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Forty-five obese postmenopausal Caucasian women were treated with phentermine 

hydrochloride (Fastin®) and a 1200 kcal diet for weight reduction. Total and regional body 

composition changes were measured by dual-energy X-ray absorptiometry (DXA) and by 

anthropometry at 3-mo intervals over 9 mo. Plasma lipids, and serum insulin and leptin were 

measured. 

After 3 mo. Fastin® therapy produced a 6.8 kg weight loss ( P  <  0.01), and DXA-

assessed fat and lean mass losses (P < 0.01) of 11.9 and 3.0%. respectively. DXA-estimated 

regional composition revealed respective fat mass losses of 14.1 and 11.9% from abdomen 

and thighs, suggesting primarily subcutaneous and central fat depot losses. 

DXA reliability was assessed by same-day duplicate measurements (« = 10) 

calculated using old (version 8.1a) and new (version 8.21) analysis software. A 1.5% 

between-duplicate difference in lean mass was obtained with the old software; the new 

software yielded 1.1. 1.4 and 1.6% differences between duplicates for fat, lean and leg lean 

masses, respectively. CVs ranged from 1.7% for bone mineral content to 12.0% for arm fat 

mass for both versions. The new software produced higher values for all variables, except 

arm fat and lean masses than the old software. Except for a 1.9% trunk fat loss detected with 

the old software, magnitude of body composition changes over 3 mo in 21 weight-stable 

subjects was the same. The new software estimated total weight more accurately and with 

less variability than the old software. 
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Fastin®-treated women lost (/• < 0.01) 10% of their baseline body weight over 9 mo 

which correlated with a 20% reduction (P < 0.01) in serum leptin concentration. Plasma 

HDL-choIesterol concentration increased {P < 0.01) by 15% over 9 mo while total- and LDL-

cholesterol and triglycerides decreased 14.2 {P < 0.01), 25.4 {P <0.01) and 12.2% {P < 

0.05), respectively. Serum insulin was unaffected by weight reduction. 

These data suggest that Fastin® therapy was effective in reducing weight, and in 

producing a healthier body fat distribution and plasma lipid profile, thereby lowering 

cardiovascular disease risk in obese postmenopausal women. The DXA instrument (Hologic 

QDR-4500A; Hologic Inc., Waltham. MA) gave reproducible estimates of composition 

change in this population regardless of the software version used. 
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INTRODUCTION 

Explanation of the Problem and Its Context 

Body size and composition may be modified throughout life, and therefore should be 

taken into consideration for maintenance of good health. The prevalence of several risk 

factors and diseases are dramatically increased in obesity (1). Compared to BMI (kg/m"), 

gains in adult body weight and central adiposity- may provide more consistent and specific 

markers to predict the health outcomes of the metabolic consequences of obesity (2). The 

weight gain and increased central fat deposition which commonly occur during menopause, 

as well as overall adiposity, have been consistently associated with alterations in glucose 

metabolism and in growth factors resulting in an increased risk of postmenopausal breast 

cancer (3). 

Studies have also shown a close statistical correlation between intra-abdominal fat 

distribution and the risk of cardiovascular disease (CVD; 4). Data obtained by computerized 

axial tomography (CAT) scan, indicated that the absolute amount of deep abdominal fat was 

negatively correlated with HDL-cholesterol levels, as well as with the ratio of HDL-

cholesterol to LDL-cholesterol (4). Some complications of obesity have been shown to 

improve with weight reduction. For example, weight loss may result in a decrease in visceral 

fat in subjects with a visceral fat distribution (5). 

The roles of obesity and central fat distribution of body fat. as well as 

hj^erinsulinemia. have been examined by various researchers. Insulin resistance appears to 
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be a syndrome associated with a clustering of metabolic disorders, including CVD. It is 

associated with an atherogenic plasma lipid profile (6). Elevated plasma insulin 

concentrations enhance VLDL synthesis, leading to hypertriglyceridemia. Progressive 

elimination of lipid and apolipoproteins from VLDL particles leads to increased formation 

of IDL and LDL. both of which are atherogenic (6). 

The obese (,0B) gene is an adipocyte-specific gene that encodes leptin, a protein that 

regulates body weight (7). Serum leptin levels are correlated with percentage body fat 

(%BF). suggesting that obese individuals are insensitive to endogenous leptin production (7). 

Among the recent developments in the study of body composition is dual-energy 

X-ray absorptiometry (DXA) which became available in the early 1980s (8). DXA is a 

useful tool in the clinical and research setting for assessment of body composition and bone 

health. One of these areas is in assessing the impact of weight changes on body composition. 

Body composition measurements by DXA exploit the principle that dual-energy X-rays can 

determine the mass and composition of any two known materials (9). A given high and low 

energy attenuation pair is produced by a unique combination of fat mass and fat-free mass 

(FFM). When a third material (i.e. bone) is present in the dual X-ray beam, body 

composition is estimated from tissue points nearby. DXA reportedly is a precise method for 

assessing total body composition and total body bone status (10-17). Further development 

of DXA hardware (fan beam technology) allows for short scanning time (18). There have 

been only a limited number precision studies with instruments using this technology, the 

QDR-4500A (Hologic, Inc., Waltham, MA) and the E.xpert (Lunar Corporation, Madison. 

WI). 
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Phentermine hydrochloride (Fastin®; SmithKline Beecham Pharmaceuticals. 

Philadelphia, PA) is a sympatomimetic amine with pharmacological activity similar to the 

amphetamines. Actions of drugs in this class used to treat obesity, commonly known as 

anorectics or anorexigenics, include central nervous system stimulation and elevation of 

blood pressure. It has not been established that appetite suppression is the primary mode of 

action of such drugs in treating obesity. Other central nervous system actions or metabolic 

effects may be involved. Relatively short term clinical trials have demonstrated that obese 

adult subjects instructed in dietary management and treated with anorectic drugs lose more 

weight than those treated with placebo and diet (19). 

Specific Aims 

Primary 

1. To assess the efficacy of phentermine hydrochloride (Fastin®) on total body weight 

loss, and indices of total and regional body composition including waist to hip ratio, 

abdominal and intra-abdominal fat. 

2. To determine the effect of Fastin® weight control on senmi insulin and leptin 

concentrations. 

Secondary 

1. To assess the effect of a Fastin® weight loss program on plasma total cholesterol, 

HDL-cholesterol. LDL-cholesterol, total cholesterol/HDL-cholesterol ratio, and 

triglycerides. 
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2. To compare the reliability of Hologic QDR-4500A DXA data calculated using an 

updated version of body composition analysis software (version 8.21) with that 

calculated using the original version of the software (version 8.1a). 

Hypotheses 

1. Total body weight loss and changes in percentage body fat, fat mass and fat-free mass 

will be significantly less for untreated control versus Fastin®-treated subjects. 

Regional (abdominal and visceral) body fat loss will not be significantly different. 

Fastin® will be effective in reducing body weight by 10% or more and will decrease 

both total and abdominal fat depots. 

2. Serum leptin and insulin levels will decrease after body weight loss with the Fastin® 

program. 

3. Plasma levels of HDL-cholesterol will increase and average LDL-cholesterol. total 

cholesterol and triglyceride concentrations and total cholesterol/HDL-cholesterol 

ratio will decrease following weight loss on the Fastin® program. 

Literature Review 

Cardiovascular Disease Risk Factors 

Visceral Fat Obesity. Visceral fat obesity (VFO) with predominant intra-abdominal 

fat accumulation has been shown to be more often associated with metabolic disorders than 

subcutaneous fat obesity (SFO). Vague (20) described these subcategories of obesity android 

and gynoid. respectively, signifying that they are typically male or female but that both types 

may occur in both sexes. This classification was significant because it was the first to 
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associate android obesity with disease conditions such as diabetes meilitus, gout and 

atherosclerosis. 

Alterations of body fat distribution have been associated with changes in lipids, 

lipoproteins, and increased coronary heart disease. Larsson et al (21) conducted a 

prospective study of risk factors for ischemic heart disease in 792 men, 54 y-old selected by 

year of birth (1913) and in residence in Gothenburg. Baseline data was collected in 1967. 

Thirteen years later these findings were reviewed in relation to the numbers of men who had 

subsequently suffered a stroke, ischemic heart disease, or death from all causes. Statistically 

significant associations were found between WHR and the occurrence of stroke and ischemic 

heart disease. When the confounding effect of BMI or the sum of three skinfold thicknesses 

was taken into account. WHR was significantly associated with all three end points. These 

results indicated that in middle-aged men the distribution of fat deposits may be a better 

predictor of CVD and death than the degree of adiposity. 

Hvnerinsulinemia as a CVD Risk Factor. Evidence suggests that CVD risk 

increases prior to the onset of non-insulin dependent diabetes meilitus (NIDDM). The roles 

of obesity and central distribution of body fat, as well as hyperinsulinemia, have been 

examined in an effort to account for the adverse CVD risk pattern found among individuals 

with diabetes. Burchfiel et al (22) investigated whether a less favorable risk factor pattern 

for CVD among Hispanic and white male and female subjects in the San Luis Valley 

Diabetes Study with impaired glucose tolerance could be explained by fasting insulin, 

obesity, and/or central body fat distribution. Centrality index was defined as the ratio of the 

subscapular to triceps skinfold measurements (STR). Hyperinsulinemia, obesity, and central 
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body fat distribution accounted for some, but usually not all. of the less favorable CVD risk 

factor pattern in subjects with impaired glucose tolerance. However. HDL-cholesterol and 

its sub-fractions were found to be significantly lower in Hispanic compared to white females. 

Higher triglyceride levels were also observed in Hispanic females. The authors postulated 

that central body fat distribution may be a more important determinant of HDL-cholesterol 

in females than in males, this being mediated by increased androgenization, especially in 

females. 

To determine the relative importance of adiposity and fat distribution to CVD risk 

profile, a cross-sectional study of 33 healthy premenopausal women was conducted by Peiris 

et al (23). Total body fat mass was determined by hydrostatic weighing, and fat distribution 

was assessed by subscapular skinfold thickness, STR, WHR and CT. CVD risk was assessed 

by serum insulin response during oral glucose stimulation, levels of triglycerides, total 

cholesterol. HDL-cholesterol to total cholesterol ratio, and systolic and diastolic blood 

pressures. Visceral fat distribution assessed by CT accounted for a significzintly greater 

degree of variance in CVD risk than total body fat mass. Cumulative insulin response was 

the primary metabolic variable relating anthropometric indices to CVD risk. 

Insulin resistance appears to be a syndrome associated with a clustering of metabolic 

disorders, including CVD. It is associated with an atherogenic plasma lipid profile. Elevated 

plasma insulin concentrations enhance VLDL synthesis, leading to hypertriglyceridemia. 

Progressive elimination of lipid and apolipoproteins from VLDL particles leads to increased 

formation of IDL and LDL, both of which are atherogenic (6). 
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In a mixed population of Mexican-Americans and non-Hispanic whites in San 

Antonio, Ferrannini et al (24) found that dyslipidemia (higher total cholesterol and 

triglyceride, and lower HDL-cholesterol concentrations) was strongly associated with 

hyperinsulinemia and hypertension in both groups. After adjusting for plasma insulin, only 

hypertriglyceridemia was associated with high blood pressure, and with no ethnic 

differences. 

Evidence suggests that obesity is associated with insulin hypersecretion; whereas 

upper body obesity is associated with reduced hepatic insulin extraction and diminished 

insulin clearance. Despres et al (25) used CT to study the association between adipose tissue 

localization and glucose tolerance in 52 premenopausal obese women. Body fat mass and 

BMI were significantly correlated with plasma glucose, insulin and connecting C-peptide 

areas after glucose challenge. Trunk fat accumulation and the size of fat cells in the 

abdomen displayed highly significant correlation with post-glucose insulin levels. 

The Insulin Resistance and Atherosclerosis Study (IRAS; 26) included Afiican-

Americans, Hispanics and non-Hispanic whites. This study demonstrated that abdominal 

obesity is a strong predictor of insulin resistance and fasting insulin levels, both known CVD 

risk factors, in all of these ethnic groups. 

Abdominal and Intra-abdominal Fat as Risk for CVD. Haf&er et al (27) assessed 

BMI, STR, WHR, lipid, lipoprotein, and glucose tolerance in 738 Mexican-American 

participants in the San Antonio Heart Study. In general. STR and WHR were associated with 

high NIDDM rates, low HDL-cholesterol levels, and high triglyceride levels; although WHR 

was somewhat more predictive of these than STR. BMI, WHR and STR made independent 



contributions to prediction of NIDDM and plasma HDL-cholesterol in females. In contrast, 

WHR and STR made independent contributions to the prediction of plasma triglyceride 

concentrations in males. 

Despres et al (4) used CAT to assess the association between deep and sub-cutaneous 

abdominal adipose tissue and plasma lipoproteins levels in 52 premenopausal obese women 

aged 35.7 ± 5.5 y. Plasma lipoprotein concentrations were not significantly correlated v^fith 

total fat mass. However, the data obtained by CAT scan indicated that the absolute amount 

of deep abdominal fat was negatively correlated with HDL-cholesterol levels, as well as with 

HDL-cholesterol/LDL-cholesterol. HDL apo A/LDL apo B. and HDL^-cholesterol/HDLj-

cholesterol ratios. 

In another study Despres et al (28) used CAT to assess body fat distribution, and 

reported that plasma post-heparin lipoprotein lipase (LPL) activity was neither correlated 

with total adiposity, nor with the level of intra-abdominal fat. However, intra-abdominal fat 

was positively correlated with hepatic triglyceride lipase. This association was independent 

of total adiposity. Plasma post-heparin LPL and abdominal adipose tissue lipoprotein lipase 

(AT-LPL) showed no significant correlation with lipoprotein levels; whereas femoral AT-

LPL activity was positively correlated with the HDL^-cholesterol/HDLj -cholesterol ratio. 

Hepatic triglyceride lipase activity was, however, negatively correlated with HDL-

cholesterol, but not with HDLj -cholesterol. These results suggest that the high hepatic 

triglyceride lipase activity in obese women with excess deep abdominal fat could be 

responsible for the reduction in plasma HDLT -cholesterol levels. 
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Fujioka et al (29) used CT to assess body fat distribution in men (« = 15) and women 

(n = 31) witii average BMI of 34 ± 5.5 kg/m". The visceral to subcutaneous fat ratio (V/S) 

was significantly correlated with the level of plasma glucose after glucose loading, and with 

total cholesterol levels. These relationships were the same in each sex and were significant 

after adjustment for BMI and age. These results suggested that intra-abdominal fat, which 

is mainly composed of omental and mesenteric fat, may play a more important pathogenic 

role or better reflect an underlying metabolic disorder than subcutaneous fat in the 

development of diabetes mellitus or hyperlipidemia. 

Intra-abdominal adipose tissue has an exceedingly sensitive system for the 

mobilization of firee fatty acids (FFA) due to a preponderance of P-adrenergic receptors and 

little a-adrenergic inhibition (30). It has been postulated that exposure of the liver to an 

elevated concentration of portal FFA might be the key to several important consequences. 

It is known that this is followed by increased hepatic secretion of VLDL. The mechanism 

involves apo B-100. the protein backbone of VLDL and LDL, which is apparently 

synthesized in excess in the liver. This is partly due to an unusually long half-life of the 

mRNA for apo B-100, securing translation of apo B-100 for prolonged periods of time. 

Secretion of VLDL seems to be mainly regulated by the synthesis of triglyceride for 

transport, which in turn are dependent on the availability of fatty acids. Thus portal FFA 

probably regulate the synthesis and secretion of VLDL and apo B-100. Retention of LDL 

in the circulation is dependent on both the rate of production and the rate of removal. An 

increased synthesis would then be a factor tending to increase the concentration of circulating 

VLDL. LDL and apo B-IOO. 
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Evidence suggests that portal FFA from the highly lipolytic portal tissues might 

inhibit hepatic insulin uptake and produce peripheral hyperinsulinemia. perhaps via the 

accumulation of triglycerides (31). Increased triglyceride content of the liver and elevated 

secretion from the liver carried in the VLDL. the main carrier of triglycerides, might explain 

the elevated plasma concentration of this lipoprotein in android obesity. Both peripheral 

hyperinsulinemia and triglyceridemia would result. When reaching the periphery, these fatty 

acids or other fatty acids from non-portal adipose tissues with a highly sensitive lipolytic 

system, such as abdominal, subcutaneous, and intra-abdominal fat, would cause insulin 

insensitivity in muscle. Excess circulation FFA concentrations could be an early event 

explaining insulin resistance, liver steatosis, and hypertriglyceridemia in android obesity. 

Insulin resistance, in turn, might produce increased insulin secretion by feedback, mechanism. 

Muscle in android obesity is characterized by a low content of slow-twitch fibers and 

a high content of high twitch fibers (31). This type of muscle has low capillarization and 

would be less efficient in FFA removal by oxidation because of its relative deficiency of 

aerobic enzymes with respect to oxygen required. Both adipose tissue and muscle might 

contribute to insulin resistance in android obesity. 

Hypertension is another risk factor for CVD. Blair et al (32) used data from the first 

Health and Nutrition Examination Survey (HANES), 1971 -1974 to examine the relationship 

between blood pressure and the distribution of subcutaneous fat in 5506 survey participants, 

ages 30 to 59 y. With triceps and subscapular skinfolds used to approximate peripheral and 

centrally located body fat, blood pressure of middle-aged .\mericans was more directly 
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associated with centrally deposited body fat. This finding was true across race and sex 

groups, and was independent of age. 

Impact of Weight Loss on Intra-abdominal and Abdominal Fat. Some 

complications of obesity improve with weight reduction. Fujioka et al (5) investigated 

premenopausal women in whom weight reduction was achieved by means of a low calorie 

diet. Analysis of fat distribution by CT demonstrated that visceral fat decreased to a greater 

extent than abdominal subcutaneous fat which was particularly evident in VPO patients. 

Examination of the interrelationships between changes in body weight. BMI, total and 

regional fat volumes and changes in glucose and lipid metabolism revealed that the decreased 

V/S ratio and visceral fat volume were most strongly correlated with the improvement in 

plasma glucose and lipid metabolism. 

Wadden et al (33) examined changes in body fat distribution in 68 women who lost 

an average of 12.3 kg from an initial weight of 103.6 kg. Weight reduction was accompanied 

by a small, but statistically significant, reduction of 1.2% in WHR. suggestive of a reduction 

in upper body obesity. Subjects with greater upper body obesity tended to achieve greater 

reductions in WHR. Changes in five circumference measures were highly correlated with 

losses of fat, and showed that subjects with lower body obesity tended to lose large amounts 

of fat from both their upper and lower fat depots. Women with lower body obesity tended 

to lose more total body fat than did women with upper body obesity. The reduction in upper 

obesity is potentially beneficial because excess upper body fat apparently predisposes to 

diabetes and CVD. 
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Alterations in tJie structure or the sub-population distribution of plasma lipoproteins 

have been shown to contribute to early development of coronary heart disease. Peeples et 

al (34) concluded that LDL sub-fractions in middle-aged non-obese males with abdominal 

body fat distribution, had a lower molecular weight, higher hydrated density, and smaller 

particle diameter than LDL of subjects with gluteofemoral adiposity. 

Leptin and Obesity. It is of interest to measure leptin levels in obesity studies 

because the OB gene is an adipocyte-specific gene that encodes leptin. a protein that 

regulates body weight. Serum leptin levels are correlated with the percentage of body fat. 

suggesting that most obese persons are insensitive to endogenous leptin production (7). 

Both faisting and streptozotocin-induced diabetes down regulate leptin mRNA levels 

in adipose tissue and this decrease is rapidly (<4 hr) reversed by re-feeding, or insulin 

administration (35). Rat adipose tissue OB gene expression is regulated by feeding patterns, 

being reduced after fasting and increased after re-feeding (36). Levels of OB mRNA are 

increased by insulin, indicating that insulin is an important mediator of the effects of food 

intake on OB expression. 

Considine et al (7) studied serum leptin concentrations in 136 normal weight and 139 

obese subjects. Measurements were repeated in seven obese subjects after weight loss and 

during maintenance of the lower weight. Serum leptin concentrations were 31.3 ± 24.1 

ng/mL and 7.5 i 9.3 ng/mL for obese and normal weight subjects, respectively. There was 

a  s t r o n g  p o s i t i v e  c o r r e l a t i o n  b e t w e e n  s e r u m  l e p t i n  c o n c e n t r a t i o n  a n d  % B F  ( r  = 0 . 8 5 .  P  <  

0.001). These results suggest that obese persons may be insensitive to endogenous leptin. 
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K.eim et al (37) reported adiposity-adjusted leptin decreased by 54% after 1 wk of a 

moderate energy deficit and remained low after 6 and 12 wk in a study of 12 healthy 

premenopausal women. Leptin was associated with self-reported hunger, desire to eat and 

prospective consumption (r = -0.6 to -0.7. /* < 0.01). The greatest hunger increase coincided 

with the largest percentage drop in circulating leptin and the lowest final leptin 

concentration. The relation between leptin and himger was not influenced by amount of 

weight or body fat loss. 

Dubuc et al (38) measured serum leptin and insulin concentrations in 11 men and 13 

women (BMI = 21.2 to 26.8 kg/m") before and after a 7-d period of energy restriction (-68 

± 1% of daily requirements). Circulating leptin and insulin decreased in both men and 

women after 7 d of energy restriction. However, there were significant gender differences 

in the response of leptin and insulin to energy restriction. Leptin was higher in women 

before and after restriction and decreased more than in men. whereas the decrease of insulin 

in women was less than in men. 

Montague et al (39) examined two severely obese children who are members of the 

same highly consanguineous pedigree, and whose serum leptin levels were very low despite 

markedly elevated fat mass. A homozygous frame-shift mutation involving the deletion of 

a single guanine nucleotide in codon 133 of the gene for leptin was found in both children. 

The severe obesity in these congenitally leptin-deficient subjects provides the first genetic 

evidence that leptin is an important regulator of energy beilance in humans. 

Perusse et al (40) investigated the acute and chronic effects of exercise on body 

composition (hydrostatic weighing) and leptin levels in sedentary adult men (n = 41) and 
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women i n  = 46). Exercise training consisted of a standardized 20-wk endurance program. 

There were considerable inter-individual differences in leptin response to acute and chronic 

effects of exercise. In some individuals leptin was either increased or reduced, while in 

others there was almost no change. On the average, leptin levels were not acutely affected 

by exercise. After endurance training was completed, leptin levels were decreased 

significantly in men (from 4.6 to 3.9 ng/mL, P < 0.004), but not in women. However, after 

training-induced changes in body fat mass were taken into account, the effects of exercise 

training were no longer significant. 

On the other hand, Hickey et al (41) investigated the effect of aerobic exercise 

training on fat mass and systemic leptin concentrations in men (n = 9) and women (n = 9). 

Fat mziss as determined by hydrostatic weighing was significantly lower in women than men 

(21.83 ± 2.25 and 26.99 ± 2.37 kg, respectively). Despite this, serum leptin levels were 

higher in women than men (18.27 ± 2.55 and 9.88 ±1.26 ng/mL. respectively). Serum leptin 

concentration decreased 17.5% (P < 0.05) in women after 12 wk of aerobic exercise training, 

but was not significantly reduced in men. Fat mass was not altered by exercise training in 

either group. These data suggest that women have higher circulating leptin concentrations 

despite lower fat mass, and that exercise training has a greater effect on systemic leptin levels 

in women than in men. 

Dual-Energy X-ray Absorptiometry (DXA) 

Single- (SPA) and dual-photon (DPA) absorptiometry were used to estimate regional 

bone mineral content (BMC; g/cm) and bone mineral density (BMD; g/cm*) before the 
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development of DXA (42). The SPA technique used iodine-125 ('^I) as the photon source, 

and enabled bone mineral estimates of both distal and proximal sites for the radius and ulna. 

Gadolinium-153 ('^"'Gd), with gamma emissions at 44 and 100 keV, later replaced '"'I as the 

photon source (42). This DPA technique permitted estimation of BMD for the lumbar 

vertebrae and parts of the femur, as well as estimation of abdominal adipose tissue content 

(43). This approach was extended to provide estimates of whole body composition (44-47). 

The usefulness of DPA was limited due to the decay of the radioactive source over time 

resulting in a lack of precision in the estimation of BMD change within subject, and to the 

assumed constant correction for the attenuation coefficient of soft tissue (42). This led to the 

development of DXA, in which the radioactive source is replaced by an X-ray tube with a 

filter to convert the polychromatic X-ray beam into low and high energy peaks (42). 

DXA Theory. Photon absorptiometry requires a photon sources and detector. X-rays 

are produced by energy conversion when a rapidly moving electron stream is suddenly 

decelerated by the tungsten or tungsten alloy anode of a specially designed vacuum diode 

tube (8). Unlike monoenergetic radionuclide sources, the produced X-rays consist of a broad 

spectrum of photon energies ranging fi'om approximately 15 to 80 keV. Several approaches 

can be used to create the required energy peaks. One method is to insert a "K-edge"' filter 

made of a rare-earth material such as cerium (Ce) or samarium (Sm). The atom's electrons 

are bound in concentric shells, the innermost one of which is the K.-shell. K- shell electrons 

can be ejected when photon energies are just equal to the binding energy of the material's K-

shell electrons. Those photons with a energy equal to or slightly greater than the material's 

K.-shell binding energy are attenuated as they interact with the K-shell electrons. This 



phenomenon causes a characteristic "absorption edge" (Figure l.l). The K-edge 

characteristics of certain elements can be used to create a photon fiher. Photons are typically 

quantified, after they pass through the subject, by use of a photomuitiplier tube with sodium 

iodide as the scintillator. New systems incorporate advanced electronic detection systems, 

although all DXA methods share in common an X-ray source and detector. An energy range 

or "window" is specified in some available systems for each of DXA's two main energies. 

Only photons fzdling within the designated windows are counted as belonging to one of the 

two photon beams. As photons traverse the subject's tissues, physical interactions take place 

that reduce beam intensity. The process, generally referred to as attenuation, occurs as 

photons passing through tissues are absorbed or scattered by two main types of physical 

interaction in vivo. Compton scattering and photoelectric effect. When photons at two 

different energies are passed through an absorber, attenuation at the lower energy can be 

expressed as a ratio (R) to attenuation observed at the higher energy. For a heterogeneous 

absorber, R is a fiinction of mass attenuation coefficient and mass fraction of each 

component (Figure l.l) (8). 

DXA Hardware. The most recent development in DXA technology has been the 

introduction of scarmers with a fan beam configuration. Fan beam scans are acquired by 

performing a single sweep across the patient, in contrast to the two dimensional raster scan 

required by the conventional pencil beam configuration (18). As a result, scanning times 

have been further shortened. An important difference between pencil beam and fan beam 

DXA is that in the latter, images are modified because of the different projection of the 

object on the plane of the detectors. With pencil beam geometry an exact correspondence 
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Photon Intensity Decrease 

FIGURE 1.1. Schematic representation of monoenergetic photons passing through 

a homogeneous absorber. Monoenergetic X-ray photons of intensity IQ are exponentially 

attenuated as they pass through an absorber and emerge after traveling distance L with 

intensitv' I. Photon attenuation occurs within the absorber mainly by absorption and scatter 

(adapted from Pietrobelli A. Formica C. Wang Z, Heymsfield SB. Dual-energy X-ray 

absorptiometry body composition model: review of physical concepts. Am J Physiol 

1996;271:E941-51.) 
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exists between the size of the object and its image. With fan beam geometry, however, 

image size varies according to the height of the object above the scanning table and solid 

objects are viewed with a different perspective (Figure 1.2) (18). 

Magnification error of fan beam densitometers. Due to the shape of the fan beam 

X-ray the new generation of fan beam scanners cause an inherent magnification of scanned 

structures as the distance from the X-ray source, and hence, from the apex beam, decreases 

(48). The observed width of scanned bones increases with proximity to the X-ray source. 

This magnification which occurs in the medial-lateral direction but not in the craniocaudal 

direction, does not significantly affect BMD. There are, however, varying degrees of 

magnification of BMC and bone area, as well as parameters of proximal femur geometry, 

with varying distance of the bone scanned from the X-ray source. Griffiths et al (48) 

analyzed the geometry of the Lunar EXPERT and the Hologic QDR fan beam scanners and 

derived equations expressing the true width of scanned structures in terms of the apparent 

width and instrument dimensions. They demonstrated mathematically that performing an 

additional scan, at a different distance from the X-ray source than the first scan, provides 

simultaneous equations that can be solved to derive the real width of a scanned bone. When 

this hypothesis was tested with the Lunar EXPERT® aluminum phantoms scanned at 

different table heights, an excellent correlation (r = 0.99. P < 0.001) between predicted and 

measured phantom width was obtained. These authors demonstrated that the magnification 

errors of fan beam DXA scanners can be corrected using a dual scanning technique. In the 

case of the Lunar EXPERT®, the introduction of this correction technique may be possible 

with only relatively simple software modifications, eliminating the need for operator 



FAN BEAM 

FIGURE 1.2. CompEirison between fan beam and pencil beam configurations for 

dual-energy X-ray absorptiometry. (Adapted from Blake GM. Parker JC, Buxton FM. 

Fogelman I. Dual X-ray absorptiometry: a comparison between fan beam and pencil beam 

scans. Br J Radiol 1993;66:902-6.) 
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intervention. However, for the Ho logic fan beam instruments, both hardware and software 

modifications would be necessary to allow scanning at different table heights (Figures 1.3 

to 1.5) (48). 

Three commercial versions of DXA hardware are available: 1) Hologic QDR. 2) Lunar DPX 

and 3) Norland XR. 

Hologic QDR instruments. The Hologic QDR systems have two X-ray beams of 

different energies (70 and 140 kVp) that are pulsed alternately. The resulting spectra have 

maximum photon energies at 45 and 100 keV. The QDR utilizes an internal calibration 

system with a rotating filter wheel composed of two sections of epoxy-resin-based material, 

the beam passes through the calibration system to provide continuous calibration. The QDR-

1000 allows for regional BMD measurements of the spine, hip and forearm. The QDR-

lOOOW adds whole body scanning to the regional assessment and allows for both BMD and 

body composition assessments. A total body scan requires about 4 min and the radiation 

exposure is 1.5 mrem. The QDR-2000 has both pencil and fan beam configurations. The 

fan beam provides better resolution and precision, shorter scanning time, and the ability to 

make lateral scans of the spine (42). The Hologic QDR-4500A (fan beam) or QDR-4500W 

may be used to analyze the soft tissue composition of the entire body and to follow the 

changes in soft tissue composition over time in response to intervention such as diet and 

exercise. Analysis of fat mass, lean mass and percentage fat mass can be reported for the 

entire body and head, arms, trunk, pelvis and legs (49). 

Dual-energy X-ray measurements of the whole body using Hologic QDR-4500A are 

acquired with a high resolution multidetector fan beam scanner using three 45 s overlapping. 
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X-ray source 

Scanning 
table 

Detector 

FIGURE 1.3. Schematic diagram of the Lunar EXPERT® fan beam DXA where X  

is the distance from X-ray source to the detector surface, d is the width of the scanned object. 

D is the observ ed width of the scanned object. H is the height of the scanned object above 

the scanning table (soft tissue thickness), / is the distance from the upper surface of the 

scanning table to the detector, and ^is half the angle subtended by the scanned object on the 

X-ray source (adapted from Griffiths MR. Noakes KA. Pocock NA. Correcting the 

magnification error of fan beam densitometers. J Bone Miner Res 1997;12:119-23.) 
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Scanning 
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FIGURE 1.4. Schematic diagram of the Hologic QDR fan beam DXA where ̂ is the 

distance from X - r a y  s o u r c e  t o  t h e  d e t e c t o r  s u r f a c e ,  d  i s  t h e  w i d t h  o f  t h e  s c a n n e d  o b j e c t ,  D  

is the observed width of the scanned object H is the height of the scanned object above the 

scanning table (soft tissue thickness), B is the distance from X-ray source to the scanning 

table, and ^is half the angle subtended by the scanned object on the X-ray source (adapted 

from Griffiths MR, Noakes KA, Pocock NA. Correcting the magnification error of fan beam 

densitometers. J Bone Miner Res 1997;I2:119-23.) 
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FIGURE 1.5. Schematic diagram showing two scans at different scanning height on 

the Lunar EXPERT® fan beam DXA where d is the width of the scanned object, Z), is the 

observed width of the scarmed object at height 1, D, is the observed width of the scanned 

object at height 2. / is the distance from the upper surface of the scanning table to the 

detector, and I is the change in the height of the scanning table (adapted from Griffiths MR, 

Noakes KA. Pocock NA. Correcting the magnification error of fan beam densitometers. J 

Bone Miner Res 1997;12:119-23.) 
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longitudinal, anti-parallel passes. Between each pass the subject's position is adjusted and 

the X-ray source is rotated to create the equivalent of a very large fan beam with a single 

center of focus (Figure 1.6) (9). 

Lunar DPX instruments. These instruments use a constant potential X-ray source 

and a K-edge filter to achieve an X-ray beam of stable energy radiation of 38 and 70 keV. 

The X-rays are emitted from a source below the subject, who lies in a supine position on a 

table. The total scan area is 60 x 200 cm. The attenuated X-rays, after passing through the 

subject, are measured with an energy discriminating detector situated above the subject on 

the scanning arm. The DPX instrument makes transverse scans of the body at 1 cm interval 

from head to toe. For each transverse scan, about 120 pixel elements yield data on the 

attenuation ratio with each pixel covering a 5 ^ 10 mm area for the fast and medium mode 

(10 to 20 min) and a 5 * 5 mm area for the detail mode (9 to 20 min). The radiation 

exposure varies from 0.02 mrem (fast mode) to 0.06 mrem (detail mode) (42). 

All Lunar densitometers include anteroposterior spine and femur applications. The 

total body and soft tissue composition applications are standard on full size tables. Lunar's 

DPX-IQ is a pencil beam system which requires 14 min for a complete spine and femur 

examination; of this. 3 min (1 min for spine, 2 min for femur) are scarming time. Lunar's 

EXPERT®-XL is a fan beam system which takes 6 s for spine/femur imaging. A complete 

spine and femur examination, including analysis and printout, takes 7 min (50). 

NorlandXR instruments. Norland XR uses a K-edge filter (samarium) to produce 

photon peaks at 44 and 100 keV. For the XR-26 model, the pixel size is 6 13 mm and the 

total body scan is made in about 20 min with a radiation exposure of 0.05 mrem. Both total 



FIGURE 1.6. Schematic ofanHologicQDR-4500A high resolution scanner showing 

the three 45 s. longitudinal passes through the body, effectively creating a very large fan 

beam with a single center of focus (adapted from Kelly TL, Berger N. Richardson TL. DXA 

body composition: theory and practice. Appl Radiat Isot I998;49:511-3.) 
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body and regional BMD can be obtained. The XR-36 DXA system includes a unique feature 

called ""dynamic filtration" which varies the X-ray intensity by patient thickness. Thus, the 

hardware of this instrument compensates for the effects of tissue tiiickness on the precision 

and accuracy of the measurements. The XR-36 system has a scanning area of 193 x 64 cm 

and allows analyses of total bone mineral and body composition, regional BMC, forearm 

BMD, and small subject scarming. Regional body composition analyses can also be made 

using software versions 2.4 and 2.5 (42). 

DXA calibration. Many non-chlorinated plastics, polyethylene and acrylic attenuate 

dual-energy X-ray beams in a maimer that is very similar to fatty tissue (9). Adding small 

amounts of aluminum to such plastics produces materials that appear leaner to the X-rays. 

Such materials can be used to simulate fat and fat-free components. This principle, that the 

composition of soft tissues in the human body can be simulated by varying combinations of 

aluminum and acrylic, was exploited to create calibration standards for DXA. The standards 

were composed of acrylic and aluminum and accurately reflect the dual-energy X-ray 

attenuation. The acrylic and aluminum standards were assigned percentage fat equivalent 

values by means of a primary calibration to a fat (stearic acid) and to a fat-free material (pure 

water). Stearic acid, defined as 100% fat, comprises approximately 10-20% of the total fatty 

acid content in mammzils, and is solid at room temperature. Pure water appears slightly fatty 

to X-rays, having an apparent fat content of 8.5% (water plus physiological amounts of 

electrolytes appears leaner, approaching 0% fat). The acrylic and acrylic/aluminum 

combinations were machined into step wedges designed to span the physiological range of 

body composition and tissue thickness. Such standards provide accurate calibration by 
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compensating for X-ray beam hardening, special shifts in the X-rays, and variations in 

photon intensity and detector response. The step wedge was assigned a percentage fat 

equivalent by means of direct X-ray comparison to stearic acid and water. The acrylic 

measured 68% fat and the acrylic/aluminum measured -10% fat (slightly leaner than the 

leanest soft tissue) on a scale where stearic acid was 100% fat and pure water was 8.6% fat. 

Calibration curves based on this dual-energy attenuation produced by the step phantom were 

used to measure the fat mass and FFM at each tissue point in the DXA image. A limitation 

of the method is that fat and lean mass cannot be measured for pixels containing bone. 

Although total mass can be determined for "bone points"', the proportions of fat and lean 

must be estimated from "tissue points" near the bone. To achieve such estimates, fat and 

lean proportions measured in tissue points on both sides of the bone are interpolated linearly 

across the bone (9). 

DXA Software. Software versions are continuously upgraded. Each software 

version is based on specific assumptions to estimate BMD and body composition (42). 

Hologic's recent software versions for analysis of body composition are version 8.1a and 

version 8.21. 

DXA Precision Studies. Johnson and Dawson-Hughes (II) evaluated DXA 

precision in vivo in five postmenopausal Caucasian women using a Lunar DPX scanner and 

software version 3.1. The subjects underwent six whole body scans initially and again 9 mo 

later. Scans were performed the same day, and the subject was repositioned for each scan. 

Mean CVs were 0.64% for BMD. 2.2% for fat, and 1.05% for lean body mass. 
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Economos et al (16) assessed intra- and inter-site (three medical institutions) soft 

tissue variability by Lunar DPX with software version 3.6z (Sites 1 and 2), and DPX-L with 

software version 1.3z (Site 3). Five humans {in vivo) and four phantoms (in vitro) configured 

from two whole body with artificial skeletons and thickness overlays were used. Duplicate 

total body DXA scans were performed on all subjects at each institution within a 15-d period. 

All intra-site CVs were <0.5% for total tissue mass, but in vitro and in vivo CVs were 7.2 and 

2.3% for fat mass and 2.5 and 0.9% for lean mass, respectively. Several total body and 

r e g i o n a l  f a t  a n d  l e a n  m a s s  m e a s u r e m e n t s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  s i t e s  ( P  <  

0.05), with percentage differences between sites ranging from 2.6 to 13.3% for fat mass, and 

from 1.6 to 13.6% for lean mass. Site 2 was consistently lower for fat mass and Site 3 was 

consistently lower for lean mass. These results stress the need for both rigorous and 

standardized cross-calibration procedures for soft tissue measurements by DXA. 

Hansen et al (12) compared four methods for predicting body composition in 

premenopausal women (n = 100), 28-39 y-old using underwater weighing (UWW) as the 

criterion method. The four methods were DXA (Lunar DPX with software version 3.1), 

skinfolds (triceps, biceps, subscapular, anterior suprailiac, calf, forearm, midaxillary 

suprailiac, thigh, and abdominal), bioelectrical impedance (BIA), and body mass index 

(BMI). The subjects had a mean %BF of 29.7 ± 6.8% by DXA and 29.9 ± 5.8% by UWW. 

DXA yielded an SEE of 2.4% (r = 0.91) for the prediction of %BF from UWW. When %BF 

was estimated from other methods, larger SEEs were obtained: 3.0% for skinfolds, 3.3% for 

BMI, and 2.9% for BIA (heights/resistance) plus weight. Individual body density values 

derived from UWW were corrected for bone mineral variation. DXA predicted the corrected 
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body density with a lower SEE f0.0040 versus 0.0053 g/niL) than the original density values. 

The authors concluded that DXA was a precise method and correlated highly with fat-free 

body weight and %BF from UWW in their homogeneous femziie population. 

Jensen et al (13) examined DXA accuracy and precision using both anthropometric 

phzmtoms and a combination of body composition techniques in humans. Satisfactory 

precision for measurement of total body fat, FFM, and total body bone mineral could be 

demonstrated in vivo and in vitro. Predictions of lean body mass in humans on the basis of 

DXA. total body water (TBW), and total body potassium (TBK.) were significantly different. 

Multiple regression analysis suggested that a component of TBW was related to body 

potassium, and another component was predicted by body fat. In addition extracellular fluid 

volume, as measured by the bromide space technique, was significantly associated with both 

FFM and fat mass as measured by DXA. 

Mazess et al (10) measured BMD and soft-tissue composition of the total body and 

major sub-regions with DXA (Lunar DPX). Total body scans were made in 12 young adults 

(6 male and 6 female) on five occasions at both medium speed (20 min) and fast speed (10 

min). There were no significant differences in mean results or in precision errors between 

the two speeds. The precision errors (1 SD) for total BMD. percentage fat in soft tissue, fat 

mass and lean tissue mass were <0.01 g/cm", 1.4%, 1.0 kg, and 0.08 kg, respectively. These 

results correspond to a relative error of 0.8% for total body BMD and 1.5% for lean body 

mass. Regional BMD and soft-tissue values (arms, legs, trunk) were determined with 

slightly higher precision errors. Skeletal mineral was 5.8 ± 0.5% of lean tissue mass (r = 
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0.96. P  <  0.01). The authors concluded DXA provides precise composition analysis with a 

low radiation exposure. 

Spector et al (14) reported on the short term in vivo precision and absolute 

measurements of three combinations of whole body scan modes and analysis software using 

an Hologic QDR-2000. A group of 21 normal healthy volunteers (11 male and 10 female), 

were scanned six times, receiving one pencil beam and one fan beam whole body scan on 

three occasions approximately 1 wk apart. Pencil beam scans were analyzed with Hologic "s 

standard whole body software (PB scans); the same pencil beam analyzed with Hologic's 

"enhanced" software (EPB scans); and fan beam scans analyzed with the enhanced software 

(EA scans). Precision values (CV%) were calculated for whole-body and regional BMC. 

BMD, fat mass, lean mass, %BF and total mass. In general there were no significant 

differences among the three scan types with respect to short term precision of BMD and only 

slight differences in the precision of BMC. Precision of BMC and BMD for all three scan 

types was excellent: <1% CV for whole body values, with most regional values in the 1 to 

2% range. Pencil beam scans demonstrated significantly better soft tissue precision than did 

fan beam scans. Precision error for whole body lean mass was: 0.9% (PB), 1.1% (EPB) and 

1.9% (EA). Precision error for whole body fat mass was: 1.7% (PB), 2.4% (EPB) and 5.6% 

(EA). 

Thomsen et al (17) evaluated measurements of human body composition using DXA 

and assessed precision and variation within and between observers, as well as the influence 

of food and fluid intake. Seventeen volunteers, 12 male and 5 female, mean age 28 y (range: 

13 to 39 y), and mean weight 71 kg (range: 41 to 89 kg) underwent repeated scans. 
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Repeatability coefficients and CVs were obtained for four compartments: tissue mass, 416 

g (CV 0.2%); fat mass, 1117 g (CV 2.6%); lean tissue mass, 1425 g (CV 0.9%); and total 

BMC, 109g(CV 1.2%). Intra-observer variation was non-significant. There was little inter-

observer variation in assessing tissue mass and BMC. but there were no significant 

differences when judging fat and lean tissue mass. Drinking resulted in significantly 

increased values for tissue and lean tissue mass, which corresponded to the intake. DXA is 

a precise and reproducible method with little variation within and between observers. 

Chen et al (15) DXA scanned (Lunar DPX, software version 3.6,1.3 y) 50 Caucasian 

postmenopausal women. The precision (% CV) based on measurements taken 1 wk apart 

(« = 50) in the measurements of BMD was 0.7.1.3,1.0,2.8 and 1.8% for total body, lumbar 

spine, femoral neck, femoral Ward's triangle, and femoral trochanter, respectively. The 

precision for total BMC was 1.3%. The precision in fat tissue mass measurements was 2.2%, 

and the precision for lean tissue was 1.7%. A 1 year long-term in vivo precision of DXA 

derived measurements was 0.7,2.2,2.0,3.7 and 2.1 % for total body BMD, lumbar spine (L2-

L4) BMD. femoral neck BMD. Ward's triangle BMD, and femoral trochanter BMD. 

respectively. Long term in vivo precision of total body BMC, fat tissue mass, and lean tissue 

mass was 2.0. 5.7, and 2.4%, correspondingly. 

DXA Validation Studies. Clark et al (51) compared the prediction of %BF in male 

subjects by DXA (Norland XR-26, software version 2.0.1/1.1.4), UWW and skinfolds using 

UWW as the criterion. Significant differences were found between methods. The r = 0.91 

and SEE = 3.0% fat for DXA compare favorably with the established skinfold methods of 

Jackson and Pollock (52) £ind Lohman (triceps, subscapular and abdominal; 53) for 
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predicting %BF; however. DXA demonstrated the largest mean difference (3.9% fat) and 

total error (5.2% fat) when compared with UWW. These results do not support earlier 

research that found no significant difference in %BF measured by UWW and DXA in males. 

Tothill et al (54) compared the results of measurements of total and regional fat by 

DXA (Norland XR26 Mark II HS scarmer. software version 2.4), UWW and magnetic 

resonance imaging (MRI; 0.08 TesIa) in 13 premenopausal women. Results showed high 

correlation between measurements of total body fat by the different techniques, but poor 

agreement. The mean values for fat as percentage of total body mass were 28.6% by UWW. 

40.0% by DXA. 23.0% by MRI (MRI excluded the head, forearms and feet, which were 

estimated from the DXA measurements to contain 8% BF). Although the correlation was 

linear in the ranges examined, those including DXA had higher intercepts. Bland and 

Altmzin (55) plots showed no dependence of the differences on the degree of fatness. 

Evidence was obtained from in vivo comparisons and phantom measurements that the fat 

calibration of the Norland instrument had changed during a 3-y period, suggesting that fat 

calibration errors contributed to the MRI/DXA differences. Profiles of fat distribution along 

the body indicated variations in the DXA/MRI ratio, particularly in the chest, with the DXA 

pattern thought to be less accurate. The DXA measurements of bone mineral, fat and lean 

tissue were used to demonstrate the variable proportion of bone in fat-free tissue, leading to 

errors in UWW. From this study it can be concluded that each method has its assumptions, 

which are often not sufficiently appreciated. Each method may be useful for testing and 

improving the assumptions in other methods. 



50 

Wellens et al (56) determined %BF and FFM in 151 (78 women and 50 men) adults 

by DXA using a Lunar DPX scarmer and software version 3.4. by UWW and residual lung 

volume with a two-compartment model using body density, and from TB W using deuterium 

dilution. The only significant (P < 0.05) inter-method differences in %BF estimates were a 

2.7 ± 4.2% lower estimate from TB W compared to the UWW estimate in women and a 2.2 

± 4.3% lower estimate from TBW compared to the DXA estimate in men. 

Blake et al (18) described phantom and in vivo studies of the effect of the change in 

beam configuration on DXA measurements. Fan bean and pencil beam measurements 

acquired on the Hologic QDR-2000. were compared with scans performed on the Hologic 

QDR-1000. Hologic QDR-2000 fan and pencil beam scan results for 20 volunteers 

correlated closely with Hologic QDR-1000 pencil beam data (r = 0.966 to 0.998). For BMD 

measurements on the spine and hip, differences between fan and pencil beam data reflected 

differences in calibration and random measurement errors. 

Svendsen et al (57) accurately measured changes in fat an lean tissue mass (simulated 

by placing 8.8 kg porcine lard on the trunk of six women) by DXA (Lunar DPX, software 

version 3.2). The measured total body bone mineral (TBBM) was significantly increased by 

the lard (P < 0.05). 

Milliken et al (58) assessed the effects of variations in regional body composition on 

the accuracy of DXA (Lunar DPX-L. software version 1.3y) measurements in humans. Eight 

conditions were examined: one lard packet (n = 18), two stacked lard packets (n = 10), one 

ground beef packet (n= 10) and one water packet (n = 10) were alternately placed on the 

thighs and abdomen. Differences between baseline plus packet and measured composition 
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were assessed. Under all conditions, except with two abdominal lard packets, actual and 

measured total mass were similar. Percentage fat of one lard packet was significantly 

underestimated when placed in the abdomen (90% actual versus 52% meastired). The 

percentage fat of two lard packets was underestimated when placed on the thighs (90% 

versus 47%); while the percentage fat of the water packet was overestimated in both 

locations. The Lunar DPX underestimated the percentage fat of lard placed over the 

abdomen more than when placed over the thighs and overestimated percentage fat of water 

in both locations independent of thickness. Ground beef was accurately detected. 

In view of previous findings that DXA underestimated central body fat, Kohrt (59) 

examined whether updated software (Hologic QDR-1000 enhanced version 5.64 software) 

would correct this problem. Ten subjects (5 women and 5 men), aged 28 ± 4 y underwent 

DXA scanning with packets of lard (1.51 kg, -2.5 cm thick) positioned over either the thighs 

or the trunk. Regardless of position. DXA accurately measured the additional fat mass as 

-96% fat. In another experiment body composition assessed by DXA and hydrodensitometry 

was compared in women (« = 110) and men (« = 110) ranging in age firom 21 to 81 y. DXA 

yielded higher {P < 0.001) estimates of fatness than hydrodensitometry (32.1 ± 12.0% versus 

31.2 ± 10.1 %). The mean difference between the two methods was similar in young, middle-

aged, and older subjects, but was different in men than women (hydrodensitometry - DXA, 

1.6 ± 3.4% body weight and - 2.1 ± 3.8% body weight, respectively). 

Going et al (60) studied the ability of DXA (Lunar DPX, software version 3.6) to 

detect small changes in body composition in 17 men and women during a dehydration-

rehydration protocol. Scale weight (body weight) and total mass from DXA were highly 
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related (r > 0.99), as were estimates of FFM (r = 0.99) and densitometry. Changes in body 

weight of ~ 1.5 kg due to fluid loss and gain were highly correlated r = 0.90) with both tissue 

changes in total mass and soft tissue mass by DXA, but less so (r = 0.67) with changes in 

lean tissue mass. Mean changes in total mass, soft tissue mass, and lean tissue mass were 

not different (P > 0.05) from changes in body weight. Bone mass and fat were unaffected 

by changes in hydration. DXA was able to detect small individual changes in total mass and 

soft tissue mass. 

Different results were obtained by Pietrobelli et al (61) in an in vitro simulation of 

errors arising in DXA fat estimates as a result of changes in soft tissue hydration. Their 

results showed that DXA fat estimation errors occur as a fimction of added fluid. Small but 

systematic and predictable errors in DXA soft tissue composition analysis may arise with 

fluid balance changes. 

In a quality control study Barthe et al (62) compared two Hologic DXA systems 

(QDR-IOOO and QDR-4500A). Lumbar spine and femoral neck measurements were 

performed with both systems on 120 volunteers; both measurements were made on the same 

day. The corresponding BMD values were highly correlated (r = 0.985 for lumbar spine and 

0.948 for femoral neck), and the mean BMD differences were 0.68 and 0.37%, respectively. 

Although small, these differences add to the precision error of the method, which is near 1 %. 

These authors recommend that when a DXA system is replaced by a new one, appropriate 

quality control procedures be observed. 

Sardinha et al (63) compared air displacement plethysmography with DXA (Hologic 

QDR-1500, software version 5.67, enhanced whole body analysis) for estimating body 



composition in middle-aged Caucasian men (n = 62). The estimate of %BF from the 

plethysmograph (23.4 ± 7.0%) was 2.6% lower (P < 0.05) than that from DXA (26.0 ± 

7.4%). The total error was 3.7%BF. A multiple regression model including plethysmograph. 

age, weight and height variables yielded the best prediction of DXA-measured %BF (i?"^ = 

89.5%, SEE = 2.4%). The same was true for the prediction of FFM (R' = 90.0%, SEE = 

1.9%). When compared with DXA %BF was underestimated by the plethysmograph, while 

body composition was closely estimated by the plethysmograph in this group of men. 

DXA ADplieations. DX.A. has been used to assess the effects of intervention on body 

composition and bone health. 

DXA and bone studies. Lohman et al (64) assessed the effects of 18 mo of resistance 

exercise on regional and total HMD soft tissue lean mass in premenopausal women aged 28 

to 39 y randomly assigned to exercise or control groups. Twenty-two exercise and 34 control 

subjects completed the 18-mo training study. All subjects were previously inactive. Initial 

and 5-, 12- and 18-mo assessments were made of total and regional BMD and total and 

regional soft tissue lean mass using DXA (Lunar DPX. software version 3.1). All subjects 

consumed a 500 mg/d elemental calcium supplement. Initial calciimi intake without 

supplement averaged 1,023 mg/d in total sample. Serum levels of bone osteocalcin and 

dietary assessments using 12 randomly assigned days of diet records were also completed. 

Muscular strength was assessed from both 1 repetition maximum testing of 10 weight lifting 

exercises and by peak torque for hip abduction/adduction and knee extension/flexion. 

Training increased strength by 58.1% based on 1 repetition maximum testing and by 33.8% 

based isokinetic testing at 18 mo versus baseline. BMD increased significantly above 
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baseline at the lumbar spine for the exercise group at 5 mo (2.8%), 12 mo (2.3%) and 18 mo 

(1.9%) as compared with controls. Femur trochanter BMD increased significantly {P < 0.05) 

in the exercise group at 12 mo (1.8%) and 18 mo (2.0%), but not at 5 mo (0.7%) as compared 

with controls. No changes in total, arm or leg BMD were found. There was a 20% increase 

in bone 1G protein (BGP) in the exercise group compared to controls at 5 mo, and this 

difference was maintained throughout the study. Significant increases for total, arm and leg 

soft tissue lean mass were found at 5. 12 and 18 mo for the exercise group versus control, 

and ranged from 1 to 6% over baseline. This study supports the use of strength training for 

increasing soft tissue lean mass and muscular strength with smaller but significant regional 

increases in BMD in premenopausal women. 

Nordstrom et al (65) evaluated the relationships among BMD, physical activity, 

muscle strength and body constitution in yoimg men with a low or moderate level of physical 

exercise. Thirty-three Caucasian men, aged 24.8 ± 2.3 y, underwent DXA measurements 

(Lunar DPX-L, software version 1.3). BMD of the total body, lumbar spine (L2-L4), femoral 

neck. Ward's triangle and trochanter, humerus and head were measured by DXA. Physical 

activity and muscle strength were found to be independent significant predictors of BMD of 

the total body and the sites at the proximal femur. These results suggest that at the time of 

peak bone mass attainment, physical activity is an important predictor of the clinically 

relevant proximal femur in young men with a low to moderate level of exercise. 

Kohrt et al (66) studied 54 postmenopausal women, aged 60 to72 y. not on hormone 

replacement therapy (HRT) for at least 2 y, and who did not participate in regular exercise. 

The study included an 11 -mo treatment phase and a 6-mo follow-up phase. Participants were 
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assigned to control (n = 10), exercise ( n  = 18), HRT ( n  =  0), and exercise + HRT ( n =  16) 

groups. HRT was continued during the follow-up. The exercise program consisted of 2 mo 

of flexibility exercise training followed by 9 mo of weight bearing exercise training, at least 

3 times per week. The 9-mo weight bearing exercise program consisted of walking, jogging, 

and stair climbing/descending. BMD of the total body, lumbar spine (L;- L4), and proximal 

femur (neck, trochanter. Ward's triangle) was measured by DXA (Hologic QDR-IOOO/W, 

software version 5.64) and total body composition was measured at ~3 mo intervals. After 

the treatment phase, changes in total body BMD were -0.5 ± 1.7. 1.5 ± 1.4, 1.2 ± 0.8, and 

2.7 ± 1.2% in control, exercise, HRT, and exercise + HRT groups, respectively. Exercise + 

HRT was more effective than HRT in increasing BMD of the total body and tended to be 

more effective at the lumbar spine. Exercise + HRT was more effective than exercise alone 

in increasing BMD of the total body, lumbar spine and trochanter. Exercise induced gains 

in BMD were preserved during the follow-up only in those individuals receiving HRT. HRT 

also attenuated fat accumulation, particularly in the abdominal region, after the exercise 

program. 

Chen et al (15) examined the importance of fat and lean mass in determining bone 

mineral mass in Caucasian postmenopausal women. DXA (Lunar DPX, software version 

3.6. 1.3y) was used to estimate BMD and BMC. fat tissue mass, lean tissue mass, and body 

weight. Linear regression analysis using cross-sectional data (n = 50) indicated that lean 

tissue mass explained a larger percentage of variation in bone mineral mass than did fat 

tissue mass. Fat tissue mass and lean tissue mass were found to be moderately correlated (r 

= 0.55); when fat tissue mass was entered in the same regression models, lean tissue mass 
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was a significant predictor ( P  <  0.05) of total and regional BMC. but not BMD. Weight was 

the best predictor of total body BMD and BMC. 

DXA and obesity studies. One of the limiting features of available DXA instnunents 

is the size of the scanning area (190 x 60 cm). Because of this limitation, the accuracy of 

measurement in obese subjects, whose body dimensions exceed those of the scanning area, 

is reduced proportionally to the amount of tissue excluded from the scan. Tataranni and 

Ravussin (67) assessed 183 subjects with a BMI of 17.2 to 52.8 kg/m* by DXA scans (Lunar 

DPX. software version 1.3z) and hydrodensitometry. Subjects fitting in the DXA scanning 

area were scanned once; whereas subjects exceeding it were scanned twice, once for each 

side of the body. Comparison of results of the right and left side of the body showed 

minimal differences. Least squares regression analysis of whole body composition by 

hydrodensitometry on DXA yielded the following results: %BF. r = 0.89 (SEE = 4.1%); 

FFM, r = 0.89 (SEE = 3.72 kg); and fat mass, r = 0.95 (SEE = 3.57 kg). When DXA scans 

of half body (right side) were correlated with UWW, the results were similar; for the right 

side, r = 0.90 (SEE = 4.1%); and left side, r = 0.89 (SEE = 4.2%). The least squares 

regression analysis of the right on the left sides of the body yielded the following results: 

%BF. r = 0.99 (SEE = 0.5%); non-bone fat-free soft tissue, r = 0.97 (SEE = 0.86 kg); fat 

soft tissue, r = 0.99 (SEE = 0.60 kg); and bone mineral, r' = 0.89 (SEE = 0.08 kg). The 

authors concluded that half-body (right side) DXA scans accurately predict whole body 

composition in the obese. 

Svendsen et al (68) developed a model for prediction of intra-abdominal adipose 

tissue with combined DXA (Lunar DPX. software version 3.2) and anthropometry in 
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postmenopausal women (BMI: 19.9 to 35.1 kg/m"). Intra-abdominal and subcutaneous 

adipose tissue from the first to the fourth lumbar inter-vertebral disk was measured by 

computerized tomography (CT) as a reference method, and by DXA. Abdominal sagittal 

diameters, skinfold thickness, and circumferences were also measured. Measurements of 

abdominal fat by CT and DXA were valid (r = 0.9, SEE = 7%). .Measurements of abdominal 

fat by DXA explained about 80% of the variation in the intra-abdominal adipose tissue (by 

CT), and waist to hip circumference ratio (WHR) correlated significantly with the intra

abdominal to subcutaneous adipose tissue ratio. Abdominal fat measured by DXA, WHR. 

and the sum of trunk skinfold thickness could, in combination, accurately predict the intra

abdominal adipose tissue measured by CT (r = 0.91, SEE = 15%). According to this study 

intra-abdominal adipose tissue can be predicted in postmenopausal women by DXA 

combined with anthropometry. 

Jensen et al (69) measured abdominal and visceral fat with CT and DXA (Lunar, 

software version 3.4) to predict intra-abdominal fat. Twenty-one subjects (6 men and 15 

women) underwent abdominal CT and DXA scans, and anthropometric measurements. 

DXA- and CT-measured total abdominal fat were similar (8448 ± 5005 and 8066 ±5354 mL. 

respectively) and highly correlated (r = 0.985. P < 0.001). A combination of anthropometry 

a n d  D X A  w a s  a  s u b o p t i m a l  p r e d i c t o r  o f  C T - m e a s u r e d  i n t r a - a b d o m i n a l  f a t  ( r  =  0 . 6 1 .  P  <  

0.05). A combination of a single CT slice (to assess the ratio of intra-abdominal to total 

abdominal adipose tissue) and DXA-measured intra-abdominal fat was an excellent predictor 

of CT-measured intra-abdominal fat (r = 0.98. P < 0.001). 
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Fogelholm et al (70) assessed body fat mass loss in 32 obese (BMI = 29 to 41 kg/m") 

premenopausal women before and after a weight loss of 13.0 = 3.4 kg. A four-compartment 

model was used as a criterion. The other methods were: three-component model (body 

density with TB W or bone minerals, UWW. DXA (Norland XR-26, software version 2.5.2), 

BIA with an obese-specific equation (71), skinfolds and BMI. Compared to the other 

methods used to assess fat mass and FFM, DXA significantly overestimated fat mass before 

and after weight reduction. The bias for DXA became more positive with increasing size of 

the measurement. 

Podenphant et al (72) determined body composition by DXA (Norland XR-26 MK 

II, software version 2.4), and classical reference methods (''°K, ^H;0, and a combination of 

these in a four-compartment model) in 19 overweight patients with rheumatoid arthritis who 

underwent a 12-wk weight reducing regimen. Weight as determined by DXA was highly 

correlated to scale weight. Significant correlations were obtained for FFM and fat mass 

determined by DXA, ̂ K, 'H^O and the four-compartment model. There were no significant 

correlations between any of the methods for body composition changes, except for the weight 

loss recorded by DXA and scales. The sparseness of correlation reflected the small changes 

in FFM and fat mass (2.6 and 1.7 kg, respectively). 

Pritchard et al (73) used DXA (Hologic QDR-IOOO/W. software version 5.47) to 

assess total and regional body composition changes in 58 male subjects who lost weight over 

12 mo. Subjects were randomly assigned to either a low fat diet (22 to 25% fat), an exercise 

(three sessions per week at 65 to 75% maximum heart rate) or a control group. Mean weight 

loss was 6.4 ± 3.3 kg in dieters and 2.6 ± 3.0 kg in e.xercisers; control subjects maintained 
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weight. DXA scans showed that 40% of dieters' weight loss was lean tissue; while more 

than 80% of the weight loss by exercisers was fat. 

Hendel et ai (74) assessed change in FFM in 16 obese women (BMI: 30 to 43 kg/m") 

who underwent weight reduction. Measurements of FFM were done by BIA, TBK and DXA 

(Norland XR-36. software version 2.4). FFM was overestimated by BIA compared to DXA 

and TBK measurements before and after weight loss. During weight loss, FFM did not 

change, as estimated by DXA (1.3 ± 2.3 kg, P > 0.05) and TBK (0.9 ± 2.9 kg, P > 0.05). 

In a cross-sectional and follow-up study (75) of body composition before and after 

a weight loss of 10.6 ± 6.8 kg in 31 obese subjects, with a mean body weight of 105.2 ± 15.2 

kg at baseline. DXA underestimated body weight by a maximum of 3.2 kg because the 

subjects were too large for the scan table. However, the post-weight-loss body weight 

measurements were accurate. Linear relationships between DXA and TBK for FFM were 

strong (r = 0.92 and 0.93. before and after weight loss, respectively); however. DXA 

underestimated FFM in women and overestimated FFM in men. DXA accounted for 80% 

of the lost body weight. The composition of the lost body mass did not differ from that 

estimated by TBK (7.6% FFM and 92.4% FM by TBK; 11% FFM and 89% FM by DXA). 

Explanation of Dissertation Format 

This dissertation was prepared using the publishable paper format. Therefore, Chapter 

2 contains sununaries of the methods, results and conclusions of three manuscripts in 

preparation for publication which comprise Chapters 3, 4 and 5. This project was a result 

of a large collaborative effort involving many investigators and a research support staff. The 
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Intramural funding for ttiis project was obtained by the author from the Center for Health 

Research (25%) and the Nutrition Department (25%) of the Loma Linda University School 

of Public Health, and from the Loma Linda University Cancer Institute (50%). The author 

had sole responsibility for subject recruitment, scheduling and data collection. Data analyses 

and interpretation were carried out by the author under the guidance of the dissertation 

committee. 
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PRESENT STUDY 

The methods, results and conclusions of the present study are presented in three 

manuscripts to be submitted for publication which comprise chapters 3, 4 and 5 of this 

dissertation. The methods, results and conclusions presented in these manuscripts are 

siunmarized below. The first manuscript addresses the impact of a weight reduction program 

over a 3 mo-period on total body weight loss and indices of total and regional body 

composition. The second manuscript focuses on the effects of weight loss over 9 mo on the 

plasma lipids, total cholesterol, HDL- and LDL-cholesterol, triglycerides, total cholesterol 

to HDL-cholesterol ratio, and serum leptin and insulin concentrations. In the last manuscript 

emphasis is given to the reproducibility of body composition measurements using a fan beam 

dual-energy X-ray absorptiometer (QDR-4500A, Hologic Inc.. Waltham. MA) and to the 

comparison of two versions of body composition analysis software. 

Methods 

Subjects 

A total of 49 postmenopausal Caucasian women aged 40 to 70 y were recruited by 

direct mailings and by advertisement in the Loma Linda University FYl paycheck enclosure. 

The women were enrolled for a period of 9 mo to participate in a prospective clinical trial 

to examine the effects of weight loss on total and regional body composition, plasma lipids, 

and serum insulin and leptin. A random digits table was used to assign the women to either 
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the group designated "control" or the group designated '^treatment". At the end of 3 mo the 

control group crossed-over to the treatment group and received the same weight loss 

intervention (Figure 2.1). At the end of 6 mo, the original treatment group discontinued 

Fastin® therapy, but maintained the 1200 kcai diet. All subjects received Fastin® for 6 mo. 

Inclusion in the study required a BMI of 30 kg/m" or greater or a BMI of 27 kg/m" 

plus a cardiovascular disease (C VD) risk factor. Exclusion criteria were participation in any 

weight control program during the previous 3 mo. use of serotonin re-uptake inhibitors, or 

any Fastin® contraindication (untreated hypertension, hyperparathyroidism, hypersensitivity 

to sympathomimetic amines, glaucoma, agitated states, history of drug abuse, or use of 

monoamine oxidase inhibitors either currently or during the previous 2 wk (76). 

Following selection, subjects underwent a physical examination conducted by the 

program physician which involved a 12-lead electrocardiogram (EKG), and blood tests 

including complete blood count (CBC), lipid profile, and random chemistry profile (RCP). 

Ail subjects gave written informed consent to participate in the study. The study protocol 

was approved by the Institutional Review Board (IRB) of Loma Linda University (Appendix 

A), and a copy of this approval was filed with Tne University of Arizona Human Subjects 

Committee. 

Treatment 

A medically supervised weight loss intervention using phentermine hydrochloride 

(Fastin®; SmithKline Beecham Pharmaceuticals, Philadelphia, PA) was designed for this 

study. After initial screening by the physician, all subjects received monthly check-ups by 
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3 months 6 months 9 months 
Treatment | 1 1 1 

I t CQ I 

FIGURE 2.1. Schematic representation of the partial cross-over design. At 3 mo the 

control subjects cross-over to treatment. At 6 mo the treatment group discontinues Fastin®. 

but continues the 1200 kcal diet. Both groups received 6 mo of Fastin® treatment. 
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the physician or nurse educator. Women in the treatment group were prescribed 15 mg 

Fastin®/d (QD). If the subject did not respond to this dose, as assessed by lack of decreased 

appetite and weight loss, the Fastin® dose was increased to 15 mg twice per day (BID; at 

8:00 a.m. and 5:00 p.m.). Subjects in the treatment group consumed a 1200 kcal diet 

prescribed by the study dietitian, and attended monthly group sessions. These sessions 

covered skill building for changing eating habits, including stress management, exercise, 

nutrition, and management of emotions without food. 

It was hypothesized that the treatment subjects would lose 10% of their initial body 

weight by the end of 6 mo of intervention, and that the control subjects would not lose 

weight during the first 3 mo. An SD of 10.6 and a treatment effect of approximately equal 

to 1 were assumed. The statistical power to detect a significant weight loss before and after 

treatment is 93%. The number of subjects in both control and treatment groups required to 

maintain the power of 93% and the treatment effect of 1 is shown in Table 2.1. These 

numbers indicate accommodation for attrition over 9 mo of study. 

Anthropometry 

Protocols for body weight, height, skinfold and circumference measurements 

followed the standard procedures of Lohman et al (53). The mean of two measurements was 

used for subsequent statistical analyses. Body weight was measured to the nearest 0.1 kg 

(Detecto. Brooklyn, NY) with the women clothed only in a hospital gown and panties and 

without shoes. Height was measured to the nearest 0.1 cm with a wall-mounted stadiometer 

(British Holtain Ltd., Crymych, Dyfed, UK). 
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TABLE 2.1. Estimated sample size required for statistical power of 93% and 
treatment effect of 1 

Estimated Sample Size 

Baseline 12 wk 6 and 9 mo 

Treatment 25 20 15 

Control 25 20 15 
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Skinfold measurements were made using Lange calipers (Beta Technology Inc., 

Cambridge, MA) on the right side of the body at the subscapular, triceps, suprailiac and 

abdominal sites. Body circumferences were measured with a retractable fiberglass tape (17-

1340-2; GRAFCO, Japan) at the waist (smallest horizontal circumference between the ribs 

and the iliac crest), buttocks or hips (horizontal circumference at the maximum extension of 

the buttocks) and proximal thigh (horizontal circumference around the thigh, immediately 

distal to the gluteal furrow) sites. The waist to hip ratio (WHR) was calculated as: 

WHR = waist circumference (cm) / hip circumference (cm) 

The waist to thigh ratio (WTR) was calculated as: 

WTR = waist circumference (cm) / thigh circumference (cm) 

Duplicate weight, height, skinfold and circumference measurements were taken at 

baseline. 3. 6 and 9 mo. In between these periods of time, weight was measured monthly 

at each follow-up clinic visit. 

Dual-Energy X-ray Absorptiometry (DXA) 

Total and regional body composition was measured using a dual-energy X-ray 

absorptiometer (QDR-4500A; Hologic Inc.. Waltham, MA). This instrument has an X-ray 

tube with a filter to convert the polychromatic X-ray beam into low and high energy peaks. 

The body composition analysis software supplied with the instrument was version 8.1a. All 

data were re-analyzed using sofhvare version 8.21 which was designed to minimized 

magnification effects present in the earlier software (version 8.1a). Scans were obtained with 

the subject lying supine, wearing only a hospital gown and panties, and with all metal or 
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jewelry removed. Whole body scans were taken and regions of interest were isolated. Scan 

time was approximately 3 min for each assessment with a the radiation exposure of 1.5 

mrem. DXA scans were obtained at baseline and after 3 mo of treatment. 

For the purpose of validation of the instrument, two baseline scans were taken in a 

subset of 10 subjects on the same day, before the subjects started the weight reduction 

program. After the first measurement, each subject was asked to step off the DXA table and 

to walk around the room for approximately 2 min before the second scan was done. All the 

other subjects were scarmed once at baseline. All subjects were scanned after 3 and 6 mo. 

and after 9 mo the control subjects were scanned again. 

To minimize the operator-dependent imprecision, DXA scans were performed by the 

same two tredned technicians throughout the duration of the study. The percentage mean 

difference between duplicate measurements (« = 10) was calculated as: 

Mean Difference (%) = [Mean Difference / Mean of both measurements] x 100. 

The percentage mean difference between baseline and 3 mo was calculated as: 

Mean Difference (%) = [Baseline - 3 mo / Baseline] =< 100. 

Blood Collection 

Venous blood samples were collected from an antecubital vein after a 12- to 14-h fast. 

A total of 6 tubes, each containing about 10 mL of blood, were drawn at each of the four 

data collection visits. Four of these samples were drawn into EDTA-containing vacutainer 

(purple top) for plasma lipid, CBC and genetic analyses. Another two anticoagulant-free 

vacutainer (red top) tubes of blood were drawn for serum insulin and leptin analyses. Whole 
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blood was sent to the Loma Linda University clinical laboratory for processing. Blood 

samples were centrifuged for 10 min at room temperature (series no. UM3540, United 

Medical Laboratories, Inc.) and the serum (for insulin and leptin assays) and plasma (for lipid 

assays) were aliquoted into cryogenic tubes and frozen at -82*^0 until analyzed. Assays for 

leptin and insulin were done on one sample; lipid analyses was done on 2 samples drawn 1 

wk apart. Elapsed storage time was approximately 3 mo for the baseline and 3-mo samples 

and 2 wk for the 6- and 9-mo samples. Frozen plasma and serum samples were shipped 

overnight on dry ice for lipid and leptin analyses. 

Plasma Lipids., Serum Insulin and Serum Leptin 

Plasma lipids and serum insulin and leptin were determined at baseline, 3, 6 and 9 

mo for all subjects. Plasma lipid assay were carried out in the laboratory of Dr. Maria Luz 

Fernandez at the University of Connecticut, Storrs, CT. Standardization and quality control 

for plasma cholesterol and triglyceride assays in this laboratory have been maintained by 

participation in the Centers for Disease Control-National Lung and Blood Institute (CDC-

NLBI). Lipid standardization program since 1989. Two 10 mL blood draws were obtained 

1 wk apart to measure plasma total cholesterol, HDL-cholesterol. LDL-cholesterol. and 

triglycerides. Total cholesterol was determined by an enzymatic method (77). Cholesterol 

standards were obtained from Boehringer Mannheim (Roche Molecular 

Biochemicals/Boehringer Mannheim Corporation, Indianapolis, IN). HDL-cholesterol was 

measured in the supernatant after precipitation of apo B-containing lipoproteins (78,79), and 
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LDL-cholesterol was calculated as described by Friedwald et al (80). Triglycerides were 

determined adjusting for free glycerol according to Carr et al (81). 

Serum insulin was measured by radioimmunoassay (Quest Diagnostics, Teterboro, 

NJ; Nichols Institute Diagnostics, San Juan Capistrano. CA) using guinea pig antibodies to 

porcine insulin. Porcine '-^I-insulin (Linco Research Inc., St. Louis, MO) was used as a 

radioactive tracer. Samples and insulin standard (human) were incubated with antibody and 

tracer for 4 h at room temperature. Antibody-bound insulin is then precipitated by a second 

antibody (goat anti guinea pig gamma globulin), 10% guinea pig serum and polyethylene 

glycol. The precipitated complex is then counted in a gamma counter for measurement and 

subsequent data analysis. 

Serum leptin analyses were performed by radioimmunoassay (Cat.3 HL-81K, Linco 

Research. Inc., St. Louis, MO). These analyses were carried out at the Obesity Research 

Center, Columbia University, New York, NY. 

Main Findings 

First Manuscript (Chapter 3) 

In the first manuscript the impact of a weight reduction program on total body weight 

loss and indices of total and regional body composition, including DXA and skinfold 

measurements for abdominal and thigh fat, was examined. As anticipated, there were no 

differences between baseline and 3-mo DXA measurements for control subjects (Table 3.4). 

However, subjects undergoing weight loss intervention decreased fat mass by 12% and lean 

mass by 4% (Table 3.5). As expected, there were significant differences in body weight and 
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composition between tJie control and treatment groups over the 3-mo period (Table 3.6). The 

differences occurred in scale weight {P < 0.01), total weight estimated by DXA (/* <0.01) 

a n d  a l l  f a t  v a r i a b l e s  { P  <  0 . 0 1 ) .  A m o n g  t h e  l e a n  t i s s u e  v a r i a b l e s ,  d e c r e a s e s  i n  l e a n  m a s s  { P  

< 0.05) and leg lean tissue (P <0.01) were observed after 3 mo. Percentage fat in leg and 

trunk decreased (P <0.01) after 3 mo of weight loss. Skinfold measurements (Table 3.7) 

over 3 mo were different for control and treatment groups {P < 0.01 and P < 0.05, 

respectively). While subscapular, triceps and suprailiac skinfolds decreased {P < 0.01), 

abdominal skinfolds did not. suggesting that the losses were localized to subcutaneous 

(subscapular and triceps) and centrally distributed (suprailiac) fat. Regional fat assessment 

by DXA indicates that abdominal and thigh fat were the regions affected (P <0.01) by the 

3-mo weight loss program (Table 3.11). 

Second Manuscript (Chapter 4) 

Cumulative weight loss over 9 mo for the initial control group (initial BMI of 37 ± 

5.27 kg/m") was 9% (8.54 kg) and for the initial treatment group (initial BMI of36.36 ± 6.37 

kg/m") was 10% (15.72 kg). Throughout the study changes in plasma lipids and lipoproteins 

paralleled these weight loss changes. HDL-cholesterol levels increased in the treatment 

group over 6 and 9 mo. In the initial control group HDL-cholesterol concentrations 

decreased over 6 mo. but increased over 9 mo. During the first 3 mo. before the control 

subjects began the weight loss intervention, the HDL-cholesterol decrease was negatively 

correlated to WHR, WTR and subscapular skinfold, as well as to serum insulin 

concentration. At 6 mo a negative correlation was found between HDL-cholesterol and BMI 
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and weight. In the treatment group at 3 mo HDL-cholesterol levels were negatively 

correlated with BMI. weight, and triceps and suprailiac skinfolds. At 6 mo a negative 

correlation was found between HDL-cholesterol and weight, and subscapular, triceps and 

suprailiac skinfolds. LDL-cholesterol levels decreased for both initial control and treatment 

groups. For the initial control group at baseline there was a negative correlation between 

LDL-cholesterol and WHR. At baseline the treatment group showed a positive correlation 

between LDL-cholesterol and WHR and suprailiac skinfolds. At 6 mo a positive correlation 

was found between subscapular, triceps and abdominal skinfolds and leptin. These data 

indicate that centrally distributed fat tissue has a positive correlation with the atherogenic 

LDL particle, and consequently is a risk factor for CVD. It is known that leptin is positively 

correlated to the amount of adipose tissue (7, 38, 39), thus losing weight causes a decrease 

in serum leptin concentration. 

Total cholesterol levels in the initial control group were not correlated with any of 

the anthropometric variables or with serum leptin or insulin. In the treatment group total 

cholesterol levels were correlated with suprailiac skinfold only over 3 mo. With weight loss 

TG levels did not correlate with any of the anthropometric variables, or serum leptin or 

insulin. After 9 mo total cholesterol/HDL-cholesterol ratio was positively correlated with 

BMI. subscapular skinfold and serum leptin levels in the treatment group. Serum insulin 

concentration did not decrease with weight loss over 9 mo compared to baseline values in 

either group. For the control group serum insulin changes were not significant at -2, 8 and 

-10% for 3. 6 and 9 mo. respectively. For the treatment group insulin changes were -26 % 

{P < 0.05), 5% (P > 0.05) and -34% (P < 0.05) for 3,6 and 9 mo, respectively. Leptin levels 
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in the control group decreased from baseline by 4% (P > 0.05) over 3 mo and by 30 and 28% 

(/* < 0.01) over 6 and 9 mo, respectively. For the treatment group ieptin levels decreased by 

28.44 and 20% {P < 0.01) over 3. 6 and 9 mo. respectively. However leptin concentrations 

increased for both groups at 9 mo compared to the levels at 6 mo. The decrease in leptin 

correlated with weight loss. 

Third Manuscript (Chapter 5) 

A fan beam dual-energy X-ray absorptiometer (QDR-4500A; Hologic Inc., Waitham. 

MA) was used to estimate measurement precision changes in the body composition of 

postmenopausal women, and calculations of body composition by two versions of software 

(the original version 8.1a and the updated version 8.21) were compared. Body composition 

measurements obtained from duplicate scans (n = 10) using software version 8.1a (Table 5.1) 

were identical, except for lean mass (-1.47%). Recalculation of the same data using software 

version 8.21 (Table 5.2) yielded differences between the duplicates for fat mass (1.1%), lean 

mass (-1.39%) and leg lean mass (-1.64%). Comparison of measurements between software 

versions revealed that significantly higher mean values were obtained from version 8.21 for 

all variables, except for arm fat and lean masses (Table 5.3). Mean body composition 

changes over 3 mo for the control group (« = 21) were calculated using both versions of the 

software. .As expected, there were no significant differences in any variable estimated by 

either software version, except a 1.90% trunk fat loss obtained using software version8.1a 

(Table 5.4). In the case of the treatment group (n = 24), both software versions detected 

significant changes between baseline and 3 mo (Table 5.5). Software version 8.1a did not 
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yield a significant change in trunk lean mass (1.3%), but software version 8.21 did (2.4%). 

In general, both software versions are capable of detecting body composition changes over 

a 3 mo-period. However, the newer body composition analysis software, version 8.21, 

produces slightly greater changes. No significant bone mineral content (BMC) changes were 

detected with either software version. A comparison of total weight estimated by DXA and 

scale weight at two timepoints (baseline and 3 mo) using both software versions was made. 

There were significant differences in DXA-measured total weight and scale weight for both 

software versions. The percentage mean difference was greater for version 8.1a (6.7% higher 

at baseline) compared to version 8.21 (2.45% lighter). A smaller variability between scale 

and DXA-measured weights was also found with version 8.21 software (Table 5.6). The 

fact that the right arms of four large subjects extended outside the detection area of the DXA 

scarmer probably contributed to a greater difference in scale and DXA weights for both 

software versions. 

Conclusions 

In the first manuscript, it was concluded that composition of weight lost by obese 

postmenopausal women on a 1200 kcal diet and receiving phentermine hydrochloride therapy 

has a higher fat than lean tissue content. Most of the fat loss occurs from the trunk and legs 

rather than the arms, and the same is true of the lean tissue loss. Precise measurements of 

regional and total body composition by DXA fan beam technology can be obtained in obese 

postmenopausal women. 
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in the second manuscript, it was concluded that weight loss improves the plasma lipid 

profile of postmenopausal women, thus lowering CVD risk. Serum leptin concentration is 

negatively correlated to body weight reduction, and in tum weight reduction is positively 

correlated to the lowering of plasma LDL-cholesterol concentration. Some skinfold 

measurements improve (decrease) as body weight decreases, in particular, the measurements 

taken at the abdominal and suprailiac sites. WHR also decreases with reduced body weight. 

These results indicate that to a certain degree abdominal adiposity is reduced and thus exerts 

a positive effect on plasma lipid profile. 

In the third manuscript, it was concluded that body composition analysis software 

version 8.21 for the QDR-4500A DXA instrument estimates higher fat and leein masses than 

software version 8.1a. Total weight estimated using software version 8.21 is closer to scale 

weight with considerably less variability than version 8.1a. Reproducibility of all variables 

between software versions is comparable. The magnitude of body composition changes 

during 3 mo of weight loss by obese postmenopausal women is estimated similarly by both 

versions of the software. 
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EFFECT OF A WEIGHT REDUCTION PROGRAM ON 

TOTAL AND REGIONAL BODY COMPOSITION 

IN OBESE POSTMENOPAUSAL WOMEN 

Z. R. Cordero-Maclntyre, W. Peters, C. R. Libanati, R. C. Espana. W. H. Howell 

and T. G. Lohman 

Abstract 

This study was designed to assess the impact of a weight reduction program on 49 

Caucasian postmenopausal women using Fastin® (phentermine hydrochloride) combined 

with a 1200 kcal diet. Effects on weight loss and indices of total and regional body 

composition were assessed over 3 mo. Baseline anthropometric measurements were similar 

for subjects randomly assigned to control and treatment groups, except waist to hip 

circumference ratio {P < 0.05). Total and regional body composition was measured by dual-

energy X-ray absorptiometry (DXA; Hologic QDR-4500A, software version 8.21). Body 

composition of the control subjects did not change between baseline and 3 mo. Treated 

subjects experienced a 6.8 kg weight loss with fat and lean mass losses of 12% {P < 0.01) 

and 3% {P < 0.05), respectively, estimated by DXA. After 3 mo control and treated subjects 

differed {P < 0.01 and P < 0.05) in total weight, total, arm, leg and trunk fat mass, total and 

leg lean mass, and percentage total, leg and trunk fat. Abdominal and thigh fat estimated by 

skinfold measurements were lower {P < 0.01) for the treatment group after 3 mo. Treated 
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subjects lost 1.7kg(12%) abdominal fat and 1.45 kg (12%) thigh fat. Subscapular, triceps 

and suprailiac skinfolds were also lower (F < 0.05 and P < 0.01) in the treatment group 

compared to the control group after 3 mo. These results indicate that the women lost fat to 

a greater extent than lean tissue with both fat and lean losses coming primarily from the trunk 

and legs. DXA fan beam methodology appears to be a precise method for measuring 

regional and total body composition changes in obese postmenopausal women. 

Introduction 

There is evidence that upper body fat localization (android obesity) is an important 

factor for risk of metabolic disorders and certain cancers. Android obesity has been related 

to prognosis in patients with breast cancer and with the risk of endometrial cancer (1). The 

results of the Framingham study showed that increased central to peripheral body fat 

distribution predicts breast cancer risk independently of the degree of adiposity and may be 

a more specific marker of a pre-malignant hormonal pattem than the degree of adiposity (82). 

Alterations of body fat distribution have been associated with changes in lipids and 

lipoproteins and with increased coronary heart disease (21), and increased cardiovascular 

disease (CVD) risk has been linked to the onset of non-insulin dependent diabetes mellitus 

(NIDDM) (22). The roles of obesity, central adiposity and hyperinsulinemia have been 

examined in a effort to account for the adverse CVD risk pattem found among diabetics. 

Some complications of obesity improve with weight reduction. Computerized 

tomography (CT) analysis of fat distribution in premenopausal women following weight 

reduction demonstrated that decreased visceral/subcutaneous (V/S) ratio and visceral fat 
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volume were more strongly correlated with improved plasma glucose and lipid metabolism 

than decreased body weight. BMI. or total or abdominal subcutaneous fat volumes (29). 

Fat mass was significantly overestimated and fat free mass (FFM) underestimated by 

DXA (Norland XR-26) in obese premenopauscil women, both before and after weight 

reduction. The overestimation of fat mass was greater with increasing famess (70). 

Accurate measurement of body fat distribution is essential to the assessment of the 

proportions of subcutaneous and visceral fat. To this end. DXA has been used in 

combination with CT to predict intra-abdominal fat (13). Alternatively, a combination of 

abdominal fat measured by DXA. waist to hip circumference ratio (WHR). and the simi of 

trunk skinfold thicknesses can predict intra-abdominal fat (68). 

This study was designed to assess the impact of a weight reduction program on total 

body weight loss, indices of total and regional body composition including WHR, and 

abdominal fat. 

Methods 

Postmenopauszd Caucasian women ranging in age from 40 to 70 y were recruited to 

participate in a medically supervised weight reduction program using a 1200 kcal diet, 

phentermine hydrochloride (Fastin®; SmithKline Beecham Pharmaceuticals, Philadelphia. 

PA) therapy, and monthly group sessions to encourage eating behavior modification. A 

minimum BMI of 30 kg/m" was required for participation in the study. Approximately half 

of the women were randomly assigned to a control group. Implementation of the weight loss 

interventions was delayed until after the end of 3 mo. All subjects were given a physical 
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examination at the stan of the study, and received monthly check-ups. Details of recruitment 

and study design are discussed in Chapter 2. 

Subjects assigned to the treatment group were prescribed 15 mg Fastin®/day (QD) 

which was increased to 15 mg twice per day (BID) if depressed appetite and weight loss were 

not present at the lower dose. These subjects also consumed a 1200 kcal diet and attended 

monthly group sessions. 

All subjects who remained in the study attended all medical. DXA and 

anthropometry, and blood draw appointments. Four subjects dropped out of the study at the 

end of 3 mo. One subject was unable to keep scheduled appointments; one subject's family 

objected to her participation; one subject's physician objected her participation; and one 

subject had a respiratory infection. 

Anthropometric measurements (weight, height, skinfolds and circumferences) were 

made as described in Chapter 2 (53). Calculation of WHR and WTR is shown in Chapter 

3. In all cases the mean of two measurements was used for statistical analysis. 

A dual-energy X-ray absorptiometer (QDR-4500A; Hologic Inc.. Waltham, MA) was 

used for total and regional body composition measurements. Overall reproducibility of the 

body composition estimates between body composition analysis software versions available 

for this instrument (version 8. la and 8.21) had C Vs of 1.84% for fat mass and 1.87% for lean 

mass with no difference (P > 0.05) between versions for bone mineral content (BMC) 

(Chapter 5). Because the two versions of the software yielded comparable estimates of the 

magnitude of body composition changes during weight loss in postmenopausal obese 

women, only those derived using version 8.21 will be presented in this chapter. The DXA 
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scans were performed by the same two trained technicians throughout the study using the 

protocol described in Chapter 2. Tissue points and soft tissue portions of the body were 

compared to a Step Phantom calibration to determine fat and lean composition. The results 

were reported as fat mass, lean mass combined with BMC. lean mass (not including BMC), 

and percentage fat (%BF) with %BF being fat mass divided by the sum of fat mass plus lean 

mass plus BMC (18). 

SPSS for Windows release 8.0.0 software (SPSS Inc.. Chicago, IL) was used for 

statistical analyses. Differences between control and treatment groups were assessed by 

independent r-test. The impact of weight loss intervention on body composition was 

assessed using paired /-test and Pearson correlation analysis. Two-factor mixed design 

ANO V A was used to compzire the control and treatment groups over 3 mo. Percentage mean 

differences between baseline and 3-mo data were calculated as: 

Mean difference (%) = [Baseline estimate - 3 mo estimate / Baseline estimate] x 100 

The average of both arms and both legs were used for data designated "arm" and "leg", 

respectively. Analyses of baseline data included all 49 subjects who enrolled in the study; 

analyses for body composition change over 3 mo included data only for the 45 subjects who 

remained in the study after the first 3 mo. 

Results 

Descriptive characteristics of the study participants, including anthropometric data, 

and baseline values for %BF, percentages arm, leg and trunk fat. and percentage lean mass 
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measured by DXA are summarized in Table 3.1. The only variable that was different (P > 

0.05) between control and treatment subjects at baseline was WHR. 

Scale weights and body composition at baseline and 3 mo are summarized in Table 

3.2. There were no differences {P > 0.05) between the groups at baseline. Weight was 

significantly reduced (7 kg, /*< 0.01) at 3 mo in the treatment group. DXA-measured total 

weight (/* < 0.05), fat mass {P < 0.05), and trunk fat (P <0.01) were also lower for the 

subjects receiving weight loss treatment at 3 mo. All other DXA variables at 3 mo were not 

different between groups. DXA underestimated scale weight for both control and treatment 

subjects by approximately 2 to 2.5 kg (Table 3.2). 

Body composition variables for the control subjects (« = 21) at baseline and 3 mo are 

simimarized in Table 3.3. There were no differences {P > 0.05) between baseline and 3 mo 

values for any of the vciriables. All variables showed a high positive correlation (r > 0.93) 

between baseline and 3 mo. The CVs were between 1.71 and 4.7%, except for arm fat 

(10.5%), leg fat (5.4%), arm lean (7.1%) and leg lean (5.3%). 

Mean differences in body composition over 3 mo for the treatment group ( n  = 24) are 

summarized in Table 3.4. Percentage mean differences between baseline and 3 mo were 

significant for all variables {P < 0.01 and P < 0.05), except BMC. The percentage change 

in fat mass was 11.9% and 3.0% in lean mass. 

Comparison of control and treatment groups over 3 mo is sunmiarized in Table 3.5. 

As assessed by ANOVA (mixed design repeated measures), there were differences {P < 0.01 

and P < 0.05) between groups in all variables, except arm and trunk lean, BMC. arm, leg and 
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TABLE 3.1 
Descriptive characteristics of postmenopausal women measured by anthropometry and 
by dual-energy X-ray absorptiometry (DXA) 

Control (n = 25) Treatment (n = 24) t  

Age (y) 55.88 ±4.85' 56.08 ±6.68' -0.12 

Height (cm) 162.05 ±5.87 162.03 ±6.07 0.01 
Weight (kg) 98.71 ± 1.76 95.40 ± 17.00 0.69 

BMI (kg/m") 37.47 ± 5.27 36.36 ± 6.37 0.67 

Skinfold Thickness 

Subscapular (mm) 41.40 ±9.15 40.54 ± 8.96 0.33 

Triceps (nmi) 38.94 ± 7.86 39.21 ± 8.25 -0.12 

Suprailiac (mm) 39.69 ±8.56 41.02 ±5.96 -0.63 

Abdominal (mm) 61.34 ±7.60 57.49 ± 11.16 1.42 

Circimiferences 

Waist (cm) 106.13 ± 12.5 107.02 ± 13.4 -0.24 
Hips (cm) 128.34 ± 13.2 124.31 ± 13.7 1.07 

Circumference Ratio 

Waist to hip (WHR) 0.83 ± 0.05 0.86 ± 0.06 -2.31* 

Waist to thigh (WTR) 1.48 ±0.14 1.54 ±0.17 -1.69 
DXA measurements 

Fat-free mass (kg) 42.52 ± 5.46 41.61 ±5.68 0.57 

Total fat (%) 50.70 ± 4.96 50.40 ± 4.23 0.23 
Trunk fat (%) 50.62 ± 5.47 50.50 ± 4.53 0.08 

Arm fat (%) 57.45 ± 6.56 56.88 ± 7.71 0.28 

Leg fat (%) 52.35 ± 5.45 52.05 ± 5.52 0.20 

'  x S D  
*  P <  0.05 
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TABLE 3.2 
Body composition (kg) of control subjects measured by dual-energy X-ray absorptiometry (DXA) using 
Hologic QDR-4500A version 8.21 software' 

Control Treatment t  

BASELINE (« = 24) (/I = 25) 

Scale weight 99.50 ± 17.24' 95.30 ± 17.01' 0.69 
Total DXA weight 97.15 i 16.56 93.10 ± 16.27 0.67 

Fat mass 49.84 ± 12.33 47.10 ± 10.94 0.59 
Arm fat mass 3.57 ± 1.07 3.13 ± 1.23 0.52 
Leg fat mass 8.44 ± 2.28 8.22 ±2.18 0.44 
Trunk fat mass 24.84 ± 6.48 23.42 ± 5.40 0.62 

Lean mass 45.03 ± 6.22 43.82 ± 6.45 0.57 
Arm lean mass 2.27 ± 0.46 2.12 = 0.46 0.73 
Leg lean mass 7.21 ± 1.19 7.08 ± 1.38 0.35 
Trunk lean mass 22.87 X 2.99 22.22 ±3.06 0.74 

BMC- 2.29 ± 0.26 2.18 ±0.41 0.87 
Arm BMC 0.17 i 0.02 0.15 ±0.03 1.37 
Leg BMC 0.42 ± 0.05 0.40 ± 0.07 1.01 
Trunk BMC 0.59 ±0.11 0.54 ±0.12 1.38 

THREE MONTHS (/7 = 21) (« = 24) 

Scale weight 100.28 ± 17.50' 88.52 ± 17.52' 2.25» 
Total DXA weight 97.50 ± 16.87 86.17 ± 16.33 2.22* 

Fat mass 50.48 i: 12.92 41.51 ± 11.14 2.45 • 
Arm fat mass 3.52 ± 1.03 2.87 ± 1.19 1.82 
Leg fat mass 8.59 ± 2.48 7.32 ±2.17 1.80 
Trunk fat mass 25.29 ± 6.82 20.18 ±5.60 2 .15**  

Lean mass 44.74 ±6.01 42.49 ± 6.06 1.07 
Arm lean mass 2.25 ± 0.46 2.04 ± 0.47 1.48 
Leg lean mass 7.29 ± 1.24 6.78 ± 1.22 1.26 
Trunk lean mass 22.42 ± 2.66 21.69 ±2.92 0.54 

BMC- 2.27 ± 0.26 2.16 ±0.40 1.05 
Arm BMC 0.17 ±0.02 0.15 ±0.03 1.62 
Leg BMC 0.42 ± 0.06 0.40 ± 0.07 1.14 
Trunk BMC 0.59 ±0.11 0.53 ±0.12 1.68 

' x±SD 
" Bone mineral content 
* P< 0.05 
••/'<0.0I 



TABLE 3.3 

Body composition (kg) of control subjects measured by dual-energy X-ray absorptiometry (DXA) using Hologic QDR-4500A version 8.21 

software' 

Mean of Two 
Measurements' 

(kg) 

Mean Difference 
(kg) 

Mean Difference 
(%) 

/• 1 CV 

Scale weight 99.89 -0.78 ± 1.83' -0.78 0.995 -1.95 1.83 

DXA Total weight 97.32 -0.34 ± 1.97 -0.35 0.993 -0.80 2.02 

Fat mass 50.16 -0.64 ± 1.52 -1.29 0.994 -1.94 3.04 

Arm t'al 3.54 -0.05 ± 0.36 1.53 0.942 0.70 10.15 

Leg fat 8.51 -0.15 ±0.46 -1.74 0.985 -1.47 5.39 

Trunk fat 25.07 -0.45 ± 0.99 1 bo
 

o
 

0.990 -2.06 3.97 

Lean mass 44.88 0.29 ± 1.66 0.64 0.964 0.79 3.70 

Arm lean 2.26 0.02 ±0.16 0.95 0.938 0.62 7.12 

Leg lean 7.25 -0.08 ± 0.38 -1.11 0.951 -0.96 5.27 

Trunk lean 22.65 0.44 ± 1.07 1.94 0.934 1.90 4.74 

Bone mineral content (BMC) 2.28 0.01 ±0.04 0.58 0.988 1.56 1.71 

Arm BMC 0.17 0.00 ±0.01 1.80 0.955 2,03 4.09 

Leg BMC 0.42 0.00 ±0.01 0.58 0.984 I.OI 2.62 

Trunk BMC 0.59 0.00 ± 0.03 -0.77 0.968 -0.74 4.73 

'h = 21 

- Measurements at baseline and 3 mo 

' x±SD 

P < 0.05 

00 U) 



TABLE 3.4 

Body composition (ivg) of treated subjects measured by dual-energy X-ray absorptiometry (l)XA) using Hologic QDR-4500A version 8.21 

software' 

Mean of Two 
Measurements" 

(kg) 

Mean Difference 
(kg) 

Mean Difference 
(%) 

/• t  CV 

Scale weight 91.91 6.78 ± 3.09' 7.12 0.984 I0.74»» 3.37 

DXA Total weight 89.63 6.93 i 2.73 7.45 0.986 I2.45** 3.04 

Fat mass 44.31 5.59 ±2.26 11.87 0.979 I2.I3*» 5.10 

Ann fat 3.00 0.25 ± 0.24 8.09 0.981 5.26** 7.85 

Leg fat 7.77 0.90 ± 0.46 10.98 0,977 9.55*» 5.96 

Trunk fat 21.80 3.24 ± 1.24 13.83 0.975 I2.83*» 5.67 

Lean mass 43.16 1.33 ± 1.64 3.03 0.967 3.96»* 3.81 

Arm lean 2.08 0.08 ±0.16 3.82 0.940 2.45* 7.79 

Leg lean 6.93 0.29 ±0.37 4.13 0.968 3.92** 5.27 

Trunk lean 21.96 0.53 ± 0.99 2.40 0.947 2,64* 4.50 

Bone mineral content (BMC) 2.17 0.01 ±0.04 0.56 0.996 1.58 1.73 

Arm BMC 0.15 0.00 ±0.01 0.92 0.979 1.06 4.28 

Leg BMC 0.40 0.00 ±0.01 0.34 0.997 1.16 1.45 

Trunk BMC 0.54 0.01 ±0.03 1.25 0.977 1.30 4.75 

' M = 24 

- Measurements at baseline and 3 mo 
'  K ± S D  
•/' < 0.05 

••/'<0.01 

00 
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TABLE 3.5 
Interaction of the treatment group versus control group in a repeated measures design 
over 3 mo' 

F  Significance 

Scale weight (kg) 95.953 0.000** 

DXA Total weight (kg) 102.694 0.000** 

Fat mass (kg) 114.459 0.000** 

Arm fat mass (kg) 4.911 0.032* 

Leg fat mass (kg) 57.997 0.000** 

Trunk fat mass (kg) 119.087 0.000** 

Lean mass (kg) 4.458 0.041* 

Arm lean mass (kg) 1.508 0.266 

Leg lean mass (kg) 11.140 0.002** 

Trunk lean mass (kg) 0.082 0.755 

Bone mineral content (BMC) ( kg) 0.010 0.921 

Arm BMC (kg) 0.654 0.423 

Leg BMC (kg) 0.176 0.677 

Trunk BMC (kg) 1.999 0.165 

Fat (%) 43.269 0.000** 

Arm fat (%) 2.255 0.140 

Leg fat (%) 14.642 0.000** 

Trunk fat (%) 55.920 0.000** 

' n = 45 
* P< 0.05 
** P<0.01 
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trunk BMC. and percentage arm fat. Leg fat and trunk and leg lean were decreased in the 

treatment group. 

Mean differences in skinfolds (subscapular, triceps, suprailiac, abdominal) for control 

and treatment group at baseline and 3 mo are sununarized in Table 3.6. At baseline there 

were no differences {P > 0.05) in skinfolds between control and treatment. At 3 mo all 

skinfolds were lower (P < 0.01 and P < 0.05) for the subjects receiving weight loss treatment 

than for the control subjects (Table 3.6). 

Mean differences in skinfolds between groups over 3 mo are summarized in Table 

3.7. The skinfold measurements of the control subjects were unchanged {P > 0.05) over the 

3-mo period. However, all skinfold measurements, except for abdominal fat were reduced 

(P < 0.05 and P < 0.01) over the 3-mo period for the treatment group. Skinfold changes in 

all but the abdominal site over 3 mo were greater in the treated subjects than in the controls 

(Table 3.8). 

Abdominal and thigh fat data for both groups at both timepoints are summarized in 

Table 3.9. There were no differences (P > 0.05) in either abdominal or thigh fat between the 

control and treatment groups at baseline. Subjects who had received weight loss treatment 

for 3 mo had less (P < 0.05) abdominal fat than those who did not, but the amount of thigh 

fat was in the same {P > 0.05) in both groups. 

Mean differences in abdominal and thigh fat over 3 mo for all subjects are 

simunarized in Table 3.10. There was no change (? > 0.05) in the amount of fat in either 

region for control subjects. However, the treatment group lost significant {P < 0.01) amounts 

of abdominal and thigh fat. The correlation is high (r > 0.97) for both groups for abdominal 
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TABLE 3.6 
Mean differences in skinfolds for control and treatment groups at baseline and 3 mo 

df 
Mean 

Difference 
(mm) 

95% CI of the Mean 

Lower Upper 

BASELINE (« = 49) 

Subscapular 
Triceps 
Suprailiac 
Abdominal 

THREE MONTHS ( n  =  45) 

Subscapular 
Triceps 
Suprailiac 
Abdominal 

0.33 
-0.12 
-0.63 
1.42 

3.60** 
2.29** 
3.86** 
2.52* 

47 
47 
47 
47 

42 
42 
42 
42 

0.86 ± 2.59' 
-0.27 ± 2.30 
-1.33 ±2.11 
3.85 = 2.72 

9.26 = 2.57' 
6.91 ±2.10 
7.47 ± 1.93 
8.22 ±3.27 

-4.35 
-4.90 
-5.59 
-1.61 

4.07 
2.67 
3.57 
1.63 

6.07 
4.36 
2.92 
9.32 

14.44 
11.15 
11.37 
14.81 

' ±SEM 
* P< 0.05 
* * ^ < 0 . 0 1  
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TABLE 3.7 
Mean differences in skinfolds over 3 mo for control and treatment groups 

Mean 
Difference 

(mm) 

Mean 
Difference 

(%) 
r t CV 

CONTROL (« = 21) 

Subscapular -1.33 ±7.89' -3.12 0.576*» -0.77 4.55 
Triceps -0.37 ± 7.96 -1.07 0.529* -0.21 5.02 
Suprailiac 1.69 ±9.69 4.15 0.230 0.80 6.08 
Abdominal -1.50 ±8.40 -2.43 0.436* 0.82 3.40 

TREATMENT (n = 24) 

Subscapular 5.75 ±7.03' 14.18 0.68** 4.01** 4.67 
Triceps 6.31 ±7.78 16.10 0.45* 3.97** 5.39 
Suprailiac 9.48 ± 8.70 23.11 -0.08 5.34** 6.00 
Abdominal 3.19 ±9.77 5.54 0.696** 1.60 4.37 

' ±SD 
* P< 0.05 
** P<0.01 
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TABLE 3.8 
Comparison of skinfold measurements (mm) between control and treatment groups 
over 3 mo' 

F  Significance 

Subscapular 10.140 0.019* 

Triceps 8.089 0.007** 

Suprailiac 8.074 0.007** 

Abdominal 2.927 0.094 

' n = 45 
* P< 0.05 
* *  P < 0 . 0 \  
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TABLE 3.9 
Abdominal and thigh fat (kg) of control and treatment subjects measured at baseline 
and 3 mo by dual-energy X-ray absorptiometry (DXA) using Hologic QDR-4500A 
version 8.1a software 

CONTROL TREATMENT 
(n = 21) (« = 24) 

BASELINE 

Abdominal fat (kg) 12.67 ±3.65' 12.11 = 3.57 0.32 
Thigh fat (kg) 12.67 ±2.86 12.27 ±3.40 0.52 

THREE MONTHS 

Abdominal fat (kg) 12.87 ±3.78 10.40 = 3.37 2.32* 
Thigh fat (kg) 12.64 ±2.98 10.81 =3.36 1.92 

' ±SD 
* P< 0.05 



TABLE 3.10 
Abdominal and thigh fat (kg) of treated subjects measured by dual-energy X-ray absorptiometry (DXA) using Hoiogic QDR-4500A version 8.21 

software' 

Mean of Two 
Measurements' 

(kg) 

Mean Difference 
(kg) 

Mean Difference 
(%) 

CV 

CONTROL 

Abdominal fat 

Thigh fat 

TRI-ATMHNT 

Abdominal fat 

Thigh fat 

12.77 
12.66 

11.25 

11.54 

-0.20 ± 0.66' 

0.03 ±0.57 

1.71 ±0.74 
1.45 ±0.59 

-1.58 
0.20 

14.14 
11.85 

0.985 
0.982 

0.979 

0.985 

-1.38 

0.21 

11.35»* 

11.99»* 

5.20 

4.54 

6.57 

5.14 

' H = 24 

- Measurements at baseline and 3 mo 
'  x ± S D  
* *  P < 0 . 0 \  
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and thigh fat. The between group comparison for abdominal and thigh fat changes over 3 

mo are summarized in Table 3.11. ANOVA (mixed design repeated measures) revealed that 

the treatment group lost significantly {P < 0.01) more abdominal and thigh fat than the 

control group. 

Changes in fat and lean mass over 3 mo are illustrated in Figures 3.1 and 3.2, 

respectively. The treatment group lost 5.6 kg of fat, while the control group gained 0.6 kg. 

The treated subjects also lost 1.3 kg of lean mass, but the untreated control subjects lost only 

0.3 kg of lean tissue. 

Discussion 

This study was conducted with free living subjects over a period of 3 mo. The 

difference between scale and DXA-measured weights was between 2 and 3 kg for both 

control and treatment groups at baseline and after 3 mo (Table 3.2). Podenphant et al (72) 

found a smaller differences (1.4 kg) between scale and DXA-measured weights at baseline 

and at 3 mo (1.4 and 0.5 kg, respectively) using a Norland XR-26 MKII instrument and 

software version 2.4. Subjects in the present study had a mean BMI of 37 kg/m" compared 

to Podenphant's subjects who were 10% overweight. 

As expected, there were no differences between DXA measurements made at baseline 

and 3 mo for the control group. In the treatment group fat and lean masses decreased 12 and 

4%, respectively. Fogelholm et al (70) reported a 25 % loss of fat mass and a 1% loss of lean 

mass in a 3-mo weight reduction trial with obese premenopausal women. Podenphant et al 

(72) found a loss in fat mass of 2.4 kg and in lean mass of 1.6 kg after a 3-mo weight loss 



93 

TABLE 3.11 
Comparison of abdominal and thigh fat (kg) between control and treatment groups 
measured by dual-energy X-ray absorptiometry (DXA) using Hologic QDR-4500A 
version 8.21 software' 

F  Significance 

Abdominal fat 82.447 0.000** 

Thigh fat 66.682 0.000** 

' /7 = 45 
P<0.01 



[Treatment •Control 

TOTAL Fat Arm Fat Trunk Fat Leg Fat 

kg 

-2.0 

-5.0 

-6.0 

Exposure and Tissue Group 

FIGURE 3.1. Changes in fat mass over 3 mo in treated and control subjects estimated by Hologic software version 8.21. 

o 
4!̂  



I Treatment •Control 

TOTAL Lean Arm Lean Trunk Lean Leg Lean 

Exposure and Tissue Group 

FIGURE 3.2. Changes in lean mass over 3 mo in treated and control subjects estimated by Hologic software version 8. 
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intervention. Subjects undergoing weight loss treatment in the present study lost 5.6 kg of 

fat mass and 1.3 kg of lean mass over a 3- mo period. Total weight loss for our subjects lost 

7 kg compared to 4.5 kg for Podenphant's subjects and 13 kg for Fogelhohn's subjects. 

Fogelholm reported CVs of 2.7% for both fat and lean mass and 2.2% for BMC. Our CVs 

were 5.1% for fat mass, 3.81% for lean mass, and 1.73% for BMC. 

A s  expected there were significant differences in body composition between the 

control and treatment groups over 3 mo (Table 3.5). These differences were seen in scale 

w e i g h t  ( P  <  0 . 0  i ) ,  t o t a l  w e i g h t  m e a s u r e d  b y  D X A  { P  <  0 . 0 1 ) ,  a n d  i n  a l l  t h e  f a t  v a r i a b l e s  ( P  

< 0.01), reflecting an impact of the weight loss treatment on regional fat. Among the lean 

tissue variables, lean mass (P < 0.05), and leg lean tissue (P < 0.01) were decreased 

significantly after 3 mo of treatment. Percentage fat in both leg and trunk were decreased (P 

< 0.01) after 3 mo of weight loss. A similar impact on regional fat loss assessed by DXA 

(Hologic QDR-1000, software version 5.47) was reported by Pritchard etal (73); the greatest 

impact being on trunk fat and limb fat in their 12-mo weight loss study. 

The skinfold measurements over 3 mo differed significantly for control and treatment 

groups (Table 3.7). Subscapular, triceps and suprailiac skinfolds decreased (P < 0.01), but 

not the abdominal skinfold. This suggests that the subjects lost subcutaneous (subscalpular, 

triceps) and centrally-distributed (suprailiac) fat. 

Abdominal and thigh fat were the regions significantly (P < 0.01) affected by weight 

loss over the 3- mo period (Table 3.10). The treatment group experienced a loss 1.71 kg or 

14.1% oftheir abdominal fat mass and 1.45 kg or 12.0% oftheir thigh fat mass (Table 3.10); 

while the control group gained 0.44 kg of abdominal fat (Table 4-10). Over 3 mo the CVs 
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for abdominal and thigh fat were 6.6 and 5.1%, respectively (Table 3.10). The significance 

of the abdominal and thigh fat losses after 3 mo of intervention (Table 3.11) was confirmed 

by ANOVA (repeated measures; P < 0.01). 

In summary, as a result of weight loss, postmenopausal women consuming a 1200 

kcal diet in combination with Fastin® therapy lost fat to a greater extent than lean tissue and 

the majority of the fat loss was in the trunk and legs rather than in the arms. Lean tissue loss 

also occurred from the trunk and legs. Fan beam DXA technology provides a precise means 

by which changes in regional and total body composition may be measured in obese 

postmenopausal women. 
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EFFECTS OF A WEIGHT REDUCTION PROGRAxM ON 

LIPIDS, LEPTIN AND INSULIN LEVELS 

IN OBESE POSTMENOPAUSAL WOMEN 

Z. R. Cordero-Maclntyre, T. G. Lohman, W. Peters, R. C. Espana, W. H. Howell 

and M. L. Fernandez 

Abstract 

This study was designed to assess the impact of a 9-mo weight reduction program on 

49 Caucasian postmenopausal women (BMI of 30-38 kg/m' ) using Phentermine 

hydrochloride (Fastin®) with a 1200 kcal diet. Plasma total-, HDL- and LDL-cholesterol, 

triglycerides, cholesterol/HDL-cholesterol ratio, and serum insulin and leptin concentrations 

were measured levels at 3-mo intervals. In a partial cross-over design, half of the women 

(controls) did not begin the weight reduction program for the first 3 mo of the study, while 

the other half of the women (treatment) received Fastin® and consumed 1200 kcal diet. This 

treatment reduced {P < 0.01) weight by 7, 11 and 10% with correlated (/* < 0.05, P < 0.01) 

reductions in plasma LDL-cholesterol of 10, 12 and 25% at 3, 6 and 9 mo, respectively. 

Weight loss treatment lowered {P <0.01) plasma triglyceride concentrations by 15, 21 and 

12% over 3, 6 and 9 mo, respectively, while HDL-cholesterol concentrations increased (P 

<0.01) 15% over 9 mo. These changes in plasma lipids resulted in a total cholesterol/HDL-

cholesterol reduction from 4.44 to 3.16 mg/dL. Following cross-over, control subjects 
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experienced similar reductions in weight and LDL-choIesterol (P<0.01) and TG (/'<0.01) 

concentrations and increases in plasma HDL-cholesterol over 3 and 6 mo of treatment. 

Serum insulin concentration was comparable to baseline levels at 6 mo and did not decrease 

with body weight loss over 9 mo for either group of subjects. In all subjects senim leptin 

concentration decreased over 6 mo, but increased at 9 mo. Serum leptin concentration 

correlated with weight loss. These results demonstrate that weight loss improved the plasma 

lipid profile in postmenopausal women. 

Introduction 

Visceral fat obesity (VFO) with predominant intra-abdominal fat accumulation has 

been shown to be more often associated with metabolic disorders than subcutaneous fat 

obesity (SFO). Vague (50) called these sub-categories of obesity android and gynoid, 

respectively, signifying that they are typically male or female; but that both types may occur 

in both sexes. Vague's classification was the first to associate android obesity with a number 

of disease conditions such as diabetes mellitus, gout and atherosclerosis. 

Alterations of body fat distribution have been associated with changes in lipids and 

lipoproteins and with increased coronary heart disease (21). Evidence suggests that 

cardiovascular disease (CVD) risk increases prior to the onset of NIDDM (22). The roles of 

obesity and central distribution of body fat, as well as hyperinsulinemia, have been examined 

in an effort to account for the adverse CVD risk pattern found among diabetic individuals. 

Hyperinsulinemia, obesity and central body fat distribution accounted for some, but usually 
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not for all factors associated with a less favorable CVD risk pattern in subjects with impaired 

glucose tolerance (22). 

Insulin resistance appears to be a syndrome associated with a clustering of metabolic 

disorders, including CVD, because it is associated with an atherogenic lipid profile (6). 

Dyslipidemia (high total cholesterol and triglyceride (TG) and low HDL-cholesterol 

concentrations) was strongly associated with hyperinsulinemia and blood pressure has been 

demonstrated in a mixed population of Mexican-Americans and non-Hispanic whites in San 

Antonio (24). 

Further evidence suggests plasma lipoprotein concentrations are not significantly 

correlated with total fat mass (4). Data obtained by computerized axial tomography (CAT) 

showed that the absolute amount of deep abdominal fat was negatively correlated with HDL-

cholesterol levels, as well as with HDL-cholesterol/LDL-cholesterol, HDL apo A/LDL apo 

B, and HDL2-cholesteroI/HDL3 ratios (4). 

Other studies have shown that visceral to subcutaneous (V/S) fat ratio is significantly 

correlated with the level of plasma glucose area under the curve after glucose loading, and 

with total cholesterol levels (29). These studies suggest that intra-abdominal fat may play 

a more pathogenic role or better reflect an underlying metabolic disorder than subcutaneous 

fat in the development of diabetes mellitus or hyperlipidemia. 

The preponderance of p-adrenergic receptors with relatively little a-adrenergic 

inhibition provides has a sensitive system for mobilization of free fatty acids (FFA) from 

intra-abdominal adipose tissue (30). It has been postulated that exposure of the liver to 

elevated concentrations of portal FFA might be the key to several important consequences. 
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It is known that this is followed by an increased secretion of VLDL by the liver, and 

increased synthesis would lead to an increased concentration of circulating VLDL, LDL and 

apoB-100(30). 

Portal FFA from the highly lipolytic portal tissues might inhibit hepatic insulin 

uptake and produce peripheral hyperinsulinemia, perhaps via the accumulation of 

triglycerides (31). Increased hepatic TG content and elevated secretion from the liver carried 

in the VLDL fraction might explain the elevated plasma concentration of this lipoprotein in 

android obesity (31). 

Some complications of obesity improve with weight loss (5). Weight reduction in 

premenopausal women lowered visceral fat to a greater extent than abdominal subcutaneous 

fat which was particularly evident in VFO patients. Decrezises in V/S ratio eind visceral fat 

volume were more strongly correlated with improvement in plasma glucose and lipid 

metabolism than with reductions in body weight. BMl, total fat volume or abdominal 

subcutaneous fat volume (5). 

Alterations in the structure or the sub-population distribution of plasma lipoproteins 

have been shown to contribute to early development of coronary heart disease (34). LDL 

sub-fractions in middle-aged non-obese males with abdominal body fat distribution, had a 

lower molecular weight, higher hydrated density, and a smaller particle diameter than the 

LDL of subjects with gluteo-femoral adiposity (34). 

The purpose of this study was to assess the effects of weight loss on plasma total-, 

HDL- and LDL-cholesterol, TG, cholesterol/HDL-cholesterol ratio, and serum leptin and 

insulin concentration. 
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Methods 

Subjects 

Postmenopausal Caucasian women (« = 49) were recruited to participate in a 9-mo 

long prospective clinical trial to examine the effects of weight loss on total and regional body 

composition, plasma lipid profile and serum leptin and insulin concentrations. A BMI of at 

least 30 kg/m- or a BMI of 27 kg/m' plus a CVD risk factor was required for participation. 

Details of subject recruitment and inclusion and exclusion criteria are discussed elsewhere 

in this dissertation (Chapter 2). 

Prior to initiation of the study, all subjects were given a physical examination and 

signed zm informed consent to participate. Protocols used in this study were approved by the 

Institutional Review Board (IRB) of Loma Linda University (Appendix A) and a copy of the 

Loma Linda University IRB approval was filed with The University of Arizona Hirnian 

Subjects Committee. 

Treatment 

The weight loss intervention used in this study consisted of treatment with 

phentermine hydrochloride (Fastin®; SmithKline Beecham Pharmaceuticals, Philadelphia, 

PA) for 6 mo, consumption of a dietitian-prescribed 1200 kcal and attendance at monthly 

group skill building sessions. The study used a partial cross-over design in which half of the 

subjects (designated the treatment group) were randomly assigned to begin the weight loss 

intervention immediately, while the other half (designated the control group) delayed 

initiation of any weight loss intervention for 3 mo. Both groups received Fastin® therapy 
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for 6 mo. At the end of the first 6 mo, the treatment group discontinued Fastin® therapy, but 

continued with the 1200 kcal diet and group sessions. After the initial screening by the 

physician, all subjects had monthly check-ups by the physician or nurse educator. Fastin® 

was self-administered at 15 mg/d (QD). If the subject reported lack of appetite depression 

or no weight loss was observed at any of the monthly check-ups, the Fastin® dose was 

increased to 30 mg/d (BID; 15 mg at 8:00 a.m. and at 5:00 p.m.). The monthly skill building 

sessions included techniques for changing habits, managing stress, exercise, healthy 

nutrition, and managing emotions without food. 

Plasma Lipids, Serum Insulin and Serum Leptin 

Two blood samples were obtained (Chapter 2) to determine lipid (total cholesterol, 

HDL- and LDL-cholesterol and TG) concentrations in plasma, and insulin and leptin in 

serum at baseline. 3,6 and 9 mo for all subjects. Lipid analyses were done in the laboratory 

of Maria Luz Fernandez. Ph.D. at the University of Connecticut where standardization and 

quality control for plasma cholesterol and TG assays have been maintained by participation 

in the Centers for Disease Control-National Lung and Blood Institute (CDC-NLBI) Lipid 

standardization program since 1989. An enzymatic method (77) was used to determine 

plasma total cholesterol against cholesterol standards (Boehringer Mannheim Corporation, 

Indi£uiapolis. IN). Plasma HDL-cholesterol was measured in the supernatant after 

precipitation of apo B-containing lipoproteins (78,79), and LDL-cholesterol was calculated 

as described by Friedewald et al (80). Plasma TG were determined adjusting for free 

glycerol according to the method of Carr et al (81). 
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Serum insulin was measured by radioimmunoassay (Quest Diagnostics, Teterboro, 

NJ; Nichols Institute Diagnostics, San Juan Capistrano, CA) using guinea pig antibodies to 

the porcine '-^I-insulin (Linco Research Inc., St. Louis, MO) radioactive tracer. The serum 

samples and a human insulin standard were incubated with antibody and tracer for 4 h at 

room temperature. Antibody-bound insulin was then precipitated by a second antibody (goat 

anti-guinea pig gamma globulin), 10% guinea pig serum and polyethylene glycol. The 

precipitated complex was then counted in a gamma counter. Serum leptin analyses were 

carried out by the Obesity Research Center. Columbia University, New York. NY using 

radioimmunoassay (Cat.3 HL-81K, Linco Research, Inc., St. Louis, MO). 

Body Composition 

Body composition assessments were made at baseline, 3 and 6 mo and at 9 mo. Total 

and regional body composition was measured by dual-energy X-ray absorptiometry (DXA) 

using the Hologic QDR-4500A instrument and body composition analysis software version 

8.21 (Hologic. Inc., Waltham, MA). Scans were obtained as described in Chapter 2. 

Anthropometric measurements (height, weight, skinfold thickness at subscapular, triceps, 

suprailiac and abdominal sites, and ratios of waist to hip (WHR) and waist to thigh (WTR) 

circumferences) were made using the standard protocols described by Lohman (53) and 

discussed in greater detail in Chapter 2. 

Statistical Analyses 

Statisticzd analyses were performed using SPSS for Windows (release 8.0.0; SPSS 

Inc.. Chicago IL) software. Differences between control and treated subjects were identified 
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by independent /-test. Paired Mests and Pearson correlation analyses was used to assess the 

impact of weight loss treatment on body composition and to correlate lipid changes with 

anthropometric measures and serum leptin and insulin concentrations. Comparisons between 

control and treatment groups over 3 months were analyzed by ANOVA (mixed design 

repeated measures). Percentage mean difference variables were calculated as follows: 

Mean difference (%) = (Baseline value - value at 3, 6 or 9 mo / baseline) x 100 

Results 

The descriptive characteristics of the subjects at baseline are summarized in Table 

3.1. The only difference (P < 0.05) between control and treatment groups assessed by 

independent r-test at baseline was in WHR (0.83 ± 0.05 and 0.86 ± 0.06, respectively). 

Percentage mean differences in body weight change over 3, 6 and 9 mo are 

summarized in Table 4.1 and Figure 4.1. The mean difference in body weight over 3 mo for 

control subjects was not significant; however, these subjects lost (/* < 0.01) 6 and 9% of 

body weight over 6 and 9 mo, respectively during Fastin® treatment. Women in the 

treatment group had 7,11 and 16% reductions (P < 0.01) in body weight over 3,6 and 9 mo, 

respectively. 

Mean differences in body weight between control and treatment group at baseline and 

3 mo are summarized in Table 4.2. At baseline there were no differences between groups. 

At 3 mo, there was a significant (/* < 0.05) difference in weight loss between groups. 

Subjects in the treatment group lost 17% (6.88 kg) of body weight. 



TABLE 4.1 
Scale weights (kg) measured over 3-, 6- and 9-mo periods 

n  

Mean of Two 
Measurements 

(kg) 

Mean DilTcrencc 
(kg) 

Mean DKTcrencc 
(%) 

r  t  CV 

CONTROL 

Baseline vs 3 mo 21 99.94 -0,68 ± 1.86' -0.68 0.994 -1,67 1.86 

Baseline vs 6 mo 20 95.60 5.83 ±4,78 5,92 0.961 5.46** 5.00 

Baseline vs 9 mo 18 94.18 9,10±4.89 9.22 0.963 7.89** 5.20 

3 mo vs 6 mo 20 95.94 6.52 ±4.69 6.57 0.966 6.22»» 4.89 

3 mo vs 9 mo 18 94.47 9.69 ±4.89 9.75 0.967 8,40»* 5.18 

6 mo vs 9 mo 18 90.79 2.32 ±2.05 2,52 0.992 4,79»* 2.26 

TREATMENT 

Baseline vs 3 mo 24 91.96 6,88 ±3,06 7,21 0.985 11.02** 3.32 

Baseline vs 6 mo 23 89.73 9.94 ± 4.79 10.50 0.962 9.96** 5.34 

Baseline vs 9 mo 20 86.40 9.44 ± 5.42 10.36 0.932 7.80** 6 .21  

3 mo vs 6 mo 23 86.36 3 . 1 9 ± 2 . 8 1  3.63 0.987 5A4**  3.26 

3 mo vs 9 mo 20 82.98 2.60 ± 4.25 3.09 0.959 2J4**  5.12 

6 mo vs 9 mo 20 81.42 -0.53 ± 2.60 -0.65 0.985 -0.90 3.20 

'  x ± S D  

*P<O.OS  (2-tailed) 

**P<Q.Q\ (2-tailed) 
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FIGURE 4.1. Scale weights (kg) of control and treatment groups over 9 mo of study 
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TABLE 4.2 
Scale weights (kg) of control and treatment subjects measured at baseline and 3 mo' 

CONTROL TREATMENT t 

Baseline (kg) 98.71 ± 16.76- 95.40 ± 17.00 0.69 

3 mo (kg) 100.28 ± 17.50 88.52 ± 17.52 2.25* 

' For control at baseline, n = 25 and at 3 mo, /z = 21; for treatment« = 24 at both 
times 

-  ± S D  
*  P  <  0.05 (2-tailed) 
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Control subjects crossed-over to the Fastin® plus 1200 kcal diet treatment after 3 mo. 

Therefore, at 6 mo, comparisons between control and treatment groups were made using the 

3-mo data for the control group and baseline data of the treatment group; this is termed 

"baseline". Likewise, comparisons between the 6-mo data of the control group and 3-mo 

data of the treatment group were termed "3 mo", and between the 9-mo data of the control 

group and the 6-mo data of the treatment group were termed "6 mo". Mean differences in 

body weight following the cross-over are summarized in Table 4.3 and Figure 4.2. No 

differences {P > 0.05) in weight between the control and treatment group were observed at 

"baseline", "3 mo" or "6 mo". 

Percentage mean difference in plasma lipids and lipoproteins for the control group 

over 3, 6 and 9 mo are summarized in Table 4.4 and Figures 4.3 to 4.7. Plasma HDL-

cholesterol concentration increased {P < 0.01) by 20% over 9 mo. LDL-cholesterol 

concentration (Table 4.4 and Figure 4.4) did not change over 3 mo. but decreased (P < 0.01) 

by 14 and 25% over 6 and 9 mo, respectively. As expected, because no weight loss was 

observed over the first 3 mo. plasma total cholesterol (Table 4.4 and Figure 4.5) was not 

different (P > 0.05) between baseline and 3 mo. However, plasma total cholesterol 

concentrations decreased (P < 0.01) by 12 and 17% over 6 and 9 mo, respectively. Plasma 

triglyceride (TG) concentration (Table 4.4 and Figure 4.6) was unchanged over 3 months, 

but was lowered (P < 0.01) by 19 and 20% over 6 and 9 mo, respectively due to the weight 

loss treatment. The mean difference in plasma total cholesterol/HDL-cholesterol decreased 

(P < 0.01) by 12. 13 and 32 % over 3, 6 and 9 mo, respectively. 
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TABLE 4.3 
Scale weights (kg) of control and treatment subjects measured over 3 mo intervals 
following cross-over of control subjects to weight control intervention' 

CONTROL TREATMENT t 

Baseline (kg) 100.28 ± 17.50- 95.40 ± 17.00 0.95 

3 mo (kg) 92.68 ± 15.13 88.52 ± 17.52 0.83 

6 mo (kg) 89.63 ± 15.74 84.76 ± 17.52 0.92 

' For control at baseline,« = 21; at 3 mo. n  = 20; at 6 mo, n = 18; for treatment at 
base l i ne  and  3  mo ,  n  =  24 ;  a t  6  mo .  n  =  2 3  

- ±SD 
P < 0.05 
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intervals following cross-over of control subjects to the weight loss treatment 
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TABLE 4.4 
Plasma lipid profile comparisons of control subjects over 3.6 and 9 mo' 

Mean of Two 
Measurements 

Mean Difference 
Mean 

Difference 
(%) 

r t CV 

Total cholesterol (mg/dL) 
Baseline vs 3 mo 207.41 11.08 ±28.12^ 5.20 0.806 1.81 13.56 
Baseline vs 6 mo 199.32 24.43 ± 27.07 11.55 0.828 4.04»» 13.58 
Baseline vs 9 mo 189.53 34.24 ± 28.72 16.57 0.790 5.06»« 15.15 
3 mo vs 6 mo 194.09 13.98 ± 15.72 6.95 0.925 3.98** 8.10 
3 mo vs 9 mo 185.16 25.50 ± 18.83 12.88 0.888 5.15** 10.17 
6 mo vs 9 mo 177.88 10.95 ± 16.43 5.97 0.930 2.83* 9.24 

HDL-cholesterol (mg/dL) 

Baseline vs 3 mo 47.82 -3.10 ± 5.64 -6.69 0.837 -2.51* 11.79 
Baseline vs 6 mo 45.07 -0.46 = 5.98 -1.04 0.687 -0.35 1328 
Baseline vs 9 mo 49.30 -9.17±7.13 -20.50 0.585 -5.46«* 14.46 
3 mo vs 6 mo 46.54 2.48 ± 5.38 5.20 0.738 2.06 11.57 
3 mo vs 9 mo 50.50 -6.78 ± 5.88 -14.39 0.696 -4.90* • 11.63 
6 mo vs 9 mo 49.21 -9.37 ±6.41 -21.04 0.660 -6.20»* 13.03 

LDL-cholesterol (mg/dL) 

Baseline vs 3 mo 126.50 11.55 ±26.51 8.73 0.828 2.00 20.96 
Baseline vs 6 mo 123.41 18.48 ±24.84 13.93 0.864 3.32** 20.13 
Baseline vs 9 mo 108.94 36.73 ± 30.19 28.85 0.754 5.\6** 27.71 
3 mo vs 6 mo 118.18 8.03 ± 14.69 6.57 0.908 2.45* 12.43 
3 mo vs 9 mo 105.53 29.90 ± 16.07 24.82 0.892 7.S9** 15.23 
6 mo vs 9 mo 100.89 20.62 ± 14.15 18.54 0.919 6.18" 14.03 

Triglycerides (mg/dL) 
Baseline vs 3 mo 165.72 12.61 ±46.07 7.33 0.860 1.25 27.80 
Baseline vs 6 mo 154.21 32.06 ±39.21 18.83 0.907 3.66»* 25.43 
Baseline vs 9 mo 156.40 33.39 ± 33.89 19.29 0.869 4.18** 21.67 
3 mo vs 6 mo 147.02 17.67 ±24.50 11.33 0.961 3.22** 16.67 
3 mo vs 9 mo 146.11 12.80 ±46.32 8.39 0.880 1.17 31.70 
6 mo vs 9 mo 138.96 -1.50 ±40.88 -1.08 0.915 -0.16 29.42 

TC/HDL-cholesterol^ 

Baseline vs 3 mo 4.52 0.57 ± 0.75 11.93 0.881 3.51" 16.55 
Baseline vs 6 mo 4.56 0.65 ± 0.77 13.29 0.869 3.75** 16.97 
Baseline vs 9 mo 4.04 1.53 ± 1.08 3L89 0.761 6.04** 26.66 
3 mo vs 6 mo 4.28 0.07 ±0.51 1.71 0.908 0.65 11.86 
3 mo vs 9 mo 3.80 1.04 ±0.71 24.15 0.831 6.22* • 18.74 
6 mo vs 9 mo 3.76 0.96 ± 0.65 22.65 0.873 6.22** 17.43 

' At 3 mo. /7 = 21; at 6 mo, n = 20; at 9 mo, « = 18 
- x±SD 
' Plasma total cholesterol/HDL-cholesterol 
• P < 0.05 
•• /'<0.01 
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FIGURE 4.3. Plasma HDL-cholesterol (mg/dL) in control and treatment subjects 

measured over 9 mo of study 
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measured over 9 mo of study 
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measured over 9 mo of study 
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Percentage mean differences in the lipid profile of the treatment group over 3,6 and 

9 mo are summarized in Table 4.5 and Figures 4.3 to 4.7. Although plasma HDL-cholesterol 

concentration did not change (P > 0.05) over 3 and 6 mo, there was al 5% increase (P < 0.01) 

at 9 mo. Plasma LDL-cholesterol concentration (Table 4.5 and Figure 4.4) decreased (P < 

0.05, P < 0.01) by 10, 12 and 25% over 3, 6 and 9 mo, respectively. Respective decreases 

over 3. 6 and 9 mo in the concentrations of plasma total cholesterol (Table 4.5 and Figure 

4.5) by 9,9 and 14% (P < 0.01) and plasma triglyceride (Table 4.5 and Figure 4.6) by 15,21 

and 12% (P < 0.05), P < 0.01) resulted from the Fastin® program. Total cholesterol/HDL-

cholesterol did not change over 3 mo; however this ratio was decreased (P < 0.01) by 14 and 

27% over 6 and 9 months, respectively. 

Mean differences in lipid profile between control and treatment groups at baseline 

and 3 mo are summarized in Table 4.6. No between group differences (P > 0.05) were 

detected by independent /-test for any of the lipid variables at baseline or 3 mo. 

Mean differences between groups following the cross-over by the control subjects at 

3 mo are summarized in Table 4.7 and Figures 4.8 to 4.12. Comparisons were made by 

shifting the control group baseline to 3 mo as explained above. The only differences between 

groups in plasma lipids occurred at "6 mo" in LDL-cholesterol concentration (90.58 mg/dL 

for control versus 119.2 mg/dL for treatment; P < 0.01) and total cholesterol concentration 

(172.41 mg/dL for control versus 194.77 mg/dL for treatment; P < 0.05). 

The mean difference in serum leptin concentration for control and treatment groups 

over 9 mo is summarized in Table 4.8 and Figxire 4.13. Weight loss lowered (P < 0.01) 

serum leptin concentration in the control group by 30 and 28% over 6 and 9 mo, respectively 
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TABLE 4.5 
Plasma lipid profile comparisons of treament subjects over 3, 6 and 9 mo 

Mean of Two 
Measurements 

Mean Difference 
Mean 

Difference 
(%) 

r  t  CV 

Total cholesterol (mg/dL) 

Baseline vs 3 mo 204.68 20.04 ± 32.02- 9.33 0.658 3.07** 15.65 
Baseline vs 6 mo 204.74 19.93 ±26.43 9.28 0.755 3.69** 12.91 
Baseline vs 9 mo 201.09 30.88 ± 24.74 14.26 0.811 5.12** 12.30 
3 mo vs 6 mo 194.72 -0.11 ±22.19 -0.06 0.798 -0.03 11.40 
3 mo vs 9 mo 188.16 5.00 = 22.09 2.62 0.763 1.04 11.74 
6 mo vs 9 mo 190.12 8.94 ± 19.99 4.59 0.761 2.05 10.52 

HDL-cholesterol (mg/dL) 
Baseline vs 3 mo 49.85 2.11 = 1 M  4.14 0.808 1.39 14.73 
Baseline vs 6 mo 51.98 -2.15 i 10.94 -4.23 0.604 -0.96 21.05 
Baseline vs 9 mo 55.74 -7.80 ± 7.86 -15.04 0.765 -4.54»» 14.11 
3 mo vs 6 mo 50.93 -4.26 ± 7.68 -8.73 0.770 -2.72* 15.07 
3 mo vs 9 mo 54.84 -9.60 = 6.73 -19.18 0.768 -6.54** 12J27 
6 mo vs 9 mo 57.07 -5.13 ±7.21 -9.42 0.801 -3J26** 12.63 

LDL-cholesterol (mg/dL) 

Baseline vs 3 mo 128.38 13.00 ±29.21 9.64 0.616 2.18* 22.75 
Baseline vs 6 mo 127.04 15.68 ±2229 11.63 0.762 3.45** 17.54 
Baseline vs 9 mo 119.05 34.66 = 24.11 25.41 0.739 6.59** 20.25 
3 mo vs 6 mo 120.54 2.68 ± 19.36 2.20 0.799 0.68 16.06 
3 mo vs 9 mo 109.65 15.85 ±20.17 13.48 0.690 3.60** 18.39 
6 mo vs 9 mo 109.91 16.36= 19.41 13.85 0.692 3.86** 17.66 

Triglycerides (mg/dL) 

Baseline vs 3 mo 131.41 20.81 ±38.11 14.67 0.800 2.67* 29.00 
Baseline vs 6 mo 127.19 29.24 ± 39.67 20.62 0.767 3.61** 31.19 
Baseline vs 9 mo 129.93 16.93 ±37.07 12.24 0.817 2.09* 28.53 
3 mo vs 6 mo 116.79 8.44 ±34.21 6.97 0.809 1.21 29.29 
3 mo vs 9 mo 118.91 -5.11 ±35.83 -4.39 0.818 -0.65 30.13 
6 mo vs 9 mo 115.75 -11.44 ±27.33 -10.40 0.913 -1.92 23.61 

TC/HDL-cholesteroF 

Baseline vs 3 mo 4.31 0.26 ± 0.82 5.87 0.812 1.56 18.93 
Baseline vs 6 mo 4.14 0.61 ±0.87 13.68 0.753 3.42** 21.02 
Baseline vs 9 mo 3.75 1.17 ±0.75 27.08 0.782 7.17** 20.03 
3 mo vs 6 mo 4.01 0.35 ± 0.72 8.30 0.847 2.37* 17.92 
3 mo vs 9 mo 3.56 0.80 ± 0.74 20.18 0.782 4.94** 20.81 
6 mo vs 9 mo 3.44 0.56 ± 0.63 15.10 0.817 4.11** 18.19 

' At 3 mo, n  = 24; at 6 mo, n  = 24; at 9 mo, n  =  2 \  

X ± SD 
' Plasma total cholesterol/HDL-cholesterol 
* P< 0.05 
•• /'<0.0l 
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TABLE 4.6 
Lipid profiles of control and treatment subjects measured at baseline and 3 mo' 

CONTROL TREATMENT 

Total cholesterol (mg/dL) 

Baseline 215.16 ± 47.68" 214.70 ±40.27 0.04 
3 mo 201.87 ±38.97 194.66 ±36.73 0.64 

HDL-cholesterol (mg/dL) 

Baseline 47.55 ± 11.06 50.90 ±12.65 -0.97 
3 mo 49.37 ± 10.01 48.80 ±10.21 0.19 

LDL-cholesterol (mg/dL) 

Baseline 133.40 ±46.11 134.88 ±34.38 -0.13 
3 mo 120.73 ±33.61 121.89 ±32.08 -0.12 

Triglyceride (mg/dL) 

Baseline 171.09 ±62.61 141.81 ±61.82 1.61 
3 mo 159.41 ±87.23 121.01 ±58.22 1.76 

TC/HDL-choIesterol^ (mg/dL) 

Baseline 4.74 ± 1.49 4.44 ± 1.32 0.72 
3 mo 4.24±1.19 4.18± 1.34 0.14 

' For control at baseline, n  =  2 3  and at 3 mo, « = 21; for treatment « = 24 at both 
times 

-  ±SD 
^ Plasma total cholesteroI/HDL-choIesterol 

P < 0.05 
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TABLE 4.7 
Lipid profiles of control and treatment subjects measured over 3 mo intervals following 
cross-over of control subjects to weight control intervention' 

CONTROL TREATMENT 

Total cholesterol (mg/dL) 

Baseline 201.87 ± 38.97- 214.70 ±40.27 -1.08 
3 mo 187.10 ±41.24 194.66 ±36.73 -0.64 
6 mo 172.41 ±31.06 194.77 ±30.89 -2.32* 

HDL-cholesterol (mg/dL) 

Baseline 49.37 ± 10.01 50.90 ±12.65 -0.45 
3 mo 45.30 ±7.72 48.80 ±10.21 -1.26 
6 mo 53.89 ±7.86 53.06 ±11.91 0.26 

LDL-cholesterol (mg/dL) 

Baseline 120.73 ±33.61 134.88 ±34.38 -1.39 
3 mo 114.17 ±34.69 121.89 ±32.08 -0.77 
6 mo 90.58 ±27.87 119.20 ±27.10 -3.35* 

Triglyceride (mg/dL) 

Baseline 159.41 ±87.23 141.81 ±61.82 0.79 
3 mo 138.19 ±86.81 121.01 ±58.22 0.78 
6 mo 139.71 ±64.30 112.58 ±46.68 1.59 

TC/HDL-cholesterol^ (mg/dL) 

Baseline 4.24 ±1.19 4.44 ±1.32 -0.55 
3 mo 4.24 ±1.19 4.18 ± 1.34 0.15 
6 mo 3.28 ±0.82 3.83 ±1.06 -1.85 

' For control at baseline, n = 21; at 3 mo, n  = 20; at 6 mo. « = 18; for treatment n  =  
24 at all three times 

-  ±SD 
^ Plasma total cholesterol/HDL-cholesterol 
* P < O . O S  
* *  p < o m  
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FIGURE 4.8. Plasma HDL-cholesterol (mg/dL) of control and treatment subjects 

measured at 3-mo intervals following cross-over of control subjects to the weight loss 

treatment 
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treatment 
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FIGURE 4.10. Plasma total cholesterol (mg/dL) of control and treatment subjects 

measured at 3-mo intervals following cross-over of control subjects to the weight loss 

treatment 
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FIGURE 4.11. Plasma triglyceride (mg/dL) of control and treatment subjects 

measured at 3-mo intervals following cross-over of control subjects to the weight loss 

treatment 
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treatment subjects measured at 3-mo intervals following cross-over of control subjects to the 

weight loss treatment 



TABLE 4.8 
Serum leptin concentrations (ng/mL) measured over 3-, 6- and 9-mo periods 

n 

Mean of Two 

Measurements 

(ng/mL) 

Mean Difference 

(ng/mL) 

Mean Difference 

(%) 
r  1 CV 

CONTROL 

Baseline vs 3 mo 21 36.48 -1.33 ± 16.64' 3.59 0.194 0.37 45.60 

Baseline vs 6 mo 19 31.64 11.13 ±8.36 29.91 0.802 5M** 26.43 

Baseline vs 9 mo 18 32.38 10.40 ± 10.38 27.67 0.692 A.25**  32.04 

3 mo vs 6 mo 18 31.68 9.07 ± 17.80 25.04 -0.088 2. \6*  56.19 

3 mo vs 9 mo 17 31.85 7.63 ± 16.72 21.40 0.034 1.88 52.50 

6 mo vs 9 mo 18 26.18 -2.01 ± 10.05 -i.n 0.688 -0.85 38.40 

TREATMENT 

Baseline vs 3 mo 24 34.48 11.15 ± 16.24 27.84 0.530 3.36** 47.12 

Baseline vs 6 mo 23 31.34 17.43 ± 10.85 43.52 0,756 7.7I** 34.61 

Baseline vs 9 mo 21 34.34 7.50 ± 10.55 19.69 0.762 3.26»» 30.72 

3 mo vs 6 mo 23 25,74 6.24 ± 12.60 21.61 0.700 231** 48.95 

3 mo vs 9 mo 21 29.22 -2.75 ± 18.04 -9.89 0.441 -0.70 61.74 

6 mo vs 9 mo 20 25.33 -9.03 ± 8.70 -43.38 0.845 -AM** 2431 

'  x ± S D  
•/'<0.05 
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FIGURE 4.13 Serum leptin (ng/mL) in control and treatment subjects measured over 

9 mo of study 



129 

and in the treatment group by 28,44, and 20% { P  <0.01) over 3,6 and 9 mo, respectively. 

Serum leptin concentrations were similar in control and treatment subjects at baseline and 

3 mo (Table 4.9). There were also no serum leptin concentration differences between the 

two groups of women at "baseline" or following either "3 mo"or "'6 mo" of Fastin® 

treatment (Table 4.10 and Figure 4.14). 

Mean differences for serum insulin concentrations for control and treatment group 

are summarized in Table 4.11 and Figure 4.15. There were no differences {P > 0.05) in 

insulin concentration throughout the study. However, for the treatment group serum insulin 

concentration increased {P < 0.05, /* < 0.01) by 26 and 34% over 3 and 6 mo, respectively. 

Mean differences in serum insulin concentrations between the control and treatment groups 

are summarized in Tables 4.12 and 4.13 and Figure 4.16. There were no differences (P > 

0.05) in serum insulin concentrations between control and treatment groups throughout the 

study. 

Correlations at baseline between plasma lipids and anthropometric measurements, 

serum leptin and serum insulin are summarized in Table 4.14. In the control group, there 

were no significant correlations except for negative correlations between WHR and HDL-

cholesterol (P < 0.05), WTR and HDL-cholesterol {P < 0.01), subscapular skinfold and 

HDL-cholesterol {P < 0.05) and WHR and total cholesterol {P < 0.05). In the treatment 

group, the only positive correlations were between suprailiac skinfold and LDL-cholesterol 

(P < 0.05) and suprailiac skinfold and total cholesterol (P < 0.05). 
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TABLE 4.9 
Serum leptin concentrations (ng/raL) of control and treatment subjects measured at 
baseline and 3 mo' 

CONTROL TREATMENT t  

Baseline (ng/mL) 37.23 ± 13.26- 40.05 ±16.21 -0.67 

3 mo (ng/mL) 35.82 ± 12.77 28.90 ± 17.25 1.51 

' For control at baseline , rt = 25 and at 3 mo. n  =  21; for treatment n = 24 at both 
times 

-  ±SD 
P  <  0.05 
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TABLE 4.10 
Serum leptin concentrations (ng/mL) of control and treatment subjects measured over 3 
mo intervals following cross-over of control subjects to weight control intervention' 

CONTROL TREATMENT t  

Baseline (ng/mL) 37.23 ± 13.26- 40.05 ± 16.21 -0.67 

3 mo (ng/mL) 35.82 ± 12.77 28.90 ± 17.25 1.51 

6 mo (ng/mL) 26.07 ± 13.11 22.62 ± 12.49 0.87 

' For control at baseline, n  = 25; at 3 mo, n = 21; at 6 mo. n = 19; for treatment at 
baseline and 3 mo. n = 24; at 6 mo, « = 23 

-  =SD 

P < 0.05 
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FIGURE 4.14 Serum leptin (ng/mL) of control and treatment subjects measured at 

3-mo intervals following cross-over of control subjects to the weight loss treatment 



TABLE 4.11 
Serum insulin concentrations (nU/mL) measured over 3-, 6- and 9-mo periods 

n 

Mean of Two 
Measurements 

(nU/mL) 

Mean Difference 

(fiU/mL) 
Mean Difference 

(%) 
/• 1 CV 

CONTROL 

Baseline vs 3 mo 21 12.40 -0.20 i 2.99' -1.66 0.918 -0.31 24.07 

Baseline vs 6 mo 19 12.10 0.95 ±5.31 7.56 0.714 0.80 43.88 

Baseline vs 9 mo 18 13.67 -l.29± 11.93 -9.94 0.582 -0.46 87.26 

3 mo vs 6 mo 18 12.23 1.22 i 4.41 9.47 0.794 1.23 36.10 

3 mo vs 9 mo 17 13.64 -l.34i 11.87 -10.36 0.588 -0.48 86.99 

6 mo vs 9 mo 18 12.91 -2.81 ± 12.21 -24.43 0.574 -0.98 94.56 

TREATMENT 

Baseline vs 3 mo 24 11.78 -2.71 ±5.51 -25.97 0.719 -2.41» 46.77 

Baseline vs 6 mo 23 10.19 0.48 ±5.21 4.630 0.721 0.45 51.15 

Baseline vs 9 mo 21 11.69 -3.36 ±6.38 -33.52 0.653 -2.41* 54.57 

3 mo vs 6 mo 23 11.54 3.19±4.IO 24.29 0.859 3.8l»» 35.54 

3 mo vs 9 mo 21 12.48 -1.78 ±7.75 -15.32 0.511 -1.05 62.12 

6 mo vs 9 mo 20 11.16 -4.43 ± 7.66 -49.52 0.510 -2.65* 68.66 

' >?±SD 
* P < 0 . 0 5  

* * P < 0 . 0 1  
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TABLE 4.12 
Serum insulin concentrations (jiU/mL) of control and treatment subjects measured at 
baseline and 3 mo' 

CONTROL TREATMENT t  

Baseline (|iU/mL) 12.30 ± 7.46- 10.43 ±5.02 1.00 

3 mo (|iU/mL) 12.50 ±7.23 13.14 ±7.88 -0.28 

' For control n  
-  ±SD 
P < 0.05 

= 21; for treatment« = 24 
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TABLE 4.13 
Serum insulin concentrations (|iU/mL) of control and treatment subjects measured over 
3 mo intervals following cross-over of control subjects to weight control intervention' 

CONTROL TREATMENT t 

Baseline (jiU/mL) 12.50 ± 7.23- 10.43 ±5.02 1.13 

3 mo (|aU/mL) 11.62 ±5.86 13.14 ±7.88 -0.71 

6 mo (tiU/mL) 14.32 ± 14.63 9.95 ± 7.50 1.26 

' For control at baseline, /? = 21; at 3 mo, n  = 20; at 6 mo. « = 18; for treatment n  =  
24; at all three times 

-  =SD 
P < 0.05 
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FIGURE 4.16. Serum insulin (nU/mL) of control and treatment subjects measured 

at 3-mo intervals following cross-over of control subjects to the weight loss treatment 
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TABLE 4.14 
Correlations between plasma lipids concentrations and body composition indices for control and 
treatment groups at baseline 

Cholesterol 
Total cholesterol to 

n Total HDL LDL Triglyceride HDL-cholesterol 
ratio 

CONTROL 

% BF' 23 0.016 -0.070 0.092 -0.217 0.074 
BMI 21 -0.158 -0.013 -0.100 -0.214 -0.055 
Weight 23 -0.075 -0.236 0.027 -0.176 0.167 
Abdominal fat 23 -0.103 -0.260 0.004 -0.178 0.154 
Thigh fat 23 0.069 0.116 0.108 -0.237 0.004 
WHR- 23 -0.431* -0.458* -0.381 0.165 0.001 
WTR' 23 -0.249 -0.570** -0.131 0.041 0.231 
Subscapular skinfold 23 -0.146 -0.591** 0.007 -0.057 0.332 
Triceps skinfold 23 0.009 -0.323 0.119 -0.116 0.217 
Suprailiac skinfold 23 0.145 -0.143 0.216 -0.117 0.174 
Abdominal skinfold 23 -0.109 -0.199 -0.043 -0.083 0.072 
Serum leptin 23 -0.129 0.117 -0.113 -0.177 -0.193 
Serum insulin 21 -0.220 -0.318 -0.168 -0.034 0.045 

TREATMENT 

% BF' 24 0.235 0.083 0.198 0.178 -0.004 
BMI 24 -0.193 -0.384 -0.075 0.000 0.219 
Weight 24 -0.156 -0.262 -0.057 -0.058 0.131 
Abdominal fat 24 -0.085 -0.077 -0.066 0.034 -0.030 
Thigh fat 24 0.139 0.042 0.145 0.036 -0.006 
WHR- 24 -0.226 -0.352 -0.103 -0.059 0.303 
WTR' 24 -0.212 -0.318 -0.108 -0.020 0.187 
Subscapular skinfold 24 -0.136 -0.162 -0.036 -0.150 -0.009 
Triceps skinfold 24 -0.206 -0.174 -0.214 0.030 -0.086 
Suprailiac skinfold 24 0.420* 0.030 0.411* 0.237 0.240 
Abdominal skinfold 24 0.106 0.046 0.199 -0.189 -0.061 
Serum leptin 24 0.307 0.089 0.233 0.246 0.046 
Serum insulin 24 -0.250 -0.393 -0.222 0.206 0.186 

' Percentage body fat 
• Waist to hip circumference ratio 
' Waist to thigh circumference ratio 
* P<0.05 (2-tailed) 
•• ̂ <0.01 (2-tailed) 
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Correlations at 3 mo between plasma lipids and anthropometric measurements, senim 

leptin and serum insulin are summarized in Table 4.15. In the control group, only a negative 

correlation between serum insulin and HDL-cholesterol was observed. In the treatment 

group, there were negative correlations between BMI {P < 0.01), weight {P < 0.05), triceps 

skinfold {P < 0.01), suprailiac skinfold (P < 0.05) and HDL-cholesterol, and positive 

correlations between abdominal skinfold and LDL-cholesterol (P < 0.05), BMI and total 

cholesterol/HDL-cholesterol ratio (P < 0.05), and abdominal skinfold and total 

cholesterol/HDL-cholesterol ratio (P < 0.05). 

Correlations at 6 mo between plasm lipids and anthropometric measurements, serum 

leptin and serum insulin are summarized in Table 4.16. Negative correlations between BMI 

and HDL-cholesterol (P < 0.05), and body weight and HDL-cholesterol (P < O.Ol) were 

observed for the control group. Negative correlations between BMI (P < 0.05), body weight 

(P < 0.05), subscapular skinfold (P < 0.01), triceps skinfold (P < 0.01), and suprailiac 

skinfold (P < 0.05) and HDL-cholesterol were observed for the treatment group. 

Correlations at 9 mo between plasma lipids and anthropometric measurements, serum 

leptin and serum insulin are sununarized in Table 4.17. Only negative correlations between 

abdominal skinfold (P < 0.05) and insulin (P <0.01) and HDL-cholesterol were observed 

for control subjects. For treatment subjects, LDL-cholesterol was positively correlated (P 

< 0.05) with body weight, subscapular, triceps and abdominal skinfolds, and leptin; and total 

cholesterol was positively correlated (P < 0.05) with subscapular skinfold and leptin. 

Because the treatment group completed their DXA scans at 6 mo, there were no data for 

%BF or abdominal and thigh fat at 9 mo for correlation analyses. 
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TABLE 4.15 
Correlations between plasma lipids concentrations and body composition indices for control and 
treatment groups at 3 mo 

Cholesterol 

Total cholesterol to 
n Tot£il HDL LDL Triglyceride HDL-cholesterol 

ratio 
CONTROL 

% BF' 21 -0.140 0.214 -0.195 -0.076 -0.195 
BMI 21 -0.319 0.137 -0.340 -0.128 -0.263 
Weight 21 -0.055 0.151 -0.037 -0.146 -0.062 
Abdominal fat 21 -0.078 0.009 -0.071 -0.052 -0.014 
Thigh fat 21 -0.095 0.284 -0.177 -0.028 -0.197 
WHR- 21 -0.162 -0.144 0.014 -0.326 -0.058 
WTR' 21 0.028 -0.232 0.159 -0.160 0.179 
Subscapular skinfold 21 -0.192 0.075 -0.256 0.027 -0.154 
Triceps skinfold 21 -0.252 0.102 -0.235 -0.140 -0.195 
Suprailiac skinfold 21 -0.210 0.105 -0.177 -0.169 -0.161 
Abdominal skinfold 21 -0.208 -0.030 -0.247 0.022 -0.137 
Serum leptin 20 0.358 0.207 0.333 -0.004 0.194 
Serum insulin 21 -0.187 -0.533* -0.034 -0.065 0.225 

TREATMENT 

% BF' 24 0.123 -0.271 0.169 0.213 0.207 
BMI 24 0.090 -0.551 0.236 0.124 0.412* 
Weight 24 0.075 -0.485* 0.214 0.087 0.364 
Abdominal fat 24 0.024 -0.373 0.133 0.064 0.235 
Thigh fat 24 0.060 -0.216 0.126 0.055 0.133 
WHR- 24 0.066 -0.287 0.101 0.163 0.335 
WTR' 24 -0.015 -0.293 0.044 0.089 0.225 
Subscapular skinfold 24 0.078 -0.337 0.195 0.036 0.218 
Triceps skinfold 24 0.134 -0.463* 0.275 0.138 0.346 
Suprailiac skinfold 24 0.235 -0.412* 0.376 0.092 0.394 
Abdominal skinfold 24 0.315 -0.304 0.430* 0.084 0.401 
Serum leptin 24 0.291 0.033 0.287 0.141 0.131 
Serum insulin 24 -0.035 -0.473* 0.034 0.205 0.269 

' Percentage body fat 
" Waist to hip circumference ratio 
' Waist to thigh circumference ratio 
* P< 0.05 (2-tailed) 

F<0.01 (2-tailed) 
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TABLE 4.16 
Correlations between plasma lipids concentrations and body composition indices for control and 
treatment groups at 6 mo 

Cholesterol 
Total cholesterol to 

n Total HDL LDL Triglyceride HDL-cholesterol 
ratio 

CONTROL 

% BF' 20 0.016 -0.070 0.092 -0.217 0.074 
BMI 20 0.081 -0.528* 0.277 -0.126 0.433 
Weight 20 -0.227 -0.599** -0.049 -0.174 0.162 
Abdominal fat 20 -0.017 -0.371 0.084 -0.045 0.184 
Thigh fat 20 -0.193 -0.392 -0.037 -0.210 0.038 
WHR' 20 -0.147 -0.281 -0.086 -0.052 0.072 
WTR' 20 -0.075 -0.353 0.024 -0.069 0.137 
Subscapular skinfold 20 0.103 -0.298 0.111 0.155 0.283 
Triceps skinfold 20 -0.370 -0.309 -0.333 -0.074 -0.145 
Suprailiac skinfold 20 -0.241 -0.124 -0.160 -0.199 -0.152 
Abdominal skinfold 20 -0.177 -0.039 -0.211 0.016 -0.178 
Serum leptin 19 -0.179 0.007 -0.149 -0.132 -0.219 
Serum insulin 20 -0.133 -0.371 0.007 -0.163 0.134 

TREATMENT 

% BF' 23 -0.047 -0.340 0.132 -O.llO 0.189 
BMI 23 -0.177 -0.039* -0.211 0.016 -0.178 
Weight 23 -0.093 -0A66* 0.104 -0.020 0.259 
Abdominal fat 23 -0.124 -0.345 0.026 -0.052 0.159 
Thigh fat 23 -0.080 -0.326 0.133 -0.239 0.199 
WHR- 23 -0.011 0.035 -0.064 0.104 0.056 
WTR' 23 -0.076 0.099 -0.179 0.144 -0.063 
Subscapular skinfold 23 -0.153 -0.647* • 0.134 -0.076 0.357 
Triceps skinfold 23 -0.063 -0.571 0.162 0.044 0.377 
Suprailiac skinfold 23 -0.064 -0.435 0.125 -0.024 0.256 
Abdominal skinfold 23 -0.021 -0.104 0.025 -0.010 0.057 
Serum leptin 23 0.057 -0.394 0.193 0.142 0.322 
Serum insulin 24 -0.221 -0.240 -0.210 0.186 0.066 

' Percentage body fat 
" Waist to hip circumference ratio 
' Waist to thigh circumference ratio 
• P < 0.05 {2-tailed) 
* *  P < O m  (2-tailed) 
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TABLE 4.17 
Correlations between plasma lipids concentrations and body composition indices for control and 
treatment groups at 9 mo 

Cholesterol 

Total cholesterol to 
n Total HDL LDL Triglyceride HDL-cholesterol 

ratio 
CONTROL 

%BF'- 18 0.016 -0.070 0.092 -0.217 0.074 
BMI 18 -0.385 -0.198 -0.327 -0.099 -0.152 
Weight 18 -0.276 -0.216 -0.215 -0.069 -0.048 
Abdominal fat^ 18 -0.243 -0.067 -0.125 -0.080 -0.146 
Thigh fat^ 18 -0.390 -0.026 -0.336 -0.199 -0.265 
WHR' 18 -0.214 -0.088 -0.141 -0.159 -0.057 
WTR-* 18 0.090 0.103 0.107 -0.077 0.045 
Subscapular skinfold 18 -0.377 0.078 -0.408 -0.075 -0.310 
Triceps skinfold 18 -0.393 0.100 -0.380 -0.189 -0.391 
Suprailiac skinfold 18 -0.375 0.089 -0.434 -0.020 -0.367 
Abdominal skinfold 18 0.217 -0.498» 0.303 0.172 0.456 
Serum leptin 18 -0.459 0.076 -0.430 -0.222 -0.435 
Serum insulin 18 -0.194 -0.626»» -0.012 -0.060 0.296 

TREATMENT 

%BF'~' 0^ 
BMI 17 0.139 -0.264 0.311 -0.052 0.307 
Weight 17 0.244 -0.224 0.500* -0.193 0.306 
Abdominal fat^' 0' 
Thigh fat^ ̂  0^ 
WHR' 17 0.125 -0.269 0.224 0.069 0.314 
WTR' 17 0.223 -0.317 0.144 0.431 
Subscapular skinfold 17 0.322 -0.430 0.527* 0.069 0.584* 
Triceps skinfold 17 0.361 -0.267 0.556* -0.023 0.457 
Suprailiac skinfold 17 0.212 -0.372 0.447 -0.056 0.419 
Abdominal skinfold 17 0.272 -0.158 0.523* -0.225 0.285 
Serum leptin 21 0.385 -0.170 0.479* 0.177 0.452* 
Serum insulin 21 0.093 -0.062 -0.073 0.395 0.125 

' Percentage body fat 
- Determined by dual-energy X-ray absorptiometry (DXA) 
' Waist to hip circumference ratio 
* Waist to thigh circumference ratio 
' No measurement for treatment group at 9 mo 
* P < 0.05 (2-tailed) 

/'<0.01 (2-tailed) 
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ANOVA (mixed design repeated measures) showed no differences between control 

and treatment groups over 3 mo for plasma lipids, serum leptin or serum insulin, except for 

HDL-cholesterol {P < 0.05) (Table 4.18). There were differences between groups for 

subscapular (F < 0.05), triceps {P < 0.01) and suprailiac {P < 0.01) skinfolds (Table 3.8). 

WHR and WTR were similar {P > 0.05) for both groups over 3 mo (Table 4.19). 

Waist to hip and waist to thigh ratios for all subjects at baseline and 3 mo are 

summar i z e d  i n  T a b l e  4 . 2 0 .  C o m p a r e d  t o  c o n t r o l  s u b j e c t s ,  t r e a t m e n t  s u b j e c t s  h a d  g r e a t e r  { P  

< 0.05) WHR at baseline, but not at 3 mo. Comparisons of WTIR over 9 months are 

summarized in Table 4.21. There were no significant differences in WHR for the control 

group throughout the study; however, there was a significant difference (P <0.01) over 3 mo 

for the treatment group. No differences {P > 0.05) in WTR were observed for either group 

of women over 9 months (Table 4.22). 

Scale weights and concentrations of plasma lipids, serum leptin and serum insulin for 

control and treatment groups over 9 mo are summarized in Table 4.23. Comparisons of 

skinfold measurements over 9 mo for the control group are summarized in Table 4.24. Over 

3 mo there were no differences {P > 0.05) for any of the skinfolds (subscapular, triceps, 

suprailiac and abdominal), but there were differences in all four skinfolds over 6 and 9 mo 

(P < 0.01 and P < 0.05). Comparisons of skinfold measurements over 9 mo for the treatment 

group are summarized in Table 4.25. There were differences {P <0.01) for subscapular, 

triceps and suprailiac skinfolds over 3, 6 and 9 mo. While abdominal skinfold did not 

change over 3 mo, there were changes (P < O.Ol) over 6 and 9 mo. 
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TABLE 4.18 
Comparison of plasma lipids (mg/dL), serum leptin (ng/mL) and serum insulin 
(jiU/mL) concentrations between control and treatment groups over 3 mo' 

F  Significance 

Total cholesterol 6.819 0.012* 

HDL-cholesterol 0.030 0.863 

LDL-cholesterol 0.982 0.327 

Triglyceride 0.426 0.517 

Total cholesteroL/HDL-cholesterol 1.779 0.189 

Leptin 4.001 0.052 

Insulin 3.443 0.070 

' rt = 45 
* P< 0.05 
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TABLE 4.19 
Comparison of circumference measurements (cm) between control and treatment 
groups over 3 mo' 

F  Significance 

Waist to hip ratio 3.063 0.087 

Waist to thigh ratio 2.950 0.093 

' n = 45 
P < 0.05 
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TABLE 4.20 
Waist to hip and waist to thigh circumference ratios of control and treatment subjects 
measured at baseline and 3 mo' 

CONTROL TREATMENT 

BASELINE 

Waist/hip 0.83 ± 0.05- 0.86 ± 0.06 -2.30* 
Waist/thigh L48±0.14 1.54 ±0.17 -0.67 

THREE MONTHS 

Waist/hip 0.83 ±0.04 0.84 ±0.05 -1.27 
Waist/thigh 1.52 ±0.13 1.52 ±0.15 -0.03 

' For control at baseline, a? = 25; 13 mo.« = 21; for treatment n = 24 at both times 
- =SD 
*  P <  0.05 



TABLE 4.21 
Waist to hip circumference ratios (cm) measured over 3-, 6- and 9-mo periods 

n 
Mean of Two 
Measurements 

(cm) 

Mean Difference 
(cm) 

Mean Difference 
(%) 

r t CV 

CONTROL 

Baseline vs 3 mo 21 0.83 0,006 ± 0.02' 0.69 0.827 1.06 2.98 

Baseline vs 6 mo 20 0.84 0.001 ±0.02 0.15 0.891 0.28 2.47 

Baseline vs 9 mo 18 0.83 0.016 ±0.04 1.91 0.809 1.77 4.62 

3 mo vs 6 mo 20 0.83 -0.002 ± 0.03 -0.26 0.748 -0.32 3.67 

3 mo vs 9 mo 18 0.83 0.013 ±0.05 1.59 0.667 1.22 5.57 

6 mo vs 9 mo 18 0.83 0.014 ±0.04 1.73 0.767 1.54 4. 80 

TREATIVIENT 

Baseline vs 3 mo 24 0.85 0.023 ± 0.04 2.63 0.767 2.94** 4.44 

Baseline vs 6 mo 23 0.86 0.015 ±0.05 1.76 0.735 1.39 6.13 

Baseline vs 9 mo 17 0.82 0.059 ±0.16 6.95 -0.376 1.51 19.65 

3 mo vs 6 mo 23 0.85 -0.009 ± 0.06 -l.ll 0.643 -0.75 7.03 

3 mo vs 9 mo 17 0.81 0.036 ±0.15 4.31 -0.062 I.OI 17.99 

6 mo vs 9 mo 17 0.82 0.042 ±0.17 5.05 -0.215 1.02 20.97 

' x±SD 
**P<O.OI (2-tailed) 



TABLE 4.22 
Waist to thigh circumference ratios (cm) measured over 3-, 6- and 9-mo periods 

Mean of Two 
Measurements 

(cm) 

Mean Difference 
(cm) 

Mean Difference 
(%) 

CV 

CONTROL 

Baseline vs 3 mo 21 

Baseline vs 6 mo 20 

Baseline vs 9 mo 18 

3 mo vs 6 mo 20 

3 mo vs 9 mo 18 

6 mo vs 9 mo 18 

TREATMENT 

Baseline vs 3 mo 24 

Baseline vs 6 mo 23 

Baseline vs 9 mo 17 

3 mo vs 6 mo 23 

3 mo vs 9 mo 17 
6 mo vs 9 mo 17 

1.51 

1.51 

1.52 

1.52 

1.53 

1.52 

1.53 

1.53 

1.48 

1.52 

1.47 

1.46 

-0.013 ±0.06' 

0.006 ± 0.05 

-0.002 ± 0.07 

0.022 ± 0.07 

0.017 ±0.07 

-0.005 ± 0.08 

0.019 ±0.06 

0.032 ±0.10 

0.098 ± 0.33 

0.0I2±0.I0 

0.078 ± 0.30 

0.055 ±0.33 

-0.88 

0.38 

-0.13 

1.436 

1.n 
-0.31 

1.25 

2.09 

6.40 

0.761 

5.16 

3.71 

0.8881 

0.934 

0.894 

0,871 

0.920 

0.877 

0.926 

0.829 

-0.331 

0.830 

-0.178 

-0.283 

-0.96 

0,53 

- 0 . 1 2  

1.49 

1.05 

-0.26 

1.48 

1.54 

1.21 

0.57 

1.06 

0.68 

4.16 

3.17 

4.85 

4.34 

4.51 

5.15 

4.16 

6.55 

22.49 

6.43 
20.67 

22.86 
' x±SD 
P < 0.05 

00 



TABLE 4.23 
Scale weight, plasma lipids, and serum leptin and insulin measured at baseline, and aHer 3,6 and 9 mo 

Figure 
Baseline 3 Months 6 Months 9 Months 

Figure 
n Mean ± SD n Mean ± SD n Mean ± SD n Mean ± SD 

5.1 Scale weight (kg) 

Control 25 98.71 ± 16.76' 21 100.28 ± 17.50 20 92.68 ± 15.13 18 89.63 ± 15.74 
Treatment 24 95.40 ± 17.00 24 88.52 ± 17.52 23 84.76 ± 17.49 20 81.68 ± 14.94 

5.3 Total cholesterol (mg/dL) 

Control 23 2I5.I6±47.68 21 201.87 ±38.97 20 I87.I0±4I.24 18 172.41 ±31.06 
Treatment 24 214.70 ±40.27 24 194.66 ±36.73 24 194.77 ±30.89 21 185.65 ±28.30 

5.4 HDL-cholesterol (mg/dL) 

Control 23 47.55 ± 11.06 21 49.37 ± 10.01 20 45.30 ±7.72 18 53.89 ±7.86 

Treatment 24 50.90 ± 12.65 24 48.80 ± 10.21 24 53.06 ± 11.91 21 59.64 ± 9.47 

5.5 LDL-cholesterol (mg/dL) 

Control 23 133.40 ±46.11 21 120.73 ±33.61 20 114.17 ±34.69 18 90.58 ±27.87 
Treatment 24 134.88 ±34.38 24 121.89 ±32.08 24 119.20 ±27.10 21 101.73 ±21.60 

5.6 Triglyceride (mg/dL) 

Control 23 I7l.09±62.6i 21 159.41 ±87.23 20 I38.I9±86.8I 18 139.71 ±64.30 
Treatment 24 141.81 ±61.82 24 121.01 ±58.22 24 112.58 ±46.68 21 121.47 ±60.61 

5.7 Total cholesterol/HDL-cholesterol 

Control 23 4.74 ± 1.49 21 4.24 ± 1.19 20 4.24± 1.19 18 3.28 ±0.82 
Treatment 24 4.44 ± 1.32 24 4.18± 1.34 24 3.83± 1.06 21 3.16 ±0.54 

5.13 Serum leptin (ng/mL) 

Control 25 37.23 ± 13.26 21 35.82 ± 12.77 19 26.07 ± 13.11 18 27.18 ± 12.59 
Treatment 24 40.05 ± 16.21 24 28.90 ± 17.25 23 22.62 ± 12.49 21 30.59 ± 16.02 

5.15 Serum insulin (nU/mL) 

Control 21 12.30 ±7.46 21 12.50 ±7.23 20 11.62 ±5.86 18 14.32 ± 14.63 
Treatment 24 10.43 ±5.02 24 13.14 ±7.88 24 9.95 ± 7.50 21 13.37 ±8.41 
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TABLE 4.24 
Comparisons of skinfold thickness at four measurement sites for control subjects over 3, 6 and 9 mo' 

Mean of Two 
Measurements 

Mean Difference 
Mean 

Difference 
(%) 

r t CV 

Subscapular (mm) 
Baseline vs 3 mo 43.38 -1.33 ±7.89^ -3.12 0.576 -0.77 18.20 
Baseline vs 6 mo 37.51 11.38 ±5.88 26.33 0.733 8.66* • 15.67 
Baseline vs 9 mo 38.78 8.28 i 5.67 19.29 0.762 6.196»* 14.63 

Triceps (mm) 
Baseline vs 3 mo 39.63 -0.37 ± 7.96 -0.94 0.529 -0.21 20.08 
Baseline vs 6 mo 35.97 7.49 ± 7.21 18.84 0.588 4.65** 20.03 
Baseline vs 9 mo 37.01 4.68 ± 7.52 11.90 0.549 2.64* 20.31 

Suprailiac (mm) 
Baseline vs 3 mo 39.86 1.69 ±9.69 4.15 0.230 0.80 24.31 
Baseline vs 6 mo 36.87 8.34 ± 10.91 20.32 0.075 3.42»* 29.58 
Baseline vs 9 mo 38.70 4.35 ± 8.28 10.64 0.421 2.23 • 21.40 

Abdominal (mm) 
Baseline vs 3 mo 61.78 -1.50 ±8.40 -2.45 0.436 -0.82 13.59 
Baseline vs 6 mo 57.86 6.89 ± 11.89 11.24 0.080 2.59* 20.55 
Baseline vs 9 mo 57.50 7.95 ± 13.53 12.93 -0.018 2A9* 23.53 

'  / i =  1 8  

- x:=SD 
• P < 0.05 
*• P<0.01 
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TABLE 4.25 
Comparisons of sicinfold thickness at four measurement sites for treatment subjects over 3. 6 and 9 mo' 

Mean of Two 
Measurements Mean Difference 

Mean 
Difference 

(%) 
r  I  CV 

Subscapular (mm) 
Baseline vs 3 mo 37.67 5.75 ± 7.03^ 14.18 0.680 4.01** 18.66 
Baseline vs 6 mo 34.51 11.67 ±9.30 28.93 0.458 6.02** 26.95 
Baseline vs 9 mo 34.39 9.16 = 9.57 23.51 0.504 4.28** 27.82 

Triceps (mm) 
Baseline vs 3 mo 36.05 6.31 ±7.78 16.10 0.446 3.97** 21.58 
Baseline vs 6 mo 34.39 9.61 ± 10.72 24.51 0.199 4.30** 31.16 
Baseline vs 9 mo 35.78 6.70 ± 7.44 17.12 0.622 4.03** 20.79 

Suprailiac (mm) 
Baseline vs 3 mo 36.28 9.48 = 8.70 23.11 -0.076 5.34** 23.99 
Baseline vs 6 mo 35.33 11.48 ±9.07 27.96 0.116 6.07** 25.66 
Baseline vs 9 mo 37.21 7.98 ± 11.19 19.36 0.107 3.19** 30.07 

Abdominal (mm) 
Baseline vs 3 mo 55.90 3.19 ±9.77 5.545 0.685 1.60 17.49 
Baseline vs 6 mo 52.89 9.12 ±9.44 15.88 0.654 4.63** 17.84 
Baseline vs 9 mo 52.34 8.19 ± 10.94 14.51 0.556 3.35** 20.91 

' n = 20 

- x = SD 
/ '<0.01 
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Discussion 

This study was conducted with free-living subjects over a period of 9 mo. It was 

anticipated the Fastin® therapy in combination with a 1200 kcal diet would result in a 10% 

reduction in body weight during this time. Results of the study fulfilled this expectation. 

The cumulative weight loss over 9 mo for the control group (initial BMI of 37.5 ± 5.3 kg/m") 

was 9% (8.54 kg) and for the treatment group (initial BMI of 36.4 ± 6.4 kg/m*) was 10% 

(15.72 kg). Fujioka et al (5) reported a 12 kg weight loss in premenopausal women with a 

BMI of 34 to 36 kg/m" v/ho followed a very low calorie diet for 8 wk. Wadden et al (33) 

accomplished weight reduction using a 1000 to 1200 kcal diet in a group of women with a 

BMI of 38.6 kg/m-; these subjects lost 12.3 kg over a period of 6 mo. Fogelholm et al (70) 

reported a weight loss of 13 kg in a group of premenopausal women with an initial BMI of 

29 to 41 kg/m* following a I2-wk weight reduction program. Podenphant et al (72) reported 

a 4.5 kg weight loss over 3 mo in a group of female and male subjects who were 10% 

overweight. Pritchard et al (73) found a weight loss of 6.4 kg in male subjects with a BMI 

of 29 kg/m" who followed a low fat diet. Hendel et al (74) reported a 11.7 kg weight loss in 

a group of women with a BMI of 30 to 43 kg/m* after a 1-y weight loss based on a low 

calorie diet. 

Throughout the study changes were observed in plasma lipids and lipoproteins; these 

changes paralleled weight loss changes. HDL-cholesterol levels increased in the treatment 

group over 6 and 9 mo. In the control group HDL-cholesterol levels decreased over 6 mo, 

but increased over 9 mo. These decreases were negatively correlated to WHR, WTR and 

subscapular skinfold, as was the correlation between HDL-cholesterol and insulin over the 
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first 3 mo (before weight loss intervention) for the control subjects. At 6 mo there were 

negative correlations between HDL-cholesterol and BMI and weight for control subjects. 

In the treatment group HDL-cholesterol levels were negatively correlated with BMI, body 

weight, and triceps and suprailiac skinfolds at 3 mo. At 6 mo HDL-cholesterol was 

negatively correlated with body weight and subscapular, triceps and suprailiac skinfolds. 

LDL-cholesterol concentrations decreased for both control and treatment groups. For 

the control group at baseline there was a negative correlation between LDL-cholesterol and 

WHR. while the treatment group showed a positive correlation with suprailiac skinfold. At 

6 mo die positive correlation was between subscapular, triceps, abdominal skinfolds and 

leptin, indicating that centrally distributed fat tissue has a correlation with the atherogenic 

LDL particle, and consequently a risk factor for CVD. In the case of serum leptin. it is 

known that this protein is positively correlated to the amount of adipose tissue (7,38); losing 

weight causes leptin concentration to decrease. 

Plasma total cholesterol concentration in the control group showed no correlation 

with any of the anthropometric variables or with serum leptin or insulin. The treatment 

group plasma total cholesterol positively correlated with suprailiac skinfold only over 3 mo. 

With weight loss plasma TG levels did not correlate with any of the anthropometric variables 

or with serum leptin or insulin. In the treatment group at 9 mo, plasma total 

cholesterol/HDL-cholesterol was positively correlated with BMI, subscapular skinfold and 

serum leptin concentration. 

These findings are in accord with previous studies. Despres et al (4) also found 

negative correlation between BMI, WHR and lipid and lipoprotein firactions. Fujioka et al 
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(29) reported a negative correlation between BMI and total cholesterol, as well as decreased 

concentrations of total cholesterol and TG with weight reduction. It has been suggested (30) 

that intra-abdominal adipose tissue has a sensitive system for the mobilization of FFA due 

to a preponderance of P-adrenergic receptors and little a-adrenergic inhibition. It has been 

postulated that exposure of the liver to elevated concentrations of portal FFA might be the 

key to several important consequences. Such exposxire is known to be followed by increased 

hepatic VLDL secretion. The mechanism involved is that apo B-100. the protein backbone 

of VLDL and LDL. is apparently synthesized in excess by the liver. This is partly due to an 

unusually long half-life of the mRNA for apo B-lOO, securing translation of apo B-100 for 

prolonged periods of time. Secretion of VLDL seems to be mainly regulated by the synthesis 

of TG for transport, which is in turn dependent on the availability of fatty acids. Thus, portal 

FFA probably regulate synthesis and secretion of both VLDL and apo B-1 DO. Retention of 

LDL in the circulation is dependent on the rate of production and the rate of removal. 

Increased synthesis would then be a factor tending to increase the concentration of circulating 

VLDL, LDL and apo B-IOO. 

Serum insulin concentrations over the 9 mo of the study increased in both control and 

treatment groups; the levels were higher at the end of the study compared to the beginning. 

This is contrary to our expectation because Fujioka et al (5) reported a significant decrease 

in fasting plasma insulin levels after weight loss. 

Serum leptin concentration decreased over 6 mo; however, leptin levels increased for 

both groups at 9 mo. The decrease in serum leptin concentration correlated v^dth weight loss. 

These data are in partial agreement with Keim et al (37) who reported adiposity-adjusted 
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leptin decreased by 54% after 1 wk of moderate energy deficit and remained low after 6 and 

12 wk. Considine et al (7) also reported a decline in leptin concentration with weight loss 

in obese subjects. Dubuc et al (38) found that while circulating leptin decreased after 7 d of 

energy restriction, there were gender-related differences in the response. Women started with 

higher leptin levels compared to men and leptin levels were reduced further women than in 

men. 

In conclusion this study demonstrates that weight loss by obese postmenopausal 

women improved lipid profile, thus lowering CVD risk. Serum insulin levels did not 

decrease with weight loss over 9 mo. Serum leptin levels appeared to become negatively 

correlated with body weight reduction, and in turn weight reduction was correlated to the 

lowering of plasma LDL-cholesterol. The significant decrease is subscapular, triceps, 

suprailiac and abdominal skinfolds with decreasing weight indicates that weight was lost, 

not only from the arms (triceps), but from centrally distributed adipose tissue. It was of 

particular interest to notice that WHR decreased after only 3 mo of the weight reduction 

program. These desirable effects indicate that the reduction in abdominal adiposity produced 

a positive effect on plasma lipid profile. 
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CHAPTER 5 

REPRODUCIBILITY OF BODY MEASUREMENTS IN VERY OBESE 

POSTMENOPAUSAL WOMEN 

Z. R. Cordero-Maclntyre. W. Peters, C. R. Libanati, R. C. Espana, W. H. Howell 

and T. G. Lohman 

Abstract 

This study was designed to ascertain precision of a fan beam dual-energy X-ray 

absorptiometer (DXA; Hologic QDR-4500A) with two versions of body composition 

analysis software for estimating changes in body composition. Subjects were 45 obese 

postmenopausal Caucasian women aged 40-70 y. Weight loss was induced over 3 mo in 24 

subjects by a 1200 kcal diet and phentermine hydrochloride therapy. Correlation between 

duplicate measurements ranged from 0.886 to 0.998, and was similar between software 

versions. CVs ranged from 1.3% (fat mass) to 10% (arm fat). Systematic differences 

between sofhvare versions ranged from -0.19% (arm fat) to -8.5% (lean trunk), with higher 

values from updated for all variables except arm fat and lean. Reproducibility for weight-

stable subjects over a 3-mo period was only slightly higher than within day variation (CV 

ranged from 1.7% for BMC to 12.0% for arm fat). Percentage differences over 3 mo for 

weight-loss subjects were significant {P < 0.05) for all variables, except trunk lean and all 

BMC variables for both software versions. Differences for body tissue changes; fat weight, 

11%; arm fat, 8%; leg fat, 10%; trunk fat, 13%; lean weight, 2.3%; arm lean, 3%; and leg 

lean, 3.6%. The updated software yielded a smaller difference between scale and DXA-
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estimated weights (baseline, -2.46%; 3 mo -2.75%) than the older version (baseline, -7.16%; 

3 mo, -7.06%). Higher fat and lean masses were obtained with the updated software. The 

magnimde of body composition changes estimated for the weight-loss subjects was similar 

between software versions. Reproducibility of all variables between software versions was 

comparable. 

Introduction 

Measurements of body composition are useftil for assessing endocrine, metabolic and 

nutritional disorders and for monitoring the effects of interventions, such as weight loss 

programs. Several methods are available for estimating body fat and fat-free mass (FFM). 

Dual-energy X-ray absorptiometry (DXA) allows for total and regional body composition 

measurements, including bone mineral, soft tissue lean and fat. The precision of DXA in 

measuring total bone mineral is excellent with a technical error of 1%; however, less 

precision is obtained from DXA for total and regional body composition (83). 

Satisfactory precision for measurement of total body fat, FFM, and total body bone 

mineral have been demonstrated in vitro and in vivo using DXA (13). DXA is able to detect 

small individual changes in total mass, soft tissue mass, and is also useful for detecting group 

changes in lean tissue mass (60). DXA has been shown to have precision errors less than 

0.01 g/cm" for total body BMD, 1.4% for percent fat in soft tissue, 1.0 kg for fat mass, and 

0.8 kg for lean tissue mass (10). 

Recent studies by Kohrt (59) demonstrated improved accuracy in regional and total 

body composition comparisons of DXA and a multi-component model by using an updated 
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version of software for DXA data (Hologic version 5.64 for QDR-IOOO/W). Development 

of fan beam technology for DXA hardware allows short scanning times. Comparisons of 

phantom and in vivo scans performed with Hologic QDR-2000 (fan beam) and QDR-1000 

(pencil beam) instruments consistently showed that beam geometry significantly affects area 

£ind BMC data: however, the clinically more important BMD measurements appeared to be 

negligible (18). 

The purpose of this study was to compare the precision of DXA measurements made 

using the Hologic 4500A instrument with the original body composition software for this 

scanner (version 8.1a) and with the updated version (version 8.21) for estimating changes in 

body composition over a 3-mo weight loss trial. 

Methods 

Forty-nine postmenopausal Caucasian women aged 40 to 70 y were recruited as 

described in Chapter 2 to participate in a medically supervised weight loss program using 

phentermine hydrochloride (Fastin®; SmithKline Beecham Pharmaceuticals, Philadelphia, 

PA) in combination with a 1200 kcal diet. Assignment to either the untreated control or 

Fastin®-treated groups was made randomly. Those randomized to the treatment group were 

prescribed 15 mg Fastin®/d. This dosage was increased to 15 mg twice per day for subjects 

who did not experience depressed appetite or weight loss at the lower dose. Subjects in the 

treatment group also consumed a 1200 kczd/d diet prescribed by the study dietitian, and 

attended monthly group sessions for eating behavior modification. 
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Body weight and height were mezisured as previously described using standard 

protocols (53). The mean of two measurements was used for statistical analyses. 

Total and regional body composition was measured by dual-energy X-ray 

absorptiometry (QDR-4500A; Hologic Inc., Waltham, MA) using the procedures discussed 

in Chapter 2. All body composition analysis were performed using the software (version 

8.1a) supplied with the instrument and using an updated version (8.21) designed to minimize 

magnification effects present in the earlier software. Scans were obtained at baseline and 

after 3 mo of treatment. Validation of the DXA instrument was accomplished by scarming 

a subset of 10 subjects twice on the same day at baseline. Percentage mean difference 

between duplicate measurements (« = 10) was calculated as: 

Mean Difference (%) = [Mean Difference / Mean of both measurements] ^ 100. 

Percentage mean difference between baseline and 3-mo measurements was calculated as: 

Mean Difference (%) = [Baseline measurement - 3-mo measurement / Baseline] 100. 

Statistical analyses were performed using the SPSS for Windows release 8.0.0 

software (SPSS Inc., Chicago. IL). Paired /-tests and Pearson correlation coefficients were 

used to assess reliability both within day (« = 10) and between day (controls; n = 21), and to 

assess the impact of weight loss treatment. Procedures described by Bland and Altman (55) 

were carried out to test for agreement between software versions. The average of both arms 

and both legs were used for calculations designated "arm" and "leg", respectively. 
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Results 

The mean differences between measurements using software version 8.1a are 

summarized in Table 5.1. Mean differences between measurements were not significant for 

all variables, except for lean weight (P < 0.01). In general, the percentage mean difference 

between measurements for all variables was less than 4%. Correlations between 

measurements range firom 0.886 for trunk BMC to 0.999 for total weight by DXA. TheCVs 

for fat mass, lean mass, BMC and total weight were 1.35,1.38,2.03 and 0.16%. respectively. 

The CVs for regionzil fat varied from 3.34 to 10.09%. for regional lean varied from 1.40 to 

4.73%, and for regional BMC varied from 1.63 to 8.08%. 

The mean differences between measurements using software version 8.21 are 

summarized in Table 5.2. Mean differences between measurements not significant for all 

variables, except for fat mass (P < 0.05), lean mass {P < 0.01), and leg lean mass {P < 0.05). 

In general, the percentage mean difference between measurements was less than 5%. There 

was a high correlation between measurements which ranged firom 0.899 for trunk BMC to 

0.996 for total weight, fat mass, lean mass, leg lean mass, BMC, and leg BMC. The CVs for 

fat mass, lean mass, BMC and total weight were 1.9, 1.16, 1.89. and 0.38%, respectively. 

The CVs for regional fat varied from 3.71 to 10.44%, for regional lean varied from 1.96 to 

5.06%, and for regional BMC varied from 1.76 to 7.45%. 

The mean differences between the two software versions for measurements taken at 

baseline are summarized in Table 5.3. Mean differences between software versions were 

significant for all variables (P < 0.01 and P < 0.05). The percentage difference was largest 

for trunk fat and trunk lean (7.4 and 8.5% higher for software version 8.21, respectively), for 



TABLE 5.1 
Reproducibility of repeated dual-energy X-ray absorptiometry (DXA) measurements using Hologic QDR-4500A version 8.1a software' 

Mean of Two 
Measurements 

(kg) 

Mean Difference 
(l^g) 

Mean Difference 
(%) 

/• t CV 

Scale weight 97.09 0.00 ± 0.0003^ -0.06 0.999 -0.78 0.26 

DXA Total weight 96.47 -0.32 1:0.15 -0.38 0.999 -5.32 0.16 

Fat mass 48.65 0.28 ± 0.66 0.58 0.998 1.36 1.35 

Arm fat 3.65 -0.09 ±0.37 -2.51 0.941 -0.79 10.09 

Leg fat 8.96 -0.16 ±0.30 -1.83 0.993 -1.73 3.34 

Trunk fat 22.39 0.79 ± 1.28 3.53 0.972 1.96 5.70 

Lean mass 45.38 -0.67 ± 0.63 -1.47 0.996 -3.38** 1.38 

Arm lean 2.29 -0.06 ± 0.11 -2.67 0.982 -1.78 4.73 

Leg lean 7.58 -0.09 ±0.18 -1.13 0.990 -1.49 2.40 

Trunk lean 22.90 -0.35 ±0.58 -1.55 0.985 -1.92 2.55 

Done mineral content (DMC) 2.44 0.02 ± 0.05 0.77 0.985 1.21 2.03 

Arm BMC 0.17 0.00 ±0.01 -0.56 0.955 -0.47 3,75 

Leg BMC 0.44 0.00 ±0.01 -0.74 0.995 -1.43 1.63 

Trunk BMC 0.60 0.02 ± 0.05 1.08 0.886 1.60 8.08 

Region 1 fat 12.37 0.23 ± 0.49 1.87 0.992 1.51 3.92 

Region 2 fat 13.27 -0.03 ±0.41 -0.26 0.994 -0.27 3.09 

' h  =  1 0  

- x±SD 
P < 0.05 
**  p<om 



TABLE 5.2 
Reproducibility of repeated dual-eiiergy X-ray absorptiometry (DXA) measurements using Hologic QDR-450()A version 8.21 software' 

Mean of Two 
Measurements 

(kg) 

Mean Difference 
(kg) 

Mean Difference 
(%) 

r 1 CV 

Scale weight 97.09 0.00 ± 0.0003^ -0.06 0.999 -0.78 0.26 

DXA Total weight 101.17 0,00 ± 0.0006 1.23 0.996 0.00 0.38 

Fat mass 50.74 0.56 ± 0.60 1.10 0.999 2.94* 1.19 

Ami fat 3.66 -0.07 ±0.38 -1.99 0.941 -0.60 10.44 

Leg fat 9.11 -0.13 i 0.34 -1.38 0.991 -1.18 3.71 

Trunk fat 24.12 0.96 i 1.35 3.98 0.969 2.25 5.60 

Lean mass 50.42 -0.70 ±0.58 -1.39 0.997 -3.78** 1.16 

Arm lean 2.48 -0.05 ±0.13 -1.95 0.978 -1.22 5.06 

Leg lean 8.22 -0.14 ±0.16 -1.64 0.994 -2.66* 1.96 

Trunk lean 24.93 -0.32 ± 0.64 -1.29 0.987 -1.57 2.58 

Bone mineral content (BMC) 2.44 0.03 ± 0.05 1.04 0.990 1.75 1.89 

Ami BMC 0.17 0.00 ±0.01 -0.04 0.951 -0.03 3.79 

Leg BMC 0.44 0.00 ±0.01 -0.38 0.993 -0.69 1.76 

Trunk BMC 0.60 0.03 ± 0.04 5.05 0.899 2.15 7.45 

' / ; =  1 0  

^ x±SD 
* P < 0.05 
•* /'<0.01 



TABLE 5.3 
Comparison of duplicate dual-energy X-ray absorptiometry (DXA) measurements using Hologic QDR-4500A versions 8.1 a and 
8.21 software' 

Mean of Two 
Versions 

(kg) 

Mean Difference 
(kg) 

Mean Difference 
(%) 

r  I  CV 

Scale weight 97.09 0.00 ± 0.0003- -0.06 0.999 -0.78 0.26 

DXA Total weight 98.82 -4.69 i 1.77 -4.75 0.999 -8.40** 1.79 

Fat mass 49.70 -2.09 ±0.91 -4.21 0.999 -7.23** 1.84 

Arm fat 3.65 -0.01 ±0.04 -0.19 1.000 -0.58 1.04 

Leg fat 9.03 -0.16±0.12 -1.74 1.000 -4.28** 1.28 

Trunk fat 23.26 -1.72 ±0.68 -7.41 0.998 -7.96** 2.94 

Lean mass 49.12 -2.60 ± 0.92 -5.29 0.998 -8.96** 1.87 
Ann lean 2.47 -0.01 ±0.02 -0.46 1.000 -1.59 0.92 

Leg lean 8.12 -0.20 ± 0.09 -2.47 0.999 -6.89** 1.13 
Trunk lean 23.92 -2.03 ± 0.70 -8.50 0.996 -9.23** 2.91 

' ;i= 10 
- ±SD 
** /'<0.01 

Ox U> 
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total fat mass and total lean mass, software version 8.21 gave 4.2 and 5.3% higher values, 

respectively, except for arm fat and arm lean. The correlation between software versions was 

high for all variables with CV ranging from 0.92 to 2.94%. 

The mean differences in body composition in the control group (« = 21) calculated 

by the two software versions over 3 mo are shown in Table 5.4. Mean differences between 

baseline and 3 mo were not significant for software version 8.1a, except for trunk fat (P < 

0.05). There were no significant mean differences for any of the variables for software 

version 8.21. There was a high correlation between baseline and 3 mo measurements. The 

CV for software version 8.1a ranged from 1.7 to 5.6%. except for arm fat (12%) and arm lean 

(7%). The mean differences between baseline and 3 mo for the control group were not 

significant for any of the variables using software version 8.21. The CV for software version 

8.21 for all variables ranged from 1.7 to 5.4%, except for arm fat (10%) and arm lean (7%). 

The mean differences over 3 mo for the treatment group (« = 24) using two software 

versions are sunmiarized in Table 5.5. The mean differences between baseline and 3 mo for 

software versions 8.1a and 8.21 are significant for all variables {P < 0.05 and P < 0.01), 

except for trunk lean for version 8.1a. Differences for BMC and arm, leg and trunk BMC 

were not significant for either versions. High correlations for all variables were obtained for 

software version 8.1a with values ranging from 0.93 for arm lean to 0.99 for BMC and leg 

BMC. The CV for all variables for version 8.1a ranged from 1.4 to 7.4%. For software 

version 8.21 the correlations were above 0.94. The CVs for all variables for version 8.21 

ranged from 1.45 to 6.0%. except for arm fat (7.8%) and arm lean (7.8%). 
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TABLE 5.4 
Mean differences in body composition of control subjects over a 3-mo period measured by dual-energy 
X-ray absorptiometry (DXA) using Hologic QDR-4500A versions 8.1a and 8.21 software' 

Mean of Two 
Measurements 

(kg) 

Mean Difference 
(kg) 

Mean 
Difference 

(%) 
r t CV 

VERSION 8.1a 

Scale weight 99.89 -0.78 ± 1.83- -0.78 0.995 -1.95 1.83 
DXA Total weight 92.68 -0.39 ± 1.70 -0.42 0.994 -1.05 1.84 

Fat mass 47.91 -0.66 ± 1.47 -1.38 0.993 -2.05 3.07 
Arm fat 3.51 0.00 ± 0.42 0.01 0.913 0.01 11.98 
Leg fat 8.38 -0.11 ±0.39 -1.27 0.987 -1.23 4.72 
Tnmk fat 23.19 -0.44 ± 0.91 -1.90 0.988 -2.19* 3.94 

Lean mass 42.50 0.26 ± 1.54 0.60 0.961 0.76 3.62 
Arm lean 2.25 O.Ol ±0.16 0.52 0.939 0.34 6.97 
Leg lean 7.08 -0.05 ± 0.39 -0.73 0.942 -0.59 5.57 
Trunk lean 20.74 0.38 ±0.93 1.80 0.929 1.86 4.47 

BMC' 2.28 0.01 ±0.04 0.49 0.989 1.33 1.69 
Arm BMC 0.17 0.00 ±0.01 1.11 0.946 1.15 4.46 
Leg BMC 0.42 0.00 ±0.01 0.64 0.983 1.12 2.64 
Trunk BMC 0.59 -0.01 ±0.03 -1.15 0.967 -1.08 4.86 

VERSION 8.21 

Scale weight 99.89 -0.78 ± 1.83 -0.78 0.995 -1.95 1.83 
DXA Total weight 97.32 -0.34 ± 1.97 -0.35 0.993 -0.80 2.02 

Fat mass 50.16 -0.64 ± 1.52 -1.29 0.994 -1.94 3.04 
Arm fat 3.54 0.05 ± 0.36 1.53 0.942 0.70 10.15 
Leg fat 8.51 -0.15 ±0.46 -1.74 0.985 -1.47 5.39 
Trunk fat 25.07 -0.45 ± 0.99 -1.80 0.990 -2.06 3.97 

Lean mass 44.88 0.29 ± 1.66 0.64 0.964 0.79 3.70 
Arm lean 2.26 0.02 ±0.16 0.95 0.938 0.62 7.12 
Leg lean 7.25 -0.08 ± 0.38 -l.Il 0.951 -0.96 5.27 
Trunk lean 22.65 0.44 ± 1.07 1.94 0.934 1.90 4.74 

BMC 2.28 0.01 ±0.04 0.58 0.988 1.56 1.71 
Arm BMC 0.17 0.00 ±0.01 1.80 0.955 2.03 4.09 
Leg BMC 0.42 0.00 ±0.01 0.58 0.984 1.01 2.62 
Trunk BMC 0.59 0.00 ± 0.03 -0.77 0.968 -0.74 4.73 

I'm rx, 

' Bone mineral content 
* P< 0.05 
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TABLE 5.5 
Mean differences in body composition of weight loss intervention subjects over a3-mo period measured 
by dual-energy X-ray absorptiometry (DXA) using Hologic QDR-4500A versions 8.1a and 8.21 
software' 

Mean of Two 
Measurements 

(kg) 

Mean Difference 
(kg) 

Mean 
Difference 

{%) 
r t CV 

VERSION 8.1a 
Scale weight 91.91 6.78 ± 3.09- 7.12 0.984 10.74* 3.37 
DXA Total weight 85.97 5.99 ±2.41 6.74 0.987 12.20* 2.80 

Fat mass 42.66 5.04 ±2.11 11.15 0.979 11.71* 4.94 
Arm fat 3.04 0.25 ± 0.23 7.87 0.981 5.41* 7.43 
Leg fat 7.65 0.85 ± 0.45 10.53 0.978 9.36* 5.82 
Trunk fat 20.33 2.80 ± 1.13 12.87 0.984 12.08* 5.58 

Lean mass 41.14 0.94 ± 1.49 2.27 0.965 3.10* 3.62 
Arm lean 2.09 0.07 ±0.16 3.51 0.932 2.29* 7.64 
Leg lean 6.79 0.25 ±0.35 3.58 0.966 3.45* 5.17 
Trunk lean 20.31 0.26 ± 0.87 1.26 0.941 1.45 4.28 

BMC' 2.17 0.01 ±0.04 0.55 0.996 1.55 1.73 
Arm BMC 0.15 0.00 ±0.01 0.84 0.979 0.97 4.25 
Leg BMC 0.40 0.00 ±0.01 0.34 0.997 1.16 1.45 
Trunk BMC 0.54 0.01 ±0.03 1.18 0.978 1.23 4.76 

VERSION 8.21 
Scale weight 91.91 6.78 ±3.09 7.12 0.984 10.74** 3.37 
DXA Total weight 89.63 6.93 ± 2.73 7.45 0.986 12.45** 3.04 

Fat mass 44.31 5.59 ± 2.26 11.87 0.979 12.13** 5.10 
Arm fat 3.00 0.25 ± 0.24 8.09 0.981 5.26** 7.85 
Leg fat 7.77 0.90 ± 0.46 10.98 0.977 9.55** 5.96 
Trunk fat 21.80 3.24 ± 1.24 13.83 0.975 12.83** 5.67 

Lean mass 43.16 1.33 ± 1.64 3.03 0.967 3.96** 3.81 
Arm lean 2.08 0.08 ±0.16 3.82 0.940 2.45** 7.79 
Leg lean 6.93 0.29 ± 0.37 4.13 0.968 3.92** 5.27 
Trunk lean 21.96 0.53 ± 0.99 2.40 0.947 2.64* 4.50 

BMC 2.17 0.01 ±0.04 0.56 0.996 1.58 1.73 
Arm BMC 0.15 0.00 ±0.01 0.92 0.979 1.06 4.28 
Leg BMC 0.40 0.00 ±0.01 0.34 0.997 1.16 1.45 
Trunk BMC 0.54 0 01 ±om 1.25 0.977 1.30 4.75 

'.vsh* 

' Bone mineral content 
* P<0.05 

/><0.01 
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Mean differences between scale and DXA weights for the two software versions at 

baseline and 3 mo are shown in Table 5.6. The percentage mean difference for both software 

versions was significant at baseline and 3 mo. However, software version 8.21 gave smaller 

percentage mean differences compared to software version 8.1a. Scale and DXA weights 

were highly correlated at both timepoints and for both software versions. The CV ranged 

from 2.68 to 3.0% for software version 8.1a, and from 0.89 to 1.44% for software version 

8.21. 

The agreement between software versions is presented in Figures 5.1 to 5.4. These 

Bland and Altman (55) plots demonstrate a lack of agreement between scale and DXA 

weights at baseline and 3 mo, especially for software version 8.1a. 

Discussion 

An advantage provided by the fan beam DXA technology present in the Hologic 

QDR-4500A instrument is short scan time. Blake et al (18) focused the significance of fan 

beam geometry for in vivo DXA studies of the spine and hip bone density. Pencil beam 

studies were performed using the QDR-2000 and QDR-1000 instruments with essentially 

identical scarming geometry and the observed differences between instruments reflected 

differences in calibration and rzindom measurement errors. 

The present study used the fan beam Hologic QDR-4500A DXA instrument to 

determine measurement precision with postmenopausal women and to compare the body 

composition results calculated using two versions of software, the original version 8. la and 

the updated version 8.21. Except for lean mass, there was no difference between duplicate 



TABLE 5.6 
Comparison of total weight for all subjects measured by dual-energy X-ray absorptiometry (DXA) measurements using Hologic 
QDR-4500A versions 8.1a and 8.21 software and scale weight at baseline and after 3 months 

Time 

Mean of Total 
DXA and Scale 

Weights 
(kg) 

Mean Difference 
(kg) 

Mean Difference 
(%) 

r t CV 

VERSION 8.1a 
Baseline {n = 49) 93.73 -6.71 ±2.51' -7.16 0.999 -18.68** 2.68 
3 mo (/? = 45) 90.80 -6.41 ±2.90 -7.06 0.998 -14.83** 3.20 

VERSION 8.21 

Baseline (« = 45) 96.17 -2.37 ±0.85 -2.46 0.999 -18.664** 0.89 
3 mo (/J = 45) 92.73 -2.55 ± 1.34 -2.75 0.999 -12.84** 1.44 

'  ±SD 
**P<0 .01  
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FIGURE 5.1. Scatter diagram of imermethod differences at baseline between dual-

energy X-ray absorptiometry-estimated weight (software version 8.21) and scale-measured 

weight (Y-axis) plotted against the averages of the two measurements (X-axis). Horizontd 

lines are drawn at the mean difference and at the mean difference plus and minus 1.96 times 

the SD of the differences (55). 
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FIGURE 5.2. Scatter diagram of intermethod differences at baseline between dual-

energy X-ray absorptiometry-estimated weight (software version 8.1a) and scale-measured 

weight (Y-axis) plotted against the averages of the two measurements (X-axis). Horizontal 

lines are drawn at the mean difference and at the mean difference plus and minus 1.96 times 

the SD of the differences (55). 
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FIGURE 5.3. Scatter diagram of intermethod differences at 3 mo between dual-

energy X-ray absorptiometry-estimated weight (software version 8.21) and scale-measured 

weight (Y-axis) plotted against the averages of the two measurements (X-axis). Horizontal 

lines are drawn at the mean difference and at the mean difference plus and minus 1.96 times 

the SD of the differences (55). 
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FIGURE 5.4. Scatter diagram of intermethod differences at baseline between dual-

energy X-ray absorptiometry-estimated weight (software version 8.1a) and scale-measured 

weight (Y-axis) plotted against the averages of the two measurements (X-axis). Horizontal 

lines are drawn at the mean difference and at the mean difference plus and minus 1.96 times 

the SD of the differences (55). 
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scans (« = 10) using software version 8.1a; there was a -1.47% difference in lean mass 

between the first and second scan. When the data were re-calculated using software version 

8.21, differences between first and second scans occurred in fat mass (1.10%, P < 0.05), lean 

mass (-1.39%, Z' < 0.01) and leg lean mass (-1.64%, P < 0.05) (Table 5.2). The CVs for 

versions 8.1a and 8.21 were comparable: 1.35 and 1.19% for fat mass, 1.38 and 1.16% for 

lean mass, and 2.03 and 1.89% for BMC, respectively. Sofbvare version 8.21 provided 

higher values for all variables, except for arm fat and arm lean mass, than version 8.1a. 

Svendsen (57) reported CVs of 4.6% for fat mass, 1.5% for lean mass, and 0.9% for 

BMC based on two measurements by a Lunar (pencil beam) scanner (software version 3.2) 

within a day on six adults. Except for BMC, lower variation was obtained with the fan beam 

Hologic QDR-4500A instrument used in the present study, regardless of the software version 

used for the calculations of body composition (Tables 5.1 and 5.2). 

CVs of 12.6% for arm fat, 8.2% for leg fat, 8.4% for trunk, fat, and 8.2% for total fat 

mass were reported by Mazess et al (10) using a Lunar (pencil beam) scanner at medium and 

high speeds for five measurements within a 7-d period on 12 subjects (6 male, 6 female). 

Again, regardless of the software version used or the body composition calculations, lower 

CVs (in particular, 1.4% for total fat) were obtained based on two measurements within one 

day in our study (Tables 5.1 and 5.2). For lean tissue Mazess et al (10) reported CVs of 4.2% 

(arm), 2.2% (leg), 2.5% (trunk) and 1.8% (total lean). Comparable CVs were obtained for 

regional and total lean tissue in our study (Tables 5.1 and 5.2). 

Spector et al (14) reported on short term in vivo precision and absolute measurements 

of three combinations of whole body scan modes and analysis software using the Hologic 
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QDR-2000 (pencil and fan beam) instrument. Using enhanced software version 5.54 for the 

Hologic QDR-2000 fan beam instrument their CVs were: fat mass, 5.6%; lean mass, 1.9%; 

and BMC. 0.9%. Using software version 8. la with the Hologic QDR-4500A instrument in 

our study, variability was lower for fat mass (1.3%) and lean mass (1.4%), but higher for 

BMC (2.0%). The comparisons are similar results for software version v.8.21 (Tables 5.1 

and 5.2). 

Because the control subjects maintJiined body weight (98.7I±1.76 kg), the variation 

in body composition observed over the 3-mo period can be used as a measure of long term 

(between day) variability. The only body composition difference observed in the control 

subjects was a decrease (-1.90%) in trunk fat with software version 8.1a. The CVs for both 

software versions show that all variables vary from 1.7% to 5.6%, except for arm fat (12%) 

and arm lean (7%). These results over 3 mo are comparable to CVs for trial to trial 

variations for fat weight (Tables 5.1 and 5.2), and somewhat higher for CVs of trial to trial 

for lean weights (Tables 5.1 and 5.2). 

Significant changes in body composition between baseline and 3 mo were observed 

for the subjects who received drug and diet intervention. Software version 8.1a did not 

detect a significant change in trunk lean mass (1.3%), whereas software version 8.21 did 

(2.4%). In general both software versions were able to detect body composition changes over 

the 3-mo period; however, the newer version 8.21 produced slightly greater differences. 

Neither software version detected a BMC change. Comparable CVs were obtained for fat, 

lean and BMC with both software versions. 
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There were significant differences between scale weight and total weight by DXA 

with both software versions. The percentage mean difference was greater for version 8.1a 

(6.7% higher at baseline) compared to version 8.21 (2.4% lighter). The version 8.21 

software also produced a smaller variability between scale and total DXA weights. At 

baseline the CV for software version 8.1a was larger (2.68%) than for software version 8.21 

(0.89%). At 3 mo the CV was again larger for software version 8.1a (3.2%) compared to 

software version 8.21 (1.44%). This variability may be due in part to the size of the subjects. 

Four subjects' right arms extended outside the detection area of the scanner which would 

contribute to a greater difference in scale and DXA total weight, regardless of software 

version. The Bland and Altman (55) plots (Figures 5.1 to 5.4) confirm that the error in 

software version 8.1a produces greater variability, especially for the heavier subjects, 

compared to software version 8.21. 

In conclusion, using software version 8.21 for body composition calculations 

produces higher fat, lean and total weights than software version 8.1a. Total weight obtained 

using software version 8.21 is closer to scale weight with considerably less variability. 

Reproducibility of all variables between software versions is comparable. Both versions of 

the software yield similar magnimde body composition changes over 3 mo in the women 

receiving weight loss treatment. 
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the IRB. This decision includes the following determinations: 

1. Risk to research subjects: Minimal 
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3. Conditions of approval are: <None Spectfied> 

Consent Form 
If a written consent form is required, approval will be Indicated by the affixed IRB approval stamp. This 
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following completion of the study. 
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jqnda university 

School of Puitic Health Loma Linda, California 92350 
(909) 824-4546 

FAX: (909) 824-4087 
Informed Consent for Control Subjects 

TITLE OF PROJECT: 
A PROSPECTIVE STUDY ON A WEIGHT CONTROL PROGRAMS AND ITS 
IMPACT ON REGIONAL AND TOTAL BODY COMPOSITION IN 
POSTMENOPAUSAL WOMEN. 

INVESTIGATORS: Zaida Cordero - Maclntyre Nutrition Department, School of Public 
Health. 
Warren Peters MD.Director of the Center for Health Promotion.. 
Cesar Libanati MD. Osteoporosis Center, School of Medicine, Loma Linda University 
and Jerry Pettis Veterans Administration. 
Timothy Lohman Ph.D. Chairman of Exercise and Sport Sciences Physiology Department 
School of Medicine,University of Arizona. 
Wanda Howell Ph.D. Nutritional Sciences University of Arizona. 
Maria Luz Fernandez Ph.D. University of Connecticut 

PURPOSE AND PROCEDURES: 
I have been invited to participate in a research study as a control and a subject of 
FASTIN (Phenenteremine) wight control program. The purpose of this research is to find 
out this weight control program affects regional and total body composition. Insulin, HDL 
cholesterol, LDL cholesterol, triglycerides, cholesterol / HDL ratio in postmenopausal 
women. My involvement in this study will last 9 months. 
For the first 3 months I will not receive any weight control treamient. At the third month 1 
will cross over the treatment group and receive weight control treatment consisting of 
FASTIN for 6 months. 

By becoming part of this study I am giving permission for: 

1) Data collection about ray participation in the study to be included in the research. 
2) In addition to my weight control appointments, I will go to either the School of Public 
Health Nutrition department or the Center for Health Promotion for a blood drawing. This 
will occur 8 times: the initial visit, 5 tablespoons of blood; one week later, only one 
tablespoon; at 3 months, 5 tablespoons followed by one tablespoon a week later; at 6 
months, 5 tablespoons followed by one tablespoon a week later; and at 9 months 5 
tablespoons, plus one tablespoon a week later. 
Of the blood drawn approximately one tablespoon will be sent to the City of Hope Medical 
Center for genetic studies of obesity, and two tablespoons will be sent to the University of 
Connecticut for lipid (fat and cholesterol) studies. 
3) I will have eight to ten Dual X-ray absorptiometry (DXA) scans of the body. This 
technique measures body composition (lean body mass, fat, bone mineral density, bone 
mass). DXA is similar to having a low radiation X-ray of the whole body. I will need to 
keep appointments at the Loma Linda University Osteoporosis Center where the DXA 
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scans are performed. Each appointment takes approximately 30 minutes, the scan itself 
takes approximately 3-4 minutes. To have the scan I will need to lie on a table.This 
procedure is not experimental since DXA is used in clinical practice. 
4) Skinfold, and body circumference measurements will be taken,ihis will be done on four 
different occasions during ray medical appointments. 
5) I will be asked to collect 2 samples of saliva in one day, for tests of Cortisol which is a 
substance that may be involved in eating behavior. I will be given mailers to return the 
containers with saliva to the Center of Health Promotion at Loma Linda University. 

I understand that my participation in the study assumes I will remain in the study for at least 
nine months, including keeping all routine medical appointments. 

RISKS AND DISCOMFORTS: 
Any risks relating to the weight loss program itself have been explained to me. 
I imderstand the risks of DXA scan involves exposure to small amounts of radiation, which 
otherwise would be unnecessary. DXA radiation equals to I / 20*^ the amount of radiation 
exposure of a typical chest X-ray. While having the scan performed I will be lying flat on 
my back on a special table which may cause discomfort I will need to remove my outer 
clothing. 

I understand that the risks of obtaining a blood sample will be minimal with the use of 
carefiil technique. Pain and minor bruising at the site of the needle insertion and possible 
lightheadedness upon arising after the blood draw are possible complications of blood 
drawing. 

Skinfold measurements involve "pinching" a fold of the skin and the fat under the skin with 
a caliper. This will be done on the right upper back, the back of the upper right arm, the 
abdomen and above the hip. This procedure may be considered slighdy uncomfortable or 
some. I understand that for these procedures I need to remove my outer clothing. 

The Committee at Loma Linda University that reviews htmian studies 
(Institutional Review Board) has determined that participating in this study exposes me to 
minimal risk. 

BENEFITS: 
By having the assessment required of the study (DXA scan, blood tests), the personal 
h^th care provider that I designate may have additional information about my health risk 
as it relates to obesity. It is hoped that the results of this research will give medical science 
insight on the effect of weight loss in disease prevention. 

PARTICIPANT RIGHTS: 
I have been told that participation in this study is voluntary. My decision whether or not to 
participate or terminate at any time will not affect my present or future medical care. 

CONFIDENTIALITY: 
I have been told that any published document resulting from this study will not disclose my 
identity. All data involving the results of my participation will be kept in patient records at 
the Center for Health Promotion. 

ADDITIONAL COSTS: 
I and my insurance company are responsible for the costs related to routine medical 
treatment There will be no costs to me for any of the research tests and for the weight 
control program (Fastin) for the study (i.e. scans, and blood tests) 
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REIMBURSEMENT: 
There is no reimbursement to me for participating in tliis study. 180 

IMPARTIAL TfflRD PARTY CONTACT: 
I have been told that if I wish to contact an impartial third party not associated with this 
study regarding any complaint I may have about the study, I may contact Jean Fankhanel, 
Patient Representative, L^ma Linda University Medical Center, Loma Linda. CA 92354, 
phone (909) 824 - 4647 for information assistance. 

INFORMED CONSENT STATEMENT: 
I have read the contents of the consent form and have listened to the verbal explanation 
given by the investigator. My questions concerning this study have been answered to my 
satisfaction. I hereby give voluntary consent to participate in this study. Signing this 
consent document does not waive my rights nor does it release the investigators, 
institution, or sponsors from their responsibilities. I may call Zaida Cordero - Maclntyre at 
(909) 796-7311 exL 4-7172, Dr. Warren Peters at (909) 824-4594, Dr. Cesar Libanati at 
(909) 825-7084, or one of their associates during routine office hours, if I have additional 
questions. I have been given a copy of this consent form. 

SIGNATURES 

Subject's Name (Please print) 

Signature of Subject Date 

Signature of Wimess Date 

I have reviewed the contents of the consent form with the person signing above. I have 
explained potential risks and benefits of the study. 

Telephone (909) 796-7311 exL 4-7172 
Date 

Subject's Initials Date 

page 3 of 3 

flPPBDUra 

LOMH LINDR UNIUERSITV 
INSTITUTIONRL REUIEUI BORRO 



181 

REFERENCES 

1. Walton C. Lees B, Crook D, Worthington M, Godsland IF, Stevenson JC. Body fat 
distribution, rather than overall adiposity, influences serum lipids and lipoproteins in 
healthy men independently of age. Am J Med 1995;99:459-64. 

2. Kaye SA, Folsom AR, Soler JT, Prineas RJ, Potter JD. Associations of body mass 
index and fat distribution with sex hormone concentrations in postmenopausal women. 
Int J Epidemiol 1991 ;20:151 -6. 

3. Ballard-Barbash, R. Anthropometry and breast cancer. Body size—a moving target. 
Cancer 1994;74(suppl 3):1090-1100. 

4. Despres JP, Mooijani S, Ferland M, Tremblay A, Lupien PJ, Nadeau A, Pinault S, 
Theriault G, Bouchard C. Adipose tissue distribution and plasma lipoprotein levels in 
obese women. Importance of intra-abdominal fat. Arteriosclerosis 1989;9:203-10. 

5. Fujioka S, Matsuzawa Y, Tokunaga K, Kawamoto T, Kobatake T, Keno Y, Kotani K, 
Yoshida S, Tarui S. Improvement of glucose and lipid metabolism associated with 
selective reduction of intra-abdominal visceral fat in premenopausal women with 
visceral fat obesity. Int J Obes 1991;15:853-9. 

6. DeFronzo RA, Ferrannini E. Insulin resistance. A multifaceted syndrome responsible 
for NIDDM, obesity, hypertension, dyslipidemia, and atherosclerotic cardiovascular 
disease. Diabetes Care 1991;14:173-94. 

7. Considine RV, Sinha MK, Heiman ML, Kriauciunas A, Stephens TW, Nyce MR, 
Ohannesian JP, Marco CC, McKee LJ, Bauer TL, Caro JF. Senmi immunoreactive-
leptin concentrations in normal-weight and obese humans. N Engi J Med 
1996;334:292-5. 

8. Pietrobelli A, Formica C, Wang Z, Heymsfield SB. Dual-energy X-ray absorptiometry 
body composition model: review of physical concepts. Am J Physiol 1996;271:E94l-
51. 

9. Kelly TL, Berger N, Richardson TL. DXA body composition: theory and practice. Appl 
Radiat Isot 1998;49:511-3. 

10. Mazess RB, Barden HS, Bisek JP, Hanson J. Dual-energy X-ray absorptiometry for 
total-body and regional bone-mineral and soft-tissue composition. Am J Clin Nutr 
1990;51:1106-12. 



182 

11. Johnson J, Dawson-Hughes B. Precision and stability of dual-energy X-ray 
absorptiometry measurements. Calcif Tissue Int 1991;49:174-8. 

12. Hansen NJ, Lohman TG, Going SB, Hzill MC, Pamenter RW, Bare LA, Boyden TW, 
Houtkooper LB. Prediction of body composition in premenopausal females from dual-
energy X-ray absorptiometry. J AppI Physiol 1993;75:1637-41. 

13. Jensen MD, Kanaley JA, Roust LR, O'Brien PC, Braun JS, Dunn WL, Wahner HW. 
Assessment of body composition with use of dual-energy X-ray absorptiometry: 
evaluation and comparison with other methods. Mayo Clin Proc 1993;68:867-73. 

14. Spector E, Leblanc A, Shackelford L. Hologic QDR 2000 whole-body scans: a 
comparison of three combinations of scan modes and anzilysis software. Osteoporos Int 
1995;5:440-5. 

15. Chen Z, Lohman TG, Stini WA, Ritenbaugh C, Aickin M. Fat or lean tissue mass: 
which one is the major determinant of bone mineral mass in healthy postmenopausal 
women? J Bone Miner Res 1997;12:144-51. 

16. Economos CD, Nelson ME, Fiatarone MA, Dallal GE, Heymsfield SB, Wang J, 
Yasimiara S, Ma R, Vaswani AN, Russell-Aulet M, Pierson RN. A multi-center 
comparison of dual energy X-ray absorptiometers: in vivo and in vitro soft tissue 
measurement. Eur J Clin Nutr 1997;51:312-7. 

17. Thomsen TK, Jensen VJ, Henriksen MG. In vivo measurement of human body 
composition by dual-energy X-ray absorptiometry (DXA). Eur J Surg 1998; 164:133-7. 

18. Blake GM, Parker JC, Buxton FM, Fogelman 1. Dual X-ray absorptiometry: a 
comparison between fan beam and pencil beam scans. Br J Radiol 1993;66:902-6. 

19. TumerP.Dexfenfluramine. Its place in weight control. Drugs 1990;39(Suppl 3):53-62. 

20. Vague J, Vague P, Meignen J-M, Jubelin J, Tramoni M. Android and gynoid obesities, 
past and present. In: Vague J, Bjoratorp P, Guy-Grand B, Rebuffe-Scribe N, Vague P, 
eds. Metabolic Complications of Human Obesities. Proceedings of the 6th International 
Meeting of Endocrinology, Marseille, 30 May-1 June 1985. Amsterdam: Exerpta 
Medica 1985:3-11. 

21. Larsson B. Svardsudd K, Welin L, Wilhehnsen L, Bjomtorp P, Tibblin G. Abdominal 
adipose tissue distribution, obesity, and risk of cardiovascular disease and death: 13 
yeeir follow up of participants in the study of men bom in 1913. Br Med J (Clin Res Ed) 
1984;288:1401-4. 



183 

22. Burchfiel CM, Shetterly SM, Baxter J, Hamman RF. The roles of insulin, obesity, and 
fat distribution in the elevation of cardiovascular risk factors in impaired glucose 
tolerance. The San Luis Valley Diabetes Study. Am J Epidemiol 1992; 136:1101-9. 

23. Peiris AN, Sothmann MS, HofBnann RG, Hennes MI, Wilson, CR, Gustafson AB, 
Kissebah AH. Adiposity, fat distribution, and cardiovascular risk. Ann Intern Med 
1989;110:867-72. 

24. Ferrannini E, HafEher SM, Stem MP, Mitchell BD, Natali A, Hazuda, HP, Patterson 
JK. High blood pressure and insulin resistance: influence of ethnic background. Eur J 
Clin Invest 1991;21:280-7. 

25. Despres JP, Nadeau A, Tremblay A, Ferland M, Mooijani S, Lupien PJ, Theriault G. 
Pinault, Bouchard C. Role of deep abdominal fat in the association between regional 
adipose tissue distribution and glucose tolerance in obese women. Diabetes 
1989;38:304-9. 

26. Karter AJ, Mayer-Davis EJ, Selby JV, D'Agostino RBJ, Haf&er SM, Sholinsky P, 
Bergman R, Saad MF, Hamman RF. Insulin sensitivity and abdominal obesity in 
African-American, Hispanic, and non-Hispanic white men and women. The Insulin 
Resistance and Atherosclerosis Study. Diabetes 1996;45:1547-55. 

27. Haf&ier SM, Stem MP, Hazuda HP, Pugh J, Patterson JK. Do upper-body and 
centralized adiposity measure different aspects of regional body-fat distribution? 
Relationship to non-insulin-dependent diabetes mellitus, lipids, and lipoproteins. 
Diabetes 1987;36:43-51. 

28. Despres JP, Ferland M, Mooijani S, Nadeau A, Tremblay A, Lupien PJ, Theriault G, 
Bouchard C. Role of hepatic-triglyceride lipase activity in the association between 
intra-abdominal fat and plasma HDL cholesterol in obese women. Arteriosclerosis 
1989;9:485-92. 

29. Fujioka S, Matsuzawa Y, Tokunaga K, Tarui S. Contribution of intra-abdominal fat 
accumulation to the impairment of glucose and lipid metabolism in human obesity. 
Metabolism 1987;36:54-9. 

30. Bjomtorp P. "Portal" adipose tissue as a generator of risk factors for cardiovascular 
disease and diabetes. Arteriosclerosis 1990;10:493-6. 

31. Bjomtorp P. Classification of obese patients and complications related to the 
distribution of surplus fat. Am J Clin Nutr 1987;45(Suppl 5):1120-5. 



184 

32. Blair D, Habicht JP, Sims EA, Sylwester D, Abraham S. Evidence for an increased risk 
for hypertension with centrally located body fat and the effect of race and sex on this 
risk. Am J Epidemiol 1984; 119:526-40. 

33. Wadden TA, Stunkard AJ, Johnston FE, Wang J, Pierson RN, Van Itallie TB, Costello 
E, Pena M. Body fat deposition in adult obese women. II. Changes in fat distribution 
accompanying weight reduction. Am J Clin Nutr 1988;47:229-34. 

34. Peeples LH, Carpenter JW, Israel RG, Barakat HA. Alterations in low-density 
lipoproteins in subjects with abdominal adiposity. Metabolism 1989;38:1029-36. 

35. MacDougald OA, Hwang CS, Fan H, Lane MD. Regulated expression of the obese 
gene product (leptin) in white adipose tissue and 3T3-L1 adipocytes. Proc Natl Acad 
Sci USA 1995;92:9034-7. 

36. Saladin R, De Vos P, Guerre-Millo M, Leturque A, Girard J, Staels B, Auwerx J. 
Transient increase in obese gene expression after food intake or insulin administration. 
Nature 1995;377:527-9. 

37. Keim NL, Stem JS, Havel PJ. Relation between circulating leptin concentrations and 
appetite during prolonged, moderate energy deficit in women. Am J Clin Nutr 
1998;68:794-801. 

38. Dubuc GR, Phinney SD, Stem JS, Havel PJ. Changes of serum leptin and endocrine 
and metabolic parameters after 7 days of energy restriction in men and women. 
Metabolism 1998;47:429-34. 

39. Montague CT, Farooqi IS, Whitehead JP, Soos MA, Rau H, Wareham NJ, Sewter CP, 
Digby JE. Mohammed SN, Hurst JA, Cheetham CH, Earley AR, Bamett AH, Prins JB, 
O'Rahilly S. Congenital leptin deficiency is associated with severe early-onset obesity 
in humans. Nature 1997;387:903-8. 

40. Perusse L, Collier G, Gagnon J, Leon AS, Rao DC, Skirmer JS, Wilmore JH, Nadeau 
A, Zimmet PZ, Bouchard C. Acute and chronic effects of exercise on leptin levels in 
humans. J Appl Physiol 1997;83:5-10. 

41. Hickey MS, Houmard JA, Considine RV, Tyndall GL, Midgette JB, GaviganKE, 
Weidner ML, McCammon MR, Israel RG, Caro JF. Gender-dependent effects of 
exercise training on serum leptin levels in humans. Am J Physiol l997;272:E562-6. 

42. Lohman TG. Dual energy X-ray absorptiometry. In: Roche AF, Heymsfield AS, 
Lohman TG, eds. Human Body Composition. Champaign, IL: Human Kinetics 
1996:63-78. 



43, 

44. 

45. 

46. 

47. 

48, 

49. 

50, 

51. 

52, 

53, 

54 

55 

185 

Going SB, Pamenter RW, Lohman TG, Carswell C, Westfall CH, Perry CD, Boyden 
TW. Estimation of total body composition by regional dual photon absorptiometry. Am 
J Hum Biol 1990;2:703-10. 

Gotfredsen A, Jensen J, Borg J, Christiansen C. Measurement of lean body mass and 
total body fat using dual photon absorptiometry. Metabolism 1986;35:88-93. 

Heymsfield SB, Wang J, Heshka S, Kehayias JJ, Pierson, RN. Dual-photon 
absorptiometry: comparison ofbone mineral and soft tissue mass measurements in vivo 
with established methods. Am J Clin Nutr 1989;49:1283-9. 

Mazess RB, Peppier WW, Gibbons M. Total body composition by dual-photon ('^^Gd) 
absorptiometry. Am J Clin Nutr 1984;40;834-9. 

Wang J, Heymsfield SB, Aulet M. Thornton JC, Pierson RN, Jr. Body fat from body 
density: underwater weighing vs. dual-photon absorptiometry. Am J Physiol 
1989;256:E829-34. 

Griffiths MR, Noakes KA, Pocock NA. Correcting the magnification error of fan beam 
densitometers. J Bone Miner Res 1997;12:119-23. 

Anonymous. QDR4500 Body Composition Option. User's Guide. DocumentNo. 080-
0469 Revision A. Waltham, MA: Hologic, Inc. 

Anonymous. Expert®-XL. Product Information. Madison, WI: Lunar Corporation. 

Clark RR, Kuta JM, Sullivan JC. Prediction of percent body fat in adult males using 
dual energy X-ray absorptiometry, skinfolds, and hydrostatic weighing. Med Sci Sports 
Exerc 1993;25:528-35. 

Jackson AS, Pollock ML. Practical assessment of body composition. Physician Sports 
Med 1985;13:76-90. 

Lohmzin TG, Roche AF, Martorell R. Anthropometric Standardization Reference 
Manual. Champaign, IL: Human Kinetics Books, 1988. 

Tothill P, Avenell A. Errors in dual-energy X-ray absorptiometry of the lumbar spine 
owing to fat distribution and soft tissue thickness during weight change. Br J 
Radioll994;67:71-5. 

Bland JM, Altman DG. Statistical methods for assessing agreement between two 
methods for clinical measurement. Lancet 1986;8:307-10. 



186 

56. Wellens R, Chumlea WC, Guo S, Roche AF, Reo NV, Siervcgel RM. Body 
composition in white adults by dual-energy X-ray absorptiometry, densitometry, and 
total body water. Am J Clin Nutr 1994;59:547-55. 

57. Svendsen OL, Haarbo J, Hassager C, Christiansen C. Accuracy of measurements of 
body composition by dual-energy X-ray absorptiometry in vivo. Am J Clin Nutr 
199'3;57:605-8. 

58. Milliken LA, Going SB, Lohman TG. Effects of variations in regional composition on 
soft tissue measurements by dual-energy X-ray absorptiometry. Int J Obes Relat Metab 
Disord 1996;20:677-82. 

59. Kohrt WM. Preliminary evidence that DEXA provides an accurate assessment of body 
composition. J Appl Physiol 1998;84:372-7. 

60. Going SB, Massett MP, Hall MC, Bare LA, Root PA, Williams DP, Lohman TG. 
Detection of small changes in body composition by dual-energy X-ray absorptiometry. 
Am J Clin Nutr 1993;57:845-50.' 

61. Pietrobelli A, Wang ZM, Formica C, Heymsfield SB. Dual-energy X-ray 
absorptiometry: fat estimation errors due to variation in soft tissue hydration. Am J 
Physiol 1998;274:E808-16. 

62. Barthe N, Braillon P, Ducassou D, Basse-Cathalinat B. Comparison of two Hologic 
dxa systems (QDR 1000 and QDR 4500/A). Br J Radiol 1997;70:728-39. 

63. Sardinha LB, Lohman TG, Teixeira PJ, Guedes DP, Going SB. Comparison of air 
displacement plethysmography with dual-energy X-ray absorptiometry and 3 field 
methods for estimating body composition in middle-aged men. Am J Clin Nutr 
1998;68:786-93. 

64. Lohman T, Going S, Pamenter R, Hall M, Boyden T, Houtkooper L, Ritenbaugh C. 
Bare L, Hill A, Aickin M. Effects of resistance training on regional and total bone 
mineral density in premenopausal women: a randomized prospective study. J Bone 
Miner Res 1995;10:1015-24. 

65. Nordstrom P, Nordstrom G, Lorentzon R. Correlation of bone density to strength and 
physical activity in young men with a low or moderate level of physical activity. Calcif 
Tissue Int 1997;60:332-7. 

66. Kohrt WM, Ehszmi AA, Birge SJ. Jr. HRT preserves increases in bone mineral density 
and reductions in body fat after a supervised exercise program. J Appl Physiol 
1998;84:1506-12. 



187 

67. Tataranni PA, Ravussin E. Use of dual-energy X-ray absorptiometry in obese 
individuals. Am J Clin Nutr 1995;62:730-4. 

68. Svendsen OL. Hassager C, Bergmann I, Christiansen C. Measurement of abdominal 
and intra-abdominal fat in postmenopausal women by dual energy X-ray 
absorptiometry and anthropometry: comparison with computerized tomography. Int J 
Obes Relat Metab Disord 1993;17:45-51. 

69. Jensen MD, Kanaley JA, Reed JE, Sheedy PF. Measurement of abdominal and visceral 
fat with computed tomography and dual-energy X-ray absorptiometry. Am J Clin Nutr 
1995;61:274-8. 

70. Fogelholm GM. Sievanen HT. van Marken Lichtenbelt WD, Westerterp KR. 
Assessment of fat-mass loss during weight reduction in obese women. Metabolism 
1997;46:968-75. 

71. Segal KR, Van Loan M, Fitzgerald PI. Hodgdon JA, Van Itallie TB. Lean body mass 
estimation by bioelectrical impedance analysis: a four-site cross-validation study. Am 
J Clin Nutr 1988;47:7-14. 

72. Podenphant J, Gotfredsen A, Engelhart M, Andersen V, Heitmann BL, Kondrup J. 
Comparison of body composition by dual energy X-ray absorptiometry to other 
estimates of body composition during weight loss in obese patients with rheumatoid 
arthritis. Scand J Clin Lab Invest 1996;56:615-25. 

73. Pritchard JE, Nowson CA, Wark JD. A worksite program for overweight middle-aged 
men achieves lesser weight loss with exercise than with dietary change. J Am Diet 
Assoc 1997;97:37-42. 

74. Hendel HW, Gotfredsen A, Hojgaard L, Andersen T, Hilsted. Change in fat-free mass 
assessed by bioelectrical impedance, total body potassium and dual energy X-ray 
absorptiometry during prolonged weight loss. Scand J Clin Lab Invest 1996;56:671-9. 

75. Hendel HW, Gotfredsen A, Andersen T, Hoj gaard L, Hilsted. Body composition during 
weight loss in obese patients estimated by dual energy X-ray absorptiometry and by 
total body potassium. Int J Obes Relat Metab Disord 1996;20:1111-9. 

76. Physicians' Desk Reference® (PDR®), 51st ed. Montvale, NJ: Medical Economics 
Data Production Company, 1997. 

77. Allain CC, Poon LS, Chan CS, Richmond W, Fu PC. Enzymatic determination of total 
serum cholesterol. Clin Chem 1974;20:470-5. 



188 

78. Wamick GR, Benderson J, Albers JJ. Dextran sulfate-Mg2+ precipitation procedure 
for quantitation of high-density-lipoprotein cholesterol. Clin Chem 1982;28:1379-88. 

79. Wamick RS, Teng LE. Analytical procedures for measurement of the lipid and 
lipoproteins in cardiovascular risk assessment. In; Spiller G A, ed. Handbook of Lipids 
in Human Nutrition. Boca Raton, FL; CRC Press, Inc. 1996:21-35. 

80. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. 
Clin Chem 1972;18:499-502. 

81. Carr TP, Andresen CJ, Rudel LL. Enzjonatic determination of triglyceride, free 
cholesterol, and total cholesterol in tissue lipid extracts. Clin Biochem 1993;26:39-42. 

82. Ballard-Barbash R, Schatzkin A, Carter, CL, Kannel WB, Kreger BE, D'Agostino RE, 
Splansky GL, Anderson KM, Helsel WE. Body fat distribution and breast cjuicer in the 
Framingham Study. J Natl Cancer Inst 1990;82:286-90. 

83. Roubenoff R, Kehayias JJ, Dawson H, Heymsfield SB. Use of dual-energy X-ray 
absorptiometry in body-composition studies: not yet a" gold standard". Am J Clin Nutr 
1993;58:589-91. 



IMAGE EVALUATION 
TEST TARGET (QA-3) 

150mm 

IIVMGE . Inc 
1653 East Main Street 
Roctiester. NY 14609 USA 
Phone; 716/482-0300 
Fax: 716/288-59S9 


