-predicted ECW (Hannan et al., 1994; 
1998~ -
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In addition to being statistically different from criterion, ICW predicted by ICW50x (I<) and by 

TBW2ooR(H)- ECWsR(H) had random error (RMSE) that was larger than the change in predicted ICW. 

The BIS method had far less Esvs than all other methods. The EAvGCHG was small (0.22 1) and only 

for the BIS method was zero a possible outcome (Table 4.4; Fig. 4.3). The predicted average TBW 

change by TBWsooRCH> had an error of -0.24 I, and the predicted average ECW change by ECW SR(H) 

had an error of +0.30 l. Because ICW is computed by the high and low frequency method as TBW 

- ECW, the error in the predicted average ICW change is determined by subtracting the ECW error 

from the TBW error. It is important to note that this resulted in virtually twice the error (-0.54 I) in 

the predicted average ICW change by TBWsooRcH}- ECWsR(H) (Table 4.4). As shown in Table 4.5, 

for all but the BIS and TBWsooR<H>- ECWsR<H> methods, approximately one third or more of the 

predictions had an error as large as the mean criterion ICW change of2.43 1 (Table 4.4). Although 

the TBW500R <H> - ECW5R <HJ method performed slightly better than the other single-frequency 

methods, 33% of the predictions ofiCW change were only within 2.0 I of criterion. The ICWsox(KJ 

and TBW2ooR cH>- ECWsR <H> methods predicted ICW change very poorly. The ICW50z <K> and 

TBWsooR<H>- ECWsRCHJ methods either predicted ICW change very well or only moderately. Such 

a disproportionate distribution of results suggests the emergence of error under certain conditions. 

On the other hand, the distribution ofthe BIS results suggests that this method is primarily affected 

only by random error. 

Discussion 

Resistance would be expected to change when ECW and ICW change, but it was of interest 

that em increased. The em is inversely related to cell membrane thickness (Cole, 1972); therefore, 

an increase in Cm suggests swelling of the cells and thinning of the membranes. Such a finding 



Table 4.5 Difffir:.fnce between intracellular water (/CW~ volume change {1redl£ted bl!. criterion and hl' vgt:.ious bioimtJ.edance !lJ.f,thQds. 

BIS sox 50Z 200-5 500-5 

Difference No. Percent L No. Percent 
L No. Percent 

L No. Percent t No. Percent L from of of of of of of of of of of 
criterion subjects total 

Percent 
subjects total 

Percent 
subjects total 

Percent 
subjects total 

Percent 
subjects total 

Percent 

$ 1.0 I 9 42.86 42.86 7 33.33 33.33 10 47.62 47.62 6 28.57 28.57 10 47.62 47.62 

$ 1.5 I 5 23.81 66.67 3 14.29 47.62 2 9.52 57.14 3 14.29 42.86 4.76 52.38 

$2.0 I 3 14.29 80.95 4 19.05 66.67 2 9.52 66.67 4.76 47.62 7 33.33 85.71 

$ 2.51 2 9.52 90.48 2 9.52 76.19 6 28.57 95.24 4 19.05 66.67 2 9.52 95.24 
$3.0 I 4.76 95.24 5 23.81 100,00 I 4.76 100.00 5 23.81 90.48 I 4.76 100.00 

>3.51 4.76 100.00 0 0.00 100.00 0 0.00 100.00 2 9.52 100.00 0 0,00 100.00 
BIS, bioimpedance spectroscopy-predicted ICW change (7); SOX, ICW change predicted by parallel reactance at 50 kHz (19); SOZ, ICW change predicted by 

impedance at 50 kHz (32); 200-5, JCW change predicted by the difference between 200kHz resistance-predicted TBW and 5kHz resistance-predicted ECW (13); 
500-5, JCW change predicted by the difference between 500kHz resistance-predicted TBW and 5kHz resistance-predicted ECW (12, 13) 

,_. 
0 
1.0 
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appears consistent with Haussinger's (1993) theory that an increase in cellular hydration acts as an 

anabolic proliferative signal. 

It is useful to conceptualize.fc as the frequency corresponding to Z at the midpoint between 

Z at frequencies zero and infinity (Fig. 4.1). At any frequency other than zero and infinity, the 

proportion ofiCW measured varies with["' and.fc varies when ECW, ICW or Cm change (Matthie 

et al., 1998). Thus, predictions ofECW using anything other than resistance at the zero frequency 

should be less sensitive to ECW change because a portion of ICW will be included in the 

measurement. Theory (Cole, 1972), mathematical simulation, and initial in vivo results suggest this 

is so (Matthie et al., I 998). In this study, the BIS prediction ofECW was statistically different from 

criterion with a tabt 44% above the tent threshold for considering the results different. However, the 

random error effect on the measurement ofEsvs was 0.170 I or 43% of the measured average change 

of0.40 I (Table 4.4). Furthermore, the random error (RMSE) in each measure of change was, for 

all bioimpedance methods, larger (0. 72 to 0.82 I) than the average dilution ECW change. Therefore, 

the change in ECW was too small to draw any conclusions from the findings of this study (Table 

4.4). It is important to consider that an EAVGCHG of0.4 I (Table 4.4; Fig. 4.3) represents only 2% of 

a total ECW volume of 17.5 I (Table 4.1 ). 

The BIS method has been used successfully to predict ECW change in comparison with 

bromide dilution (Finn et al., I 996), with net fluid balance during surgery (Tatara and Tsuzaki, 

1998), and with volume removed by ultrafiltration during dialysis (Zhu et al., 1998). However, it 

needs to be clearly established whether it performs better than the fixed low frequency (e.g. 5kHz) 

approach. 

The TBWsooR (H) method predicted TBW change well; however these results need to be 

qualified. The .fc values for the subjects in this study ranged from 30 to 66 kHz, making the 
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difference between Z at 500kHz and infinity small (Table 4.2; Fig. 4.1). Had the .f. values been 

higher, less ICW would have been measured and the sensitivity of 500kHz to TBW change would 

have been reduced. This is supported by the finding that the 50 and 200 kHz methods did not 

accurately predict lBW change. It has long been known that.fc changes considerably when tissue 

hydration changes (Lofgren, 1951 ). For example,.fc values greater than 200 kHz have been reported 

in hemodialysis patients (De Lorenzo et al., 1997), and .fc values greater than 500 kHz have been 

reported in young children with severe diarrheal disease (Meyeretal., 1998). Although it is unsound 

to fit a theory to a result, the ratio of the measurement frequency to.fc may be useful for exploring 

the cause for the results of this study. For a measurement frequency of200 kHz and an fe of 50 kHz, 

the ratio is 4 (200/50). This suggests that to achieve the same results when fe is 125 kHz, a 

measurement frequency of 500 kHz would be required. Following this reasoning, if .f. is 300 kHz, 

a measurement frequency of 1.2 MHZ would be required to produce the same poor prediction of 

TBW change that 200kHz yielded in this study. The fact that the 500kHz equation (Hannan et al., 

1994) accurately predicted TBW change may be due in part to the similarity offe values for the 

subjects of this study (Table 4.2) to the 40-60kHz values determined for healthy subjects (De 

Lorenzo et al., 1997). This suggests that a measurement frequency to fe ratio of 10 (500/50) may be 

needed to accurately predict TBW change using a single-frequency measurement. If this were so, 

a measurement frequency of2 MHZ would be needed if.fc were 200kHz. However, using a very 

high single-frequency to reduce the error introduced by .fc would still be problematic, because a two

fold increase in frequency increases measurement error by a factor of four. Thus, a measurement 

at I MHZ is four times less accurate than a measurement at 500 kHz. This partially explains why 

multiple regression analyses provide the best TBW predictions at frequencies between 200 and 500 

kHz, and why accuracy decreases progressively at frequencies above 500kHz (Deurenberg et al., 
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1996). Although the BIS method correctly predicted TBW change in this study, it did have Esvs 

(Table 4.4; Fig. 4.3). Because TBW is predicted as ECW + ICW, the Esvs in the predicted TBW 

may have simply been carried over from ECW and ICW. The tobt for SIS-predicted TBW was only 

3% below the fmt threshold, while the effect of random error on the measurement of Esvs was 0.3 73 

I or 13% of the measured average change of2.83 I (Table 4.4). Although the TBW predicted by BIS 

was not different from criterion (P = 0.109) further research is needed to confirm these findings. 

An EAvGcHG of0.65 I is only a 1.6% error in 40 I TBW (Table 4.1). 

Tne ICW change predicted by the fixed high and low frequency methods (TBW200R <HJ

ECWsRcHJ and TBWsooR(HJ- ECWsR(H}) was considered statistically different from criterion. A poor 

single-frequency prediction ofTBW or ECW would result in a poor prediction in ICW because it 

is computed as TBW- ECW by these methods. In addition, a change in.fc causes errors in the 

predicted ECW and TBW in opposite directions, thereby magnifying ICW error (Table 4.4). When 

.fc increases, a fixed low frequency (5 kHz) becomes closer to zero, and a fixed high frequency (500 

kHz) becomes further from infinity. The opposite would occurwhen.fc decreases (Fig. 4.2). In this 

study the changes infe were very small, but.fc can change by as much as 50% (De Lorenzo et al., 

1997). Such a large change infe would cause large errors in the predicted ICW change. Although 

the ICW change predicted byTBWsooR<HJ-ECWsR(Hl was different(P=0.093) from that determined 

by criterion methods, it is important to consider these results carefully. The tobt was only 2.4% above 

the tcrit threshold level, while the effect of random error on the measurement ofEsvs was 0.30 I or 

12% of the measured average change of2.43 I (Table 4.4). It is also important to consider the P 

values obtained. The probability (P = 0.093) that the results achieved were true was only slightly 

below the significance level of 0.1 0. Although as tabt becomes larger and the null hypothesis 

becomes more unreasonable, the point at which results are accepted or rejected is arbitrary. As such, 



113 

the findings of this study do not lead to a firm rejection of the mw sooR (H) - ECW5R (H) method. 

Conversely, the ICW50z<P> approach, that did not yield a different estimate from criterion, cannot be 

accepted by the findings of this research. The effect of random error on the measurement of Esvs 

was 13% of the measured average ICW change. This is five times greater than the -2.67% 

difference between acceptance and rejection of this method. With such a small difference between 

tobl and tent• a random error in one datum has the potential to change the entire outcome. On the other 

hand, when the prediction is stronger, the chance that random error will affect the overall result is 

lower. In addition, the ICW50z<P> method displayed considerable Esvs (Fig. 4.3). 

It was of interest to find that an equation using Z at 50 kHZ (ICW50z<P>) provided a much 

better prediction ofiCW change than did an equation using Xp (ICW sox<K>). Equally interesting was 

that Z at 50 kHz (ICW50z <P>) predicted ICW change much better than it predicted TBW change 

(TBWsozcK>). To examine whether the moderate ICW prediction by Z at 50 kHz was caused by the 

reactive component ofZ, ICW was re-predicted using R in Paton's ICW equation (ICW50zcP>) instead 

of z. Because Z is the square root ofR2 + X2
, the ICW prediction would have been further from the 

criterion estimate had X been the influencing factor; in fact, the predicted ICW change actually 

improved (P = 0.129 vs. P = 0.109). Therefore, the fact that 50 kHz Z predicted ICW change more 

accurately than it did TBW change does not appear to be caused by Cm effects. The 50 kHz Z TBW 

equation (TBW50zCK>) was used to predict ICW change and the 50 kHz Z ICW equation (ICW50zcP>) 

was used to predict TBW change. Surprisingly, the 50 kHz Z TBW equation that provided a poor 

prediction ofTBW change (Table 4.4), predicted ICW change with better accuracy (P = 0.120 vs. 

P = 0.1 09) than the 50 kHzZ ICW equation developed specifically for ICW in HIV -infected patients. 

The ICW50z<P> equation also predicted TBW change poorly (P = 0.0006). Both 50 kHz Z equations 
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predicted ICW change much better than they did TBW change, and it did not appear to be due to the 

reactive component ofZ. These findings suggest that the 50 kHz method is randomly inapplicable. 

The finding that Z at 50 kHz did not predict ICW change poorly seems to invalidate the 

otherwise reasonable assumption that as measurement frequency decreases, less ICW is measured, 

thereby decreasing sensitivity to both ICW and TBW. If this were true, a 50 kHz measurement 

would predict both ICW and TBW change poorly. Only through a circular argument can we attempt 

to explain such results. It is certain that at 50 kHz only a portion of the ICW was measured (Fig. 

4.1 ), and that Rat 200 kHz did not predict TBW change accurately (Table 4.4). It is also true that 

the fc values for the subjects in this study were very close to 50 kHz (Table 4.2). This would make 

a 50 kHz measurement extremely sensitive to changes infc. For the XF equation (X+ R2 I X), X 

contributes greatly to the prediction ofiCW (BCM). The X is extremely sensitive to changes infc 

because it is small relative to R (Table 4.2). If sensitivity to .fc were the reason that the 50 kHz 

method moderately predicted ICW change, then the rationale for the poor prediction ofiCW change 

by the Xp method is unclear. One possible explanation is that the contribution of X to Z is quite 

small compared to R (Table 4.2), making R virtually the same as Z. The R is less dependent upon 

cell membrane changes than upon water volume changes. The X is very sensitive to both changes 

in the cell membrane and water volume, particularly when measured at frequencies near .fc (Matthie 

et al., 1998) (Fig. 4.2). 

In this study, Cm increased 15% between pre- and post-Oxandrin® therapy (Table 4.2). It 

may be that Xp provided a poor prediction of ICW change because it was influenced by changes in 

both ICW and Cm, whereas Z was primarily influenced by changes in ICW. If these assumptions are 

true, the inclusion ofX in a 50 kHz equation reduces rather than increases sensitivity to ICW (BCM) 

change. This is opposite to what has been proposed in the literature (Chertow et al., 1995; Kotler 
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et al., 1996). If the reason that Z at 50 kHz moderately predicted ICW change were due to sensitivity 

to change infc and insensitivity to change in Cm, three requirements would likely need to be met 

before such results could be replicated. First, as occurred in this study, virtually all of the change 

must be in ICW (Table 4.4 ). If a change occurs in both ECW and ICW, a measurement at 50 kHz 

would not distinguish the difference because at this frequency both ECW and ICW are measured. 

Second, the.fc for the subject measured must be near 50 kHz. The further the measurement frequency 

is fromfc, the less sensitive to change infc the measurement will become. This must be so because 

at the zero and infinite frequencies there are nofc effects (Fig. 4.1; Fig. 4.2). Third, the measurement 

frequency must be either above or below .fc for all subjects. Ifthefc were above the measurement 

frequency before it decreased, the difference between the measurement frequency and fc would 

decrease. On the other hand, ifthefc were below the measurement frequency before it decreased, 

then the difference between measurement frequency andfc would increase; thus, the opposite effect 

would occur. Although these arguments may partially explain why Z at 50 kHz predicted ICW 

change moderately, they do not explain why it predicted TBW change poorly. 

Although the strong prediction ofTBW using 500kHz suggests otherwise, the prediction 

ofTBW change using a single high frequency measurement should be poor because the ECW and 

ICW resistivities differ by a factor of 3 to 4 (Cole, 1972). To predict TBW volume, it must be 

assumed that TBW resistivity is constant. Such an assumption seems tenuous considering that a 

simple change in the ECW to ICW ratio can alter TBW resistivity. 

These results support the BIS or modeling approach. The implication is that the BIS method 

predicted BCM change better than the other methods because it is based on the Cole model. To 

explore if this was true, multiple regression analysis was used to predict ICW pre-Oxandrin® 

therapy using variables Ht, Wt and R1• According to the common model used, Hf/R, not R alone, 
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should correlate to water volume; thus, multiple regression was also performed using variables Hf/R1 

and Wt. The resulting equations were used to predict ICW pre- and post-Oxandrin® therapy. The 

change in ICW was computed and two-tailed paired t-tests were performed (a= 0. I 0). The equation 

using HfiR, and Wt performed best. The predicted ICW volume was similar to that obtained from 

the other methods (Table 4.3) with pre- and post-Oxandrin® correlations of0.77 and 0.88 and SEEs 

of2.27 and I.99, respectively; but the prediction ofiCW change was poor (P =0.015). We did not 

log-transform R, before running the regression analysis as suggested by Kotler et al. (I 996). It was 

not clear from the literature how to replicate the procedure, and it did not appear to have much 

validity because Xp predicted BCM change poorly (Table 4.4). 

The underlying basis for the mixture theory equations Xitron developed is that the 

relationship between Z and body water should be explained scientifically rather than randomly using 

multiple regression analysis. Use of a physical model (the Cole model) is an important first step, 

but according to theory the Z to body water association is complex and nonlinear due to conductor 

(ECW and ICW), nonconductor (fat and bone) interactions. As such, Cole model terms RE and R, 

are only model terms and not simply ECW and ICW resistances, respectively. To accurately predict 

ECW and ICW volume, mixture effects must be taken into accounted. The results of this study seem 

to support this premise because the good prediction of BCM change by the BIS method did not 

appear to be solely due to the use of the Cole model. The mixture theory equations used in this study 

have been fully described (De Lorenzo et al., 1997). 

It is generally understood that FFM is not an ideal measure of BCM because it includes 

ECW and solids (Moore and Boyden, 1963). Van Loan et al. (1999) recently reported the first 

successful prediction of FFM change using bioimpedance. BIS-determined FFM accurately 

predicted the nitrogen balance change in wasted AIDS patients following gonadal hormone therapy 
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(Van Loan et al., 1999). Xitron developed the BIS FFM equation used by Van Loan during 

cooperative research. The first successful prediction ofECW, TBW and FFM using BIS methods 

was reported in 1992 by Matthie et aL The BIS FFM equation is (d' Ecw V Ecw) + (d'1cw V1cw), where 

V ECW and V1cw are ECW and ICW volumes, and d 'Ecw and d' 1cw are the apparent densities of the 

ECW and ICW and their associated materials, respectively. The d' Ecw (1.45 glcm3 for males, 1.48 

glcm3 for females), and d'1cw(l31 glcm3 for males, 1.23 glcm3 for females) terms were adjusted by 

obtaining the best fit using FFM predicted from dilution volumes, against the densitometrically 

determined FFM (Van Loan et al., 1993). The traditional single frequency 50 kHz R-predicted TBW 

estimate of FFM (TBW/0.73) assumes the ECW to ICW, protein to ICW and water to bone 

relationships are fixed. The Xitron FFM method is theoretically less affected by changes in the 

ECW to ICW ratio, and would better account for changes in body protein assuming the protein to 

ICW ratio remained fixed. However, it is still dependent upon assuming a fixed water to bone 

relationship. The above d' Ecw and d'1cw coefficients are weighted so that the extracellular 

compartment influences the prediction more than the intracellular compartment. This is probably 

because the early devices predicted ECW significantly better than ICW. Using the above constants, 

if ECW and bone do not change, the Xitron FFM method would reasonably predict BCM change. 

However, FFM will never be a valid measure ofBCM because a change in bone or water changes 

the assumed water to bone relationship and causes error. On the other hand, the BIS ICW to BCM 

relationship is only dependent upon the ICW to protein ratio being fixed. 

The BIS methodology used in this study has been successfully validated in other clinical 

populations (Ho et al., 1994; Finn et al., 1996; van Marken Lichtenbelt et al., 1997), and there is 

evidence that ECW and ICW differences can be detected between patient groups (van Marken 

Lichtenbelt et al., 1997; Katzarski et al., 1999). While these previous findings add strength to the 
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findings of this study, it is unknown whether the results of this study are applicable to other 

populations. Hannan et al. ( 1998) reported that the BIS method did not accurately predict ECW and 

TBW, but the potential cause was not discussed. Hannan et al. have observedfc values approaching 

I MHZ (personal communication), and this is consistent with the recent report of Meyer et al. 

(1998). With an fc of lMHz, which is equal to the highest frequency measured, an accurate 

determination of R at the infinite frequency would be extremely difficult because there would be 

data on only one side of the semicircle to fit (Fig. 4.2). Even with these constraints, however, it 

appears that ECW can still be predicted accurately (Finn et al., 1996). 

Whenfc becomes too high, it is doubtful that either BIS or a fixed single high frequency 

measurement will accurately predict ICW change. If an accurate bioimpedance measurement were 

possible over a range of frequencies up to 5 MHZ, accurate computation ofthe Cole model might 

be possible when fc is very high. Bioimpedance can also be affected by ion concentration 

(Scharfetter et al., 1997), core and skin temperature, and orthostatic fluid shifts (Kushner et al., 

1996). Each clinical population presents unique limitations for the method. For example, when 

body water is not evenly distributed, as in ascites, the wrist-ankle approach used in this study would 

not yieid valid results (Schloerb et al., 1996). Furthermore, when changes in body water occur faster 

than equilibration can occur in the body segments, as would be the case with infusion and 

ultrafiltration, a segmental approach must be used (Tatara and Tsuzaki, 1998; Zhu et al., 1998). 

In conclusion, the results of this study indicate that the ICW5ox(K) and TBW200RCH>- ECW5R 

(H) methods predict ICW change poorly. The ICW change predicted by ICW50z<P> was not different 

from criterion, but the ICW change predicted by TBWsooR<H>- ECWsR(H) was different. However, 

for both of these methods the effect of random error on the measurement of Esvs was 12 - 13% of 

the average measured change. This was five times larger than the difference between the obtained 
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and critical threshold statistics. Although these methods predicted ICW change with only marginal 

accuracy, they can neither be clearly rejected nor accepted by the results of this study. However, 

because of potential variations in..fc and the considerable Esvs inherent in these methods, the utility 

of these methods is questionable. Systematic error indicates a poor underlying basis that will not 

be corrected by simply regressing equations against larger data sets (Kotler et al., 1996; Chertow et 

al., 1997). Random error decreases with sample size, but Esvs does not. The BIS method accurately 

predicted ICW (BCM) change. The obtained t-statistic for the BIS method was three times less than 

the critical threshold value, and the probability that the results were true was more than five times 

greater than the P value. The BIS method convincingly provided the best prediction of BCM 

change. This was particularly evident when individual results were compared. It can be concluded 

from the results that the BIS method accurately determines BCM changes in illV -infected 

individuals, and would be useful as a field method for monitoring BCM in this population. 
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Human immunodeficiency virus (HIV) is a retrovirus that adversely affects the immune 

system, specifically targeting and depleting the T-helper lymphocytes, characterized by the presence 

of the CD4 cell surface marker, ultimately leading to the development of acquired immunodeficiency 

syndrome (AIDS) (Stine, 1996). IDV infection is one of the most catastrophic illnesses, and impacts 

every aspect of an infected individual's life (Cella et al., 1996). More effective treatment strategies 

have allowed people with mv infection to remain healthy for longer periods of time; however, the 

inevitable progressive dysfunction of the immune system is accompanied by a gradual physical and 

functional decline which can significantly impact quality of life (Kotler, 1997; Strawford and 

Hellerstein, 1998). Quality oflife, or health-related quality oflife as it is often termed, is a concept 

that encompasses several dimensions. It has been defined as "an individual's subjective experience 

of the impact of illness and treatment upon physical, psychological, social and functional well-being" 

(Cella et al., 1996). Functional well-being or functional status may be reflected by a person's ability 

to perform self-care activities, physical activity, work or household activities, and can be adversely 

affected by the presence and intensity of disease and treatment-related symptoms (Ganz et al., 1993 ). 

The physical decline which occurs as the disease progresses causes most individuals to significantly 

limit both social and work activities, and most are ultimately forced to quit their jobs and seek out 

assistance with even the most basic household and personal care activities (Cella et al., 1996). In 
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addition, the psychological burden ofHIV infection can be enormous, leading to depression, anxiety, 

guilt, anger, and fear (Perry et al., I 990). 

The physical effects ofHIV infection, either as a direct result of the virus or as a secondary 

effect of treatment, may include chronic gastrointestinal dysfunction such as nausea, vomiting, 

anorexia, and diarrhea, persistent fatigue, and weight loss (Babameto and Kotler, I 997). Weight loss 

and malnutrition are common in IDV infection, and are thought to contribute to immune dysfunction 

and the progression to clinical AIDS (Muurahainen and Mulligan, 1998; Strawford and Hellerstein, 

I 998). It has been reported that malnutrition and weight loss are independent predictors of survival 

(Guenter et al, I 993; Palenicek et al, 1995; Silttrnann et al, 1995), and that as little as 5% weight loss 

from usual body weight is associated with an increased risk for mortality and opportunistic infections 

(Wheeler et al, 1998). 

Although weight loss is often used as a criterion for assessing nutritional status and has been 

shown to correlate with morbidity and mortality in HIV infection, change in body composition, 

specifically loss of body cell mass (BCM), has been most strongly correlated to timing of death from 

AIDS (Kotler et al., 1989a; Babameto and Kotler, 1997). In fact, BCM depletion has been observed 

to precede overt weight loss even in the early stages ofillV infection (Ott et al., 1993), and a critical 

level ofBCM must be maintained for survival (Kotler et al., 1989a). 

As with many other aspects ofillV infection, weight loss and malnutrition may significantly 

impact quality of life, either by affecting a person's physical ability to carry out daily activities 

and/or by adversely impacting a person's sense of well-being (Chlebowski, 1985; Casey, 1997; 

Strang, 1997). In clinically stable illV patients, BCM, but not body weight, has been shown to be 

significantly correlated with quality of life, independent of immune function (Turner et al., 1994). 

The exact relationship between weight loss and/or BCM depletion and diminished quality of life has 
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yet to be elucidated, but it has been suggested that it may be at least partly due to the loss of skeletal 

muscle mass with accompanying weakness and fatigue, or to decreased energy available for physical 

activity (Babameto and Kotler, 1997), or it may be mediated by the multitude of factors that cause 

wasting, such as anorexia and other gastrointestinal symptoms (Cella et al., 1993; Lubeck et al., 

1993). Anorexia itself can adversely impact quality of life by affecting a person's ability to 

participate in meals with family and friends, constituting a major impact on a person's social life 

(Tchekmedyian et al., 1990). Additionally, progressive weight loss is often associated with a 

negative body image, with an accompanying decrease in perceived well-being (Strang, 1997). It has 

yet to be established whether or not reversal of weight loss or repletion of BCM can significantly 

improve quality of life. 

While the concept of evaluating the impact of any clinical intervention on health-related 

quality of life has been gaining recognition as an important addition to clinical trials, few studies of 

HIV patients have included comprehensive quality oflife assessment in their protocols. This may 

be due to the fact that, although there are many different health-related quality of life instruments, 

there has not been a consensus on the best way to assess quality oflife (Tsevat, 1994 ). Furthermore, 

there have been few instruments available which address the specific issues relating to HIV 

infection. 

Many instruments that have been used in IDV clinical trials were developed for general 

applications or for use in the cancer population, including the Quality of Well-Being (QWB) Scale, 

Medical Outcomes Study (MOS) General Health Survey, the Sickness Impact Profile (SIP), and the 

Karnofsky Performance Status scale (Hays and Shapiro, 1992). The MOS health rating scales have 

been modified by adding HIV -specific items, creating the MOS-IDV short-form health survey (Wu 

etal., 1991 ), and the AIDS Health Assessment Questionnaire (AIDS-HAQ) (Lubeck and Fries, 1992; 
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Lubeck and Fries, 1993; Cella et al., 1996). The HIV Overview ofProblems- Evaluation System 

(HOPES) is an instrument that was adapted from the Cancer Rehabilitation Evaluation System 

(CARES), and has been positively evaluated as a tool for assessing quality of life in HIV patients; 

however, it is very lengthy, with a total of 165 items, making it impractical for most research 

applications (Ganz etaL, 1993). The majority of the scales used have been criticized for being either 

too generic, too lengthy, or not comprehensive enough to provide a balanced assessment of the 

multidimensional issue of quality of life in HIV infection (Hays and Shapiro, 1992; Tsevat, 1994). 

Cella et aL ( 1996) developed an HIV -specific questionnaire, the Functional Assessment of 

Human Immunodeficiency Virus Infection (F AHI) quality of life instrument, which was derived 

from a core questionnaire that was validated and used in the cancer population (the Functional 

Assessment of Cancer Therapy - General (FACT -G). The F AHI includes a comprehensive battery 

of items, including subscales assessing physical, social, emotional, and functional status which can 

stand alone as subscales for specific domains, and can be included in an overall score for global 

assessment. Additional advantages are that the FAHI is relatively brief (44 items) and easy to 

complete. Also derived from the FACT-G is the Functional Assessment of Anorexia/Cachexia 

Therapy (F AACT), which has been developed to address illV -specific concerns affecting appetite 

and food intake. Although the F AHI appears to be an excellent quality of life instrument, with good 

internal consistency and reliability (Cronbach's coefficient Cl = 0.82-0.86), it has only been used in 

one published clinical intervention trial in HIV patients (Timpone et al., 1997). Due to these 

attributes, the F AHI was selected to assess quality of life changes in the current study of illV

infected individuals receiving treatment for weight loss. 

The focus ofHIV -related research has begun to tum toward the investigation of supportive 

therapies, including interventions aimed at improving nutritional status. Given that many of the 
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symptoms associated with IllV infection and AIDS can adversely impact nutritional status and body 

weight, and given that many of these symptoms may have adverse effects on quality oflife, it seems 

particularly important that any intervention aimed at reversing weight loss and improving nutritional 

status should not only be evaluated for its ability to produce the desired clinical effect, but also for 

its impact, positive or negative, on quality of life. In this study, quality of life was assessed in 

relation to changes in body cell mass (BCM) in response to anabolic steroid and nutritional 

interventions. 

The purpose of this study was to explore the relationship between weight and BCM changes 

with changes in quality oflife parameters. Specifically, the primary objective of the current study 

was to determine if change in body weight and BCM as a result of oxandrolone therapy and 

nutritional management in HIV-infected individuals was associated with an increase in quality of 

life, functional status or physical well-being, or appetite. It was hypothesized that weight and/or 

BCM gain can improve quality of life parameters in this population. 

Methods 

Study Design 

This study was part of a comprehensive prospective descriptive study over a 4-mo period 

of HIV -infected individuals who were undergoing treatment for weight loss with the anabolic 

steroid, oxandrolone (Oxandrin®, BTG Pharmaceuticals, Iselin, NJ) in conjunction with 

comprehensive nutritional management. Quality of life parameters were evaluated prior to initiating 

nutritional and oxandrolone therapy (baseline) and at the conclusion of the study. The time on 

treatment averaged 18.6 wk; only 4 subjects deviated significantly from this mean, with final 

measurements at 6, 28,35 or 40 wk. 
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Subjects 

Subjects were recruited from an outpatient clinic with a population of approximately 600 

HIV-infected patients. All individuals over age 18 y with a history of weight loss, who were 

receiving standard antiretroviral therapy, and whose primary care physician prescribed oxandrolone 

therapy, were recruited to participate in this study. Males with prostate cancer, pregnant or lactating 

females, and anyone with renal disease, hepatic disease, severe dementia, history of medication 

noncompliance, or those with poor functional status were excluded from the study. Thirty-one 

subjects underwent baseline assessment. Six of these individuals dropped from the study, 

representing an attrition rate ofl9%. Twenty-five subjects (24 male, I female) between the ages of 

27 and 56 y, with a mean age of 40.9 ± 7.2 y completed the study. The ethnic distribution of the 

subject population was as follows: 64% were Caucasian, 24% were Hispanic, and 12% were 

African-American. Of these, 24 subjects (23 male, I female) were maintained on an oxandrolone 

dose of20 mgld, while one subject's daily dose was reduced to 10 mg after I mo. Fifteen subjects 

had an AIDS diagnosis. All subjects were on combination antiretroviral therapy and 19 were taking 

protease inhibitors. Twelve subjects had lost at least 10% of their usual body weight in the 6 to 12 

mo prior to the start of the study. 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). 

Procedures 

Subjects came to the Metabolic Monitoring Laboratory at The University of Arizona for 

comprehensive assessment of quality oflife parameters before initiation of nutritional management 

and oxandrolone therapy for weight loss and at the conclusion of the study. 
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Anthropometric assessment. During each visit, body weight (Wt) was measured to the 

nearest 0.05 kg with a digital platform scale (Kubota model K-1 0-300L-A, Chugai Boyeki (America) 

Corp., Commack, NY). Subjects were instructed to wear the same lightweight clothing at each visit. 

Standing height (Ht) was measured to the nearest 1 mm with a stadiometer (Narragansett Machine 

Co., Providence, RI). 

Body water volumes determination. Criterion estimates ofTBW and ECW were derived 

from deuterium eH) and bromide dilution, respectively. While still in a fasted state and after 

baseline urine and venous blood samples were collected, subjects were given a weighed dose of 

deuterium oxide eH20; 99.8 atom%; Isotec Inc., Miamisburg, OH) equivalent to 0.15 glkg TBW. 

In order to calculate the dose, an estimate ofTBW was obtained by single-frequency bioelectrical 

impedance analysis using the Kushner et al. {1992) equation. Immediately afterward the subjects 

drank a measured dose of a sodium bromide (NaBr; Sigma, St. Louis, MO) solution, providing 1.0 

ml of3% (w/v) solution per kg body weight. Dose solutions were administered from paper cups and 

followed by a 30 ml wash with deionized, distilled water. A 3-h equilibration period, during which 

subjects did not ingest anything, was allowed for ECW determination by bromide dilution. A second 

blood sample was drawn at 3 h post-bromide dosing and a light snack was provided immediately 

after the second blood draw. At 5 and 6 h after dosing with 2H20, urine samples were collected for 

TBW determination by 2H dilution. Blood samples were collected in 10 ml tiger-top vacutainer 

tubes and centrifuged at 3000 rpm for 20 min to separate serum. Two, 2.5-ml aliquots of each serum 

sample and three, 5-ml aliquots of each urine sample were stored frozen at -80°C in airtight 

cryogenic vials until analysis. 

Urine samples were analyzed for 2H enrichment by the NIDDK laboratory in Phoenix, AZ. 

After treatment with activated charcoal, enrichment of 2H was determined using an isotope ratio 
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mass spectrometer (model DeltaS; Finnigan MAT GmbH, Bremen, Germany) and hydrogen 

equilibration with Pt catalyst (250 Jlm diameter of3% by weight Pt beads, Shoko Co. Ltd, Minatoku, 

Tokyo 105, Japan), as described by Coplen and Harper (1994). TBW was calculated as described 

by Schoeller et al. ( 1980). 

Serum samples underwent bromide analysis at the Pennington Biomedical Research Center, 

Baton Rouge, LA. Serum bromide enrichment was determined by the high-performance liquid 

chromatography (HPLC) method ofMiller and Cappon (1984 ). ICW was estimated as the difference 

between TBW and ECW. 

Body cell mass determination. Body cell mass (BCM) was estimated from ICW measured 

by dilution (liters TBW by deuterium dilution- liters ECW by bromide dilution= liters ICW/0.993 7 

=kg ICW), using the following equation: kg BCM =kg ICW /0. 70. This is based on the assumption 

that cells are comprised of 70% water. 

Quality of life and appetite assessment. Quality oflife was assessed by the self-administered 

Functional Assessment of Human Immunodeficiency Virus Infection (F AHI) quality of life 

instrument. Written consent to use the F AHI was provided by Cella and associates prior to the 

initiation of the study. The latest version of the FAHI (Version 3) instrument (Appendix B) was 

used in this study. The instrument contained 37 individual items which were scored. Subscale 

scores were obtained for the following domains within the FAHI: physical well-being (7 items); 

sociaVfamily well-being (7 items); relationship with doctor (2 items); emotional well-being (5 

items); functional well-being (7 items); and HIV-specific additional concerns (9 items). Subjects 

were asked to rate on a 5-point response scale how true a series of statements were for them during 

the previous seven days. Responses were as follows: 0 = not at all; 1 =a little bit; 2 = somewhat; 

3 =quite a bit; and 4 =very much. Items within each subscale were reverse coded, as appropriate, 
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based upon scoring guidelines provided by Cella and associates. Missing items were handled by 

prorating the subscale score using the following equation: prorated subscale score = (sum of item 

scores)x (number of items in subscale)/(number of items answered). According to Cella and 

associates, more than 50% of the items in a subscale had to be answered in order to maintain the 

validity of the subscale after prorating the score. A score was obtained for each of the six subscales 

within the F AHI, and were then summed to get an overall F AID quality of life score. Appetite was 

assessed at each visit to the Metabolic Monitoring Laboratory by the Functional Assessment of 

Anorexia/Cachexia Therapy (F AACT) (Appendix C), which addresses HIV -specific concerns 

affecting appetite and food intake. 

Data analysis. Statistical analyses were obtained using the SPSS for Windows, version 8.0 

software (SPSS Inc., Chicago, IL). Repeated measures ANOV A was used to analyze differences in 

body weight, BCM, body water compartments, and quality oflife parameters from baseline to study 

conclusion. The Pearson's product moment correlation (r) was used to evaluate the relationship 

between changes in BCM or weight and change in overall quality oflife, reflected by change in total 

F AHI score. Correlational analyses were also used to evaluate the association between changes in 

BCM or body weight and functional status, physical well-being, and appetite scores. The F AACT 

appetite scale and each FAHI subscale were analyzed for internal reliability by Cronbach's a. 

Results 

A comparison of baseline and post-intervention characteristics of the study participants are 

presented in Table 5.1. Both weight and BCM significantly increased from baseline to study 

conclusion among the study participants. As predicted, weight gain was significantly associated with 

an increase in overall quality of life (P = 0.040; Table 5.2) and appetite (P = 0.022; Table 5.2). 
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Table 5.1 Comp_arison o[.l!.arameters from baseline' to study conclusion 

n Baseline Study Conclusion F Pvalue 

Weight, kg 25 67.90 ± 9.50 70.49±9.72 18.95 0.000 

BCM, kg 25 32.18 ± 4.65 35.83 ± 5.40 37.23 0.000 

TBW,I 25 39.59 ± 4.29 42.36± 5.35 31.07 0.000 

ECW,l 25 17.21 ± 2.26 17.43 ±2.68 0.86 0.363 

ICW,l 25 22.38±3.23 24.92 ± 3.76 37.23 0.000 
1Baseline =prior to initiation of nutritional management and oxandrolone therapy. Values are 

means ± SD. BCM, body cell mass; TBW, total body water criterion determined by deuterium 
dilution; ECW, extracellular water criterion determined by bromide dilution; ICW, intracellular 
water criterion estimated as TBW -ECW. 



Table 5.2 Quality of life changes in relation to weight change1 in HIV-in.focted individuals 
cifier oxandrolone therapy and nutritional intervention 

Quality of Life Parameter n r p 

Overall quality of life 25 0.414 0.040 

Physical well-being 25 0.390 0.054 

Functional status 24 0.320 0.128 

Appetite 25 0.457 0.022 
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•compared by correlational analysis using the Pearson's product moment correlation 
Overall quality of life, reflected by the Functional Assessment in HIV Infection (F AHI) quality 
oflife instrument total score; Physical well-being, reflected by the physical well-being subscale 
score of the F AHI; Functional status, reflected by the functional status subscale score of the 
F AHI; Appetite, reflected by the Functional Assessment of Anorexia/Cachexia Therapy (F AACT) 
total score. 
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Weight gain was also correlated with improved physical well-being, with trend level significance 

(P = 0.054; Table 5.2). Conversely, BCM change was not associated with any change in quality of 

life parameters (data not shown). Appetite improved from pre- to post-treatment (P = 0.032; Table 

5.3), and overall quality of life improved from pre- to post-treatment with trend level significance 

(P = 0.056; Table 5.3). 

Reliability analysis revealed that the 7-item physical well-being subscale ofthe FAHI had 

excellent reliability, with a Cronbach 'sa of0.91 (n = 23). The 7-item functional status subscale had 

adequate reliability, with a Cronbach's a of0.78 (n = 23). The 18-item appetite scale (FAACT) also 

had adequate reliability, with a Cronbach's a of0.77 (n = 23). 

Discussion 

As stated above, the results from this study provide support for some, but not all hypotheses. 

First and foremost, it is encouraging that quality of life and appetite improved as a result of 

treatment. However, given the clinical importance ofBCM change, it is somewhat surprising that 

weight gain, but not BCM gain, was associated with improvement in perceived quality oflife in this 

population of HIV·infected individuals with a history of weight loss. In particular, it seems 

reasonable to expect a relationship between change in BCM and perceived physical well-being and 

functional status, even ifthere is no association with overall quality of life. However, this was not 

the case. This issue warrants further consideration. 

These results are not entirely inconsistent with previous research. For example, individuals 

who gain weight aftertreatmentwith megestrol acetate report a significant improvement in perceived 

well-being and appetite, even when the majority of the weight gained is body fat (Oster et al., 1994; 

Von Roenn et al., 1994). It may be that weight gain is a more directly perceivable physical change 
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Table 5.3 Comparison o[quality o[li[e parameters from baseline1 to study conclusion 

Quality of Life Parameter n Baseline Study Conclusion F P Value 

Overallqualityoflife 25 128.1±26.6 137.7±25.9 4.0 0.056 

Physical well-being 

Functional status 

Appetite 

25 

24 

25 

20.5 ±6.7 

20.2±4.6 

49.7±9.6 

21.7±5.4 

20.4±4.6 

54.0 ± 10.3 

1.4 

0.05 

5.2 

0.250 

0.820 

0.032 

1Baseline =prior to initiation of nutritional management and oxandrolone therapy. Overall 
quality of life, reflected by the Functional Assessment in HIV Infection (F AID) quality of life 
instrument total score; Physical well-being, reflected by the physical well-being subscale score 
of the F AH.I; Functional status, reflected by the functional status subscale score of the F AHI; 
Appetite, reflected by the Functional Assessment of Anorexia/Cachexia Therapy (F AACT) total 
score. 
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than an increase in BCM. Individuals who regain lost weight may be more likely to notice an 

improvement in their outward appearance, associated with a positive gain in perceived well-being 

and other quality of life parameters, than individuals who merely experience an increase in BCM 

with weight gain of a lesser magnitude. In future studies, it may be useful to actually measure 

change in physical strength as well as to assess subjective physical well-being. The use of an 

objective indicator may be more sensitive to the effects ofBCM change. 

One other explanation can be considered regarding the lack of a relationship between BCM 

change and quality of life. There may be a time lag in the perception of improved quality of life in 

response to repletion ofBCM, such that individuals would gradually become more physically active 

following a period ofBCM repletion, ultimately leading to improved functional status and perceived 

quality of life. In other words, the 4-mo duration of this study may not have been long enough to 

elicit significant change. 

With continuing improvement in clinical management strategies for HIV infection, there has 

been a critical shift in the management of HIV infection as a chronic rather than terminal disease. 

This shift has led to an increase in research on supportive therapies. De~pite these improvements, 

weight loss and malnutrition remain a critical issue for HIV -infected individuals. While outcome 

parameters in clinical trials have been expanded beyond life and death, the focus of most research 

has been focused on clinical indicators, such as CD4+ count, viral load, BCM repletion, or weight 

gain. Although these are all important outcome parameters for gauging improvement in clinical and 

nutritional status, it is increasingly importantto consider both physical and psychological well-being 

in response to clinical interventions. This study represented an attempt to examine the relationship 

between a positive change in BCM and weight and quality of life indicators. In conclusion, it is 
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encouraging that quality of life and appetite, in addition to nutritional status, can be positively 

impacted in HIV-infected individuals receiving a combined therapeutic intervention for weight loss. 
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CHAPTER6 

CONCLUSIONS 

As the efficacy of clinical management of IllV infection continues to improve, there is a 

growing need for outcomes research to focus on finding ways to improve physical well-being and 

quality of life. Weight loss and BCM depletion are two clinical issues that have received ongoing 

attention from researchers, given that both are potent predictors of morbidity in lflV-infected 

individuals. In this series of studies, three primary issues were addressed. First, the relationship 

between pharmacological (oxandrolone) and nutritional therapies and changes in BCM and body 

weight was examined over a 4-mo clinical descriptive trial. Second, the impact of these changes was 

considered in terms of quality of life change. Third, these analyses provided an opportunity to 

compare and contrast field methods for measuring BCM change. 

An important consideration regarding the current research and in fact, all human clinical 

research revolves around the difficulties in conducting controlled intervention trials. Only about 

35% of all intervention trials for HIV-associated weight loss have been controlled. It is very rare 

to employ a controlled study design in nutrition intervention trials, given that nutritional intervention 

is generally accepted to be beneficial. It is more common to control pharmacologic intervention 

trials; however, once efficacy has been established for a given therapy, it is no longer ethically sound 

to conduct placebo-controlled trials. This was indeed the case for the use of oxandrolone for HIV

associated weight Joss. Because Berger et a!. (1996) established efficacy in a placebo-controlled 

trial, it was our primary intent to conduct a descriptive clinical evaluation to observe changes in body 

weight and BCM in HIV -infected individuals receiving a course of treatment for weight loss 

including oxandrolone therapy in combination with nutritional intervention. 
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There were a number of compelling findings in this research. First and foremost, IllY

infected individuals receiving oxandrolone i~ conjunction with comprehensive nutritional 

management were observed to gain both body weight and BCM. Interestingly, underweight 

individuals trended toward gaining proportionally more weight, but less BCM than more normal 

weight individuals. This suggests that early identification may be critical to successful intervention 

for BCM depletion and weight loss. Mean level improvement was also observed in overall quality 

of life and appetite. Significant relationships were observed between weight gain and improved 

quality of life, physical well-being, and appetite. In addition to these outcome-based results, the use 

of bioimpedance spectroscopy (BIS) appears to have several advantages over the more commonly 

used single-frequency bioelectrical impedance method for measuring BCM in the field, including 

improved validity for clinical populations. Because BCM is a more potent indicator of nutritional 

status than body weight, and there exists a valid and affordable means to assess BCM in the field, 

it is hoped that BIS will replace single-frequency BIA as the field method of choice. Additional 

validation studies would be useful in providing further support for this method. 

In conclusion, based on these findings, it appears that a multi-faceted approach may be most 

effective in the treatment of weight loss and BCM depletion in IDV -infected individuals. Even 

though specific causal relationships were not determined, significant changes were observed in all 

important outcome measures. It remains for future research to more clearly reveal the nature of these 

specific relationships. 
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THE U NIVERSITY OF 

ARIZONA. 
H EALTH SCltNC£.5 CtNT!R 

26 Augus:: !997 

~ancia Howell. Ph.D. 
~epartment of Nutr~::~=~a~ ~ciences 
Shantz 32~ 
?0 EOX 210038 

[\ ! 1 ( \IJ.OC' I ~I 

r 0 Uud i SI 37 
rul.'~n. An: onl ri~ i .2" · ~1lf 
. s~01 n!o-o: l: 

RE: HSC #97-139 EFF~:7S OF OXANDRI~ 7HERn?Y ON BODY COMPOSITIC~ . 

WEIGHT, AND QUAL:7Y OF LIFE IN H!V I~FEC7ION 2nd review 

Dear Dr . Howell: 

~~e Human Sub j ects cc~~~t::ee again r ev1ewec your above referenced 
~:-eject . Based on :.~formation presented :=y you and als o your 
response l etter of 14 ~ugus:: !~97 and accompanying revised ProJect 
Approval Form and Consent Form, all conditions as set out in our 22 
July 1997 letter to you have been met . (Additionally a new title, 
"Body Composition and Quality of Life Changes in Hrl Infection• 
repl aces that as cited above. ) Therefore , full Committee approval 
i s granted effective 26 August 1997 for a period of one year. 

The Human Subjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance , number 
M-1233 , which is on file with the Deoartment of Health and Human 
Services and covers this activity. -

Approval i s granted wi::~ the understanding t hat no further changes 
or additions will be made either to the procedures followed or to 
the consent form(s) used (cooies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
phys~cal or psycholog~cal harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason . 

Sincerely yours , 

William F Denny, ~ . D. 
C~airman 
Human Subj ects Commit::ee 

'..iFD: rs 

~epartmenta l /Ccl:ege Review Comm~t::ee 
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METABOLIC MONITORING LABORATORY 

THE UNIVERSITY OF ARIZONA 
DEPARTMENT OF NUTRITIONAL SCIENCES 

Body Composition and Quality of Life Changes 

in HIV Infection 
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IAMBEINGASKEDTOREADTHEFOLLOWINGMATERIAL TOENSURETHATIAM 
Th"'FORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I WILL 
PARTICIPATE IN IT, IF I CONSENT TO DO SO. SIGNING TIDS FORM WILL 
Th'DICATE THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. 
FEDERAL REGULATIONS REQUIRE WRITTEN INFORMED CONSENT PRIOR TO 
PARTICIPATION IN TIDS 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 voluntarily participate in the above titled research study to assess the 
relationship between changes in body composition and weight, quality of life, functional status, and 
overall health status in HIV -infected individuals over 4 months of standard treatment for HIV 
infection. A secondary purpose of the study is to compare the ability of different methods of 
measuring body composition to detect changes in body composition. 

SELECTION CRITERIA: 
I am being invited to participate in this study because I am over the age of 18, am IllV -positive, and 
have a documented history of weight loss, or have a CD4 count of~ 400 mm3

• I am currently free 
of acute uncontrolled opportunistic infection. I do not have liver or kidney disease, and I have no 
difficulty feeding myself or taking care of other activities of daily living. If I am a woman, I am 
neither pregnant nor lactating. A maximum of60 subjects will be enrolled to participate in the above 
titled study. 

STANDARD TREATMENTS: 
This study does not involve any treatment. 
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PROCEDURES: 
Ifl agree to participate, I will be asked to agree to the following: 
7. Have my medical history and medical records reviewed. 
8. Answer questions about my appetite, health, ability to function, emotional well-being, physical 

activity, appetite, and overall quality of life. 
9. Provide information about my diet and the amount of food I eat. 
I 0. Have my weight, height, blood pressure, and body temperature measured. 
11. Have my body water and fat-free mass assessed by bioelectrical impedance. 
12. Have my bone density and fat mass measured by x-ray scanners. This will involve lying on a 

padded table for 20 minutes while a scanner moves slowly over my body. 
13. Have my total body water measured by drinking a small dose of "heavy water'' or deuterium 

oxide. This type of water is present in all drinking water in small amounts, and is present 
naturally in my body. 

I 4. Have my extracellular water measured by drinking a small dose of3% sodium bromide solution. 
Sodium bromide is a naturally occurring salt which is colorless, odorless, tastes like table salt, 
and is nontoxic in the amounts that I will be taking. 

15. Fast for 8-I2 hours the night before coming to the Metabolic Monitoring Laboratory for resting 
energy expenditure assessment, which will be done using a ventilated hood and an indirect 
calorimeter. 

I 6. Allow 2 teaspoons of blood to be taken from a vein in my arm two times (3 hours apart). Blood 
will be analyzed for sodium bromide concentration for the measurement of extracellular water. 

17. Collect my urine for a 24 hour period so that urinary nitrogen can be measured .. 
18. Give a urine sample two times (5 hours apart). Urine will be analyzed for deuterium oxide 

concentration for the measurement of total body water. 

I agree that these procedures can be repeated 2 and 4 months later. 

RISKS: 
My participation in this study may involve risks which are currently unforeseeable. If important 
information regarding the safety of the testing is discovered, I will be informed of it before 
continuing participation. Several risks already known are the following: 
1. Each x-ray scan involves exposure to x-rays equal to less than 1/5 of a chest x-ray. Such 

exposure is not thought to pose any risk .. 
2. Deuterium oxide (heavy water) is colorless, odorless, tasteless, present in all drinking water, and 

is not toxic in the amount given. 
3. Sodium bromide is colorless, odorless, tastes like table salt, is found normally in nature, and is 

not toxic in the amount given. 
4. During blood collections, there may be a slight discomfort from the needle puncture of the skin. 

There is also a chance that a bruise or swelling may occur where the needle is placed in my arm. 

BENEFITS: 
There are no guaranteed benefits to participating in this study. However, I will be told about aspects 
of my nutritional status which might be useful to me. 
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CONFIDENTIALITY: 
All information concerning my participation and any results of the various tests done in the study 
will be kept strictly confidential. Should results of this study be reported or published, no individual 
subjects' names will be used. All information will be filed according to a number identification 
coding system. 

PARTICIPATION COSTS AND SUBJECT COl\1PENSATION: 
I will not be charged for any of the procedures or materials used in this study. No compensation will 
be provided to me for my participation in this 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. Known side 
effects have been described in this consent form. However, unforeseeable harm may also occur and 
may 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 regardless of my ability to pay. I can obtain further 
information from the principal investigators, Carrie Earthman, M.S., R.D. at (520) 621-9904, Wanda 
H. Howell, Ph.D., R.D. at (520) 621-1619, or Drs. Kevin Carmichael and Kelly Vollmer at (520) 
628-8287. Ifl have questions about my rights as a research study participant, I may call the Human 
Subjects Committee office at the University of Arizona at (520) 626-6721. 

AUTHORIZATION: 
BEFORE GIVING MY CONSENT BY SIGNING THIS CONSENT FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME AND MY 
QUESTIONS 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 OR AFFECTING MEDICAL CARE. MY 
PARTICIPATIONINTHISPROJECTMAYBEENDEDBYTHEINVESTIGATORORBYTHE 
SPONSOR 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 BECOMES AVAILABLE. I UNDERSTAND THA TTHIS CONSENT FORM WILL BE FILED 
IN AN AREA DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE PRINCIPAL INVESTIGATORS OR AUTHORIZED 
REPRESENTATIVES, INCLUDING CARRIE EARTHMAN, M.S., WANDA HOWELL, PH.D., 
KEVIN CARMICHAEL, M.D., KELLY VOLLMER, M.D. I UNDERSTAND THAT I DO NOT 
GIVE UP ANY OF MY LEGAL RIGHTS BY SIGNING THIS FORM. A COPY OF THIS 
SIGNED CONSENT FORM WILL BE GIVEN TO ME. 

Subject's Signature Date 

ID # _______ _ 
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INVESTIGATOR'S AFFIDAVIT 

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 this consent form understands clearly the nature, 
demands, benefits, and risks involved in his/her participation and his/her signature is legally valid. 
A medical problem or language or educational barrier has not precluded this understanding. 

Signature of Investigator Date 
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APPENDIXB 

PAFFENBARGER PHYSICAL ACTIVITY QUESTIONNAIRE 



Paffenbarger Physical .-\ctiviry Questionnaire 

I . How many citv biocKs or their eaui\·aient cio \· ou norm aii\· waik e~ch da.v 1 ___ blocKs. ciav 

(Let 1: blocks= ; ::1iie1 

.., What ts your usuai pace or waiking 1 (Please check one. 1 

a. __ Casuai or strolling \ iess than 2 :nph 1 b. .~verage or normal (2 to 3 mph 1 

c. _Fairly brisk (3 to 4 mph ) d. _Brisk or striding l4 mph or fasten 

3. How many tlights or stairs to you climb~ each dav'J _ tlights1day (Let I flight= I 0 steps.) 

4 List any sports or recreation vou have actively panicipated in during the past~-

Please remember seasonai spans or events . 

Sport. Recreation. or Other Phvsical Activitv 

a. 

b. 

c. 

d. 

e. 

f. 

Number of 
Times1vear 

Average 

Time1Episode 

Hours Minutes 
Years 

Parti ci oation 

5. Which of these statements best expresses your view? (Please check one.) 

a. _ I take enough exercise to keep healthy. b. _ I ought to take more exercise. c. _ Don 't know 

6. At least once a week. do you engage in regular activity akin to brisk walking, jogging, bicycling, 

swimming, etc. long enough to work up a sweat, get your heart thumping, or get out of breadt? 

No Why not? ------ _Yes How many times per week?_ Activity : _____ _ 

7. When you are exercising in your usual fashion. how would you rate your level of exertion 1 degree of 

effort)? (Please circle one number.) 

0 . .5 

1 
Sarmal V<:rV wrv V<:rV ...... ()_ 

nouCIUIIIc ) 

I 
\ 1ocWa&c 

10 

miJQIDIII 
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S. On a usuai \\·eei<dav and a weekend 03.\'. r. O\v mucn !:me do \'OU soena on tne ~·oiiowmg acu\'ities 1 

Total for each dav shouid add to .:-i hours 

a. Vtgorous acuvm (dtggmg m the garden. strenuous 

spons. JOggmg. aerobic dancmg. sustamed 

swmmung. bnsk waiking.. he a\>. c:lJ1)ent.rv . 

bicycilng on hills. etc . l 

b. Moderate acumy thousework. light spons. rcguiar 

walking, golf. Yard work. lawn mowmg. pamung. 

rep;unng,light cailJentry, ballroom dancmg. 

biC'\·cling on le\'el ground. etc. l 

c. Ltgtu 3CU\1ty toffice work.. dnvmg c;n. strolling. 

personal care. standing with little mouon. etc . l 

d. Sinmg acuvny teaung, reading. desk work. 

watching 'IV. listening to radio. etc.} 

e. Sleepmg or rechrung 

i..." sual \\' eekda\ 

Houi'S/DaY 

1_· suai \\'eekend DaY 

HoursiDaY 
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INFECTION QUALITY OF LIFE INSTRUMENT 

(FAHI) 
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FAHI (Yersion 3) 

Below is a list or statements that ·other people \\·ith \·our iiiness have said are imPonam. 
By cirding one number per tine, please indicate how true each statement has been for 
you during the past 7 days. 

1. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

PHYSJC.\,1. \VEl I -BEING 

I have a Jack of energy .. .. .. ..... .... ... .. ... .. .... ........ .... .. ... .............. ........ . 

I have nausea ........... ... .... ....... .. ....... .... ... ............. ... .. .. ...... ... .... .. .... . . 

Because of my physical condition. I ha\'e trouble meeting 

the needs of my family .... .......................................... ................ ... .. . 

I have pain ..................................................................................... . 

I am bothered by side effects of treatment ........... ............................ . 

I feel ill. ................................. .... ..................................................... . 

I am forced to spend time in bed ... ................................................. . . 

Looking at the above 7 questions. how much would you say your 

PHYSICAL \VELL-BEING affects your quality of life? 

0 1 2 3 4 

Not at all 

SOCIAI./FAMII Y \YELl -BEING 

I feel distant from my friends ... ................ ......... ................................. 

I get emotional support from my family .......................................... 

I get support from my friends and neighbors ................................... 

My family has accepted my illness .................................................. 

Family communication about my illness is poor ............................ .. 

I feel close to my partner (or the person who is my main support) ... 

Have you been sexually active during the past year? 

No - Yes - If yes: I am satisfied with my sex life ......... .... 

~. o t 

;; t a ll 

() 

I) 

0 

0 

0 

0 

0 

5 

not 

at all 

0 

0 

0 

0 

0 

0 

0 

a :mle some· q ~ne .-erv 

.. " nat a o:t much 

., 
-+ - -

., 
-+ - -

2 3 4 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

!Circle one number) 

6 7 8 9 10 

Very much so 

a li ttl e some· QUite very 

b: t what a bn much 

1 3 4 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

1 ' 4 

16. Looking at the above 7 questions. how much would you say your 

SOClAL/F AMILY \VELL-BEING affects your quality of life? 1circle one number) 

0 2 3 -t 5 6 7 8 9 10 

~ot at all Very much so 
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FAHI (Yersion 3) 

Please indicate how true each statement has been for you during the ~ast 7 days. 

REI AIIONSHIP \\'IIH DOCTOR :-:nt J tltt!C ,.,me- ouue ' av 
~~all :-,11 \\hJt J hu much 

17. I have confidence in my doctor(s) .... .... .. .......... ............................... 0 

1 S. My doctor is available to answer my questions... .... ....................... .. 0 

19. Looking at the above 2 questions. how much would you say your 

RELATIONSHIP \\'ITH THE DOCTOR affects your quality 

3 -+ 

3 -+ 

1 c1rcle one numben 

of life? 0 1 3 -+ 5 6 i 8 9 10 

Not at all 

EMOTIONAl \YELl-BEING 

20. I feel sad ........................................................................................ . 

21. I am proud of how I'm coping with my illness ............................... .. 

22. I am losing hope in the fight against my illness .......... ....... ........ ..... .. 

23. I feel nervous ............................ ..... ... ....................... ...................... . 

24. I worry about dying ................. ....................................................... . 

25 . I worry that my condition will get worse ....................................... .. 

26. Looking at the above 6 questions, how much would you say your 

EMOTIONAL \VELL-BEING affects your quality of life? 

0 1 2 3 -+ 

Not at all 

FUNCTIONAL \YELl -BEING 

27. I am able to work (include work in home) ...................................... .. 

28. My work (include work in home) is fulfilling .............................. ... . 

29. I am able to enjoy life ............................................................. ........ .. 

30. I have accepted my illness ... ......... ..... .. .. .... .......... ....... .... .. .... .. .... ... .. 

31. I am sleeping well. ..................................................... .. .... .... ....... .... . 

32. I am enjoying the things I usually do for fun ..................... .. ..... ... .. . .. 

33. I am content with the quality of my life right now .. .. ........ ..... .......... . 

34. Looking at the above i questions. how much would you say your 

FUNCTIONAL '""ELL-BEING affects your quality of life? 

0 1 2 3 -+ 

~ot at all 

not 

at all 

0 

0 

0 

0 

0 

0 

5 

not 

at all 

0 

0 

0 

0 

0 

0 

0 

5 

Very much so 

J lmle some· qutte very 

bn what J bu much 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

2 3 4 

(circle one number\ 

6 7 8 9 10 

Very much so 

a little some· quite very 

bit what a bit much 

2 3 4 

2 3 4 

2 3 4 

2 3 -+ 

2 ' 4 
') 

' 4 -
') 

.) 4 -

(circle one number ) 

6 7 8 9 10 

Very much so 
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FAHI (\"ersion 3) 

Please indicate how true each statement has been for you during the past 7 days . 

.\DDIIION I\ I CONCERNS not a i: tu e some· c ... :te ' e:-y 
at all _, "hat a ::J :: ::-:;Jcn 

35. I have been shon of breath .............. ...... .......... .. ............................ . 0 2 - 4 

36. I am self-conscious about my appearance ...................................... . 0 2 ...l 

37. My thinking is clear ........ ............ .............. ................. ................... . 0 2 - ...l 

38. It is hard to tell other peopie about my iniecuon ............. ....... ....... . 0 ') 
~ - -

39. I have people to help me if I need help ................ ............ .............. . 0 2 - 4 

40. I am bothered by a change in weight.. ........................................... . 0 2 - 4 

41. I feel sexually attractive ................................................................ . 0 2 3 4 
42. I wony about spreading my infection ............................................ . 0 2 3 4 

43. I am concerned about what the future holds for me ...................... . 0 2 ' 4 

44. I get tired easily ................................................................................ . 0 2 3 4 

45. I have a good appetite ..................................................................... . 0 2 - 4 

46. I feel motivated to do things .. .... ............................ .... ....... ....... ...... .. 0 2 ' 4 

47. I feel fatigued ...................... ............................................................. . 0 2 - 4 

48. I feel weak all over .. .................................. ...................................... .. 0 2 3 4 

49. I have been coughing ................................................................... . . 0 2 ' 4 

50. I have trouble concentrating ..................... .. .................................. .. 0 2 ' ...l 

51. I have trouble remembering things .... ...... ...... ............................... .. 0 2 - 4 

52. I wony about the effect of stress on my illness ............... ............... . 0 2 3 4 

53. I am embarrassed by my illness .... .... .... ..... .................................... . 0 2 3 4 

54. I am hopeful about the future ........................................................ . 0 2 3 4 

55. Looking at the above 20 questions, how much would you say these 

ADDITIONAL CONCERNS affect your quality of life? (circle one number) 

0 1 2 3 4 5 6 7 8 9 10 

~ot at all Very much so 
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FA .. -\CT (Yersion 3 l 

Please indicate how true each statement has been for you during the past 7 days. 

-\DDITIO~ :\1 CQ~CERNS ~Ol ~ illll e some· C:Jilt mv 
~ : a l l ~ . . .., nat :. oil mucn 

::5 . I have a good appetite.... .... ............... .. ................. ..... .... ............ ....... 0 "' 4 -
.:6. The amount I eat IS sufficient to meet my needs......... .. .......... ...... .... I) ' ... 
.: r . lam worried about my weight......................................................... 0 - 4 

38. I have diarrhea..... .......... .. ................................................................ 0 "' 4 -
3 9. Most food tastes unpleasant to me.................................................... 0 2 3 4 

40. I am concerned about how I look..................................................... 0 , 
' 4 -

41. I enjoy eating breakfast.... ................................................................ 0 - 4 

42. I can swallow naturally and easily..... ............................................... 0 2 - 4 

43. My mouth is dry.... .......................................................................... 0 2 3 4 

44. My interest in foods drops as soon as I try to eat........................... .. . 0 2 ' 4 

45. I have difficulty eating rich or "heavy" foods................................... 0 .., 3 4 

46. l enjoy eating my e\'ening meal........................................................ 0 2 3 4 

47. My family or friends are pressuring me to eat............................... ... 0 2 ' 4 

48. I have been vomiting.... ... ................................................................. 0 4 

49. When I eat. I seem to get full quickly............. .................................. 0 4 

50. I have pain in my stomach area........................................................ 0 "' 3 4 -
51. I enjoy sweet foods.......................................................................... 0 2 - 4 

52. My general health is improving........................................................ 0 2 3 4 

53. Looking at the above 18 questions. how much would you say these 
ADDITIONAL CONCERNS affect your quality of life? (circle one number I 

0 2 3 4 5 6 7 8 9 10 

Not at all Very much so 
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