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ABSTRACT 

The present study was designed to test the hypothesis that endogenous 

serum levels of dehydroepiandrosterone sulfate (DHEAS) would be inversely 

related to cardiovascular disease (CVD) risk factors and that circulating 

concentrations ofDHEAS would increase along with favorable alterations in 

CVD risk factors as a result of resistive exercise training. Serum 

concentrations ofDHEAS, lipids, lipoproteins, and fasting insulin were 

determined along with estimates of total and regional body composition from 

anthropometry and dual-energy x-ray absorptiometry (DEXA) in a cross

sectional sample of premenopausal females aged 28-39 years (N=96) and in a 

12 month longitudinal subsample randomly assigned to exercise (n=27) and 

control (n=27) groups. The date of subject entry into the intervention trial 

ranged from mid-autumn to late winter. 

The percentage of total fat located on the trunk from DEXA (r=0.32, 

P=0.002) was positively correlated with DHEAS, whereas the percentage of 

total fat located on the legs from DEXA (r=-0.25, P=0.015) was inversely 

correlated with DHEAS after adjusting for age, smoking and fasting status. 

Because obesity may be a prerequisite for the metabolic aberrations 

commonly associated with fat distribution, subjects were also classified by 

DEXA-determined %Fat (~30 vs < 30) as obese or nonobese. In obese but not 

nonobese women, indexes of upper body and/or truncal fat distribution were 

positively correlated (r=0.31 to 0.51, P < 0.05) with fasting insulin, 

triglycerides, total and LDL cholesterol and negatively correlated (r=-0.45, P 

< 0.01) with HDL cholesterol. Correlations of similar magnitude yet opposite 

in direction were observed between indexes of lower body or leg fat 
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distribution and metabolic CVD risk factors. DHEAS was inversely related to 

and accounted for 9.0% of the variation in LDL cholesterol after controlling 

for upper and lower body fat distribution and fasting insulin. DHEAS was 

also positively related to and accounted for 6.8% of the variation in HDL 

cholesterol after controlling for truncal fat percentage and distribution. Over 

the 12 month intervention, 42 subjects (18 controls and 24 exercisers) gained 

lean tissue mass (LTM) and 12 subjects (9 controls and 3 exercisers) lost 

LTM, whereas 26 subjects (15 controls and 11 exercisers) gained fat mass 

(FM) and 28 subjects (12 controls and 16 exercisers) lost FM. After adjusting 

for baseline HDL cholesterol, hematocrit change and subject study entry date, 

mean HDL cholesterol levels were significantly (P=0.026) maintained to a 

greater extent in LTM gainers (-1.3%) than in LTM losers (-15.0%). The HDL 

cholesterol-maintaining effect of gaining LTM was independent of control or 

exercise group status (P=0.042) and of the change in FM (P=0.015). 

The following was concluded from the study: 1.) increased amounts of 

total fat located on the trunk, and decreased amounts of total fat located on 

the legs, are associated with increased serum DHEAS concentrations in 

normally menstruating females; 2.) increased DHEAS levels are associated 

with decreased LDL and increased HDL cholesterol levels after controlling for 

the common associations of DHEAS and lipoproteins with fat distribution in 

obese premenopausal females; and 3.) the gain in soft tissue lean mass may 

prevent reductions in HDL cholesterol levels associated with lean tissue mass 

loss in healthy premenopausal females. 
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CHAPTER! 

Introduction 

Explanation of the Problem and its Context 

Cardiovascular disease (CVD) is the most prevalent cause of death in 

men and women in the United States (102). Although less frequently 

evaluated and treated for CVD than men (7,142), women account for 

approximately 45% of the CVD-related deaths in the United States each year 

(37). Women display an age-related increase in CVD mortality, which 

becomes marked about a decade later than in men and roughly corresponds to 

the average age at menopause (2). The hypoestrogenic status of men and 

postmenopausal women has led to the general hypothesis that estrogen 

exerts cardiovascular health benefits. Despiro the recent finding of a 

protective effect of estrogen therapy against CVD mortality in 

postmenopausal women (140), an inverse relationship between endogenous 

estrogen and CVD has never been shown (9). In contrast, one study of men 

has demonstrated a significant inverse relation between endogenous levels of 

dehydroepiandrosterone sulfate (DHEAS), an adrenal androgen, and CVD 

mortality (10). Although this protective effect of high circulating levels of 

DHEAS has not yet been demonstrated in women, gender differences in 

endogenous DHEAS levels, unlike sex steroids of gonadal origin, are slight 

(112). In addition, both men and women experience significant age-related 

decreases in circulating DHEAS concentrations (15,108) along with age

related increases in CVD mortality (149). 

Although increases in physical activity have been shown to be 

associated with reductions in the incidence of CVD morbidity and mortality 
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(110,117), and more recently with a reduced occurrence of non-insulin

dependent diabetes mellitus (60), physical inactivity remains a major health 

problem due to its high prevalence (-60%) which is nearly six times that of 

hypertension (22). Unfortunately, the previously cited study demonstrating a 

relationship between increased serum DHEAS levels and decreased CVD 

mortality (10) did not assess physical activity levels, leaving unanswered the 

question of a potential relationship between exercise and serum DHEAS 

concentrations. 

Despite being the most abundant circulating steroid hormone in 

humans, the precise biological role of DHEAS remains uncertain. Although 

DHEAS is chemically classified as an androgen, it serves as a precursor for 

other androgens and estrogens (56) and has demonstrated weak androgenic 

and estrogenic activity in humans (35). Because many of the actions of 

androgens and estrogens are directly opposing (59), determination of any 

single physiologic role ofDHEAS may prove difficult. Nevertheless, due to 

their high circulating levels and ambiguous and slight sex steroidal activity, 

Sonka (137) reasoned that DHEAS and its unconjugated form, 

dehydroepiandrosterone (DHEA), may possess metabolic effects of their own. 

In support of this notion, DHEA and DHEAS have been shown to inhibit 

certain enzymes essential to biosynthetic processes; most notably, they are 

non-competitive inhibitors of glucose-6-phospate dehydrogenase (127). In 

tum, glucose-6-phospate dehydrogenase is the entry point in the pentose 

phosphate pathway. Thus, the activity of glucose-6-phospate dehydrogenase 

ultimately controls not only the size of the 5-carbon sugar pool used in 

nucleotide biosynthesis but also contributes (along with malate enzyme) to 
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the cellular level of reduced nicotinamide adenine dinucleotide phosphate 

compounds used as reducing agents for fatty acid, cholesterol and 

phospholipid biosynthesis (171). Other potential enzyme-mediated effects of 

DHEA include an increase in futile cycling (deacylation/reacylation) of fatty 

acids (96), an increase in mitochondrial state 3 respiration rates (97), and an 

increase in peroxisomal B-oxidation (81). Unlike mitochondrial B-oxidation, 

peroxisomal B-oxidation is uncoupled from the phosphorylation of adenosine 

diphosphate to adenosine triphosphate and therefore results in heat as 

opposed to energy production. Taken together, the enzyme effects ofDHEA 

inhibit biosynthetic processes and favor energy-wasting events. 

In addition to defining the metabolic role(s) ofDHEA and DHEAS, 

research interest has also been stimulated by the finding that the physiologic 

control of the adrenal cortical secretion of these 17 -keto steroids is less well 

defined than that of either the glucocorticoids or the mineralocorticoids (112). 

Although the secretion of DHEA and DHEAS was originally thought to be 

controlled by corticotropin (ACTH) (124), more recent evidence suggests the 

existence ofa cortical androgen stimulating hormone (CASH) (113). As 

indirect evidence for the existence of CASH in humans, it has been shown 

that serum levels ofDHEA and DHEAS decline significantly with advancing 

age (15,108), while cortisol levels do not change significantly with increases in 

age (15). It has been speculated that antagonism of this age-related decline 

in adrenal 17-ketosteroid levels by exogenous administration of oral DHEA 

may have anti-aging effects and perhaps through its potential metabolic 

effects even reduce the incidence of such chronic diseases as obesity, CVD and 
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non-insulin dependent diabetes mellitus which have increased occurrence 

rates with aging (71). 

The adrenal cortical biosynthesis ofDHEAS is shown in Figure 1. The 

rate-limiting step in DHEAS production is the conversion of 17 alpha-OH 

pregnenolone to DHEA which is catalyzed by a C17,20 desmolase enzyme 

whose regulation is not well understood. Some preliminary evidence suggests 

that C17,20 desmolase activity in the adrenal cortex may be stimulated by the 

putative anterior pituitary hormone CASH (113) and inhibited by insulin 

(106). 

The majority of the studies to date have administered DHEA at 

pharmacologic levels to laboratory animals with the intent of determining its 

effect on weight gain (172), adipocyte size and number (23), resting metabolic 

rate and body composition (147), atherosclerotic plaque development (51), 

insulin resistance (46) and development of hyperglycemia (24,82). In 

addition, small pharmacologic trials have been conducted in humans wherein 

the effects of exogenous DHEA on lipoprotein levels, body fat and insulin 

resistance were examined (92,98,99,103,154). Administration ofDHEA 

yielded largely beneficial results in laboratory animals (23,24,46,51,82,172) 

and in normal weight young men (103), yet null (154), mixed (98) and adverse 

(92,99) results have been observed in obese men and in premenopausal and 

postmenopausal women. However, the administration of supraphysiologic 

levels of DHEA and DHEAS leaves unanswered questions about the 

biological relevance of normal endogenous levels of the two hormones. It is 

therefore notable that endogenous baseline levels of DHEAS were found to be 

significantly and inversely related to the subsequent 12 year overall and CVD 
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mortality rates in a prospective cohort of 242 men initially aged 50-79 years 

(10). Despite this finding, the relationship of physiologic levels ofDHEAS to 

such CVD risk factors as serum lipoproteins, total and regional adiposity and 

fasting insulin levels remains incompletely described in adult humans. In 

addition, physical fitness has been shown to be inversely related to CVD risk 

factors (36) and mortality (13) in women; however, the effect of chronic 

exercise on serum DHEAS levels remains largely uninvestigated. 

General Study Aims 

The present study was designed to test the hypothesis that endogenous 

serum levels of dehydroepiandrosterone sulfate (DHEAS) would be inversely 

related to cardiovascular disease (CVD) risk factors and that an increase in 

circulating concentrations ofDHEAS would be associated with favorable 

alterations in CVD risk factors as a result of resistive exercise training. The 

study included both cross-sectional (N =96) and 12 month longitudinal (n=27 

exercisers and n=27 controls) components. Measurements of serum levels of 

DHEAS, lipids, lipoproteins, and fasting insulin were made along with an 

extensive assessment of total and regional body composition in a sample of 

previously inactive premenopausal females aged 28-39 years randomly 

assigned to exercise and control groups. The cross-sectional part of the study 

was designed to determine whether women with higher circulating levels of 

DHEAS possess more favorable CVD risk factor profiles, whereas the 

longitudinal aspect of the study was intended to determine whether a 12 

month resistive exercise intervention was capable of increasing basal DHEAS 

levels and if this hormonal change was associated with alterations in CVD 

risk factors consistent with a reduced risk for CVD. In light of our finding of 
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nonsignificant training-related changes in either DHEAS or CVD risk factors, 

the original aim of the longitudinal aspect of the study was expanded to 

include a separate determination of whether 12 month changes in body 

composition, independent of the strength training intervention, were related 

to changes in circulating DHEAS, fasting insulin, lipid and lipoprotein levels. 

Significance 

The following literature review develops the rationale underlying the 

above hypotheses based upon the work of other investigators. The 

significance of the cross-sectional component of the present study is 

underscored by the limitations of past studies which have yet to 

unequivocally determine whether the protective role of DHEAS against CVD 

in men extends to CVD risk factors in women, or to determine whether 

physiologic as opposed to pharmacologic levels of DHEAS are associated with 

total and regional body composition, or with circulating fasting insulin, lipid 

and lipoprotein levels. The extended aim of the longitudinal component of the 

study has added significance because it has been hypothesized that the 

changes in body composition that often accompany exercise training may be a 

greater determinant of changes in CVD risk factors than exercise per se 

(165). Despite this assertion, assessments of total and regional body 

composition and their changes have largely been limited to measurements of 

body weight as an index of body composition and to the waist-to-hip 

circumference ratio as an index offat distribution. Neither of these crude 

indexes of total and regional body composition differentiate fat from fat-free 

tissues. Our own prior and current work is used to illustrate the biologic 

importance of accurate body composition assessment and to demonstrate how 
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the relatively new dual energy x-ray absorptiometric technique may be used 

to obtain improved estimates of total and regional body composition. 

illtimately, iflow DHEAS levels in the present study are associated 

with elevated CVD risk factors, then DHEAS could potentially be an 

endocrine marker of increased risk for CVD in women. However, based on 

the adverse effects of exogenously elevating circulating DHEAS on HDL 

cholesterol levels in females (92,99), large-scale DHEA or DHEAS 

replacement trials may not be warranted. Nevertheless, Nestler et al. (104) 

have recently proposed that low levels of DHEA may be the "missing link" in 

explaining why individuals with hyperinsulinemia develop atherosclerosis. It 

is their contention that high circulating insulin levels reduce the production 

rate and increase the metabolic clearance rate ofDHEA and DHEAS and that 

efforts to therapeutically increase DHEA and DHEAS levels as a means of 

protecting against atherosclerosis be focused on the obese and the elderly 

(104). Although the majority (54.5%) of women in the present study were not 

obese at baseline and all were premenopausal, the present study provides 

some insight as to whether such non pharmacologic manipulations as resistive 

exercise training and modest changes in body composition are associated with 

changes in circulating DHEAS levels. Moreover, the inclusion of both obese 

and nonobese subjects allowed determination of whether DHEAS levels are 

related to CVD risk factors differently in obese and nonobese women. 
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Review of the Literature 

DHEAS, eVD and Serum Lipoproteins 

Conflicting evidence exists concerning the relationship between 

DHEAS levels and CVD. In autopsied men of Japanese ancestry, LaCroix et 

al. (76) found that age-adjusted DHEAS levels were unrelated to the extent of 

coronary atherosclerosis. In contrast, Herrington et al. (62) found a 

significant inverse correlation between age-adjusted DHEAS levels and 

angiographic measurements of coronary atherosclerosis in white men aged 

24-50 years. However, no correlation was observed between DHEAS levels 

and coronary atherosclerosis in white women aged 36-60 years (62). 

Although Barrett-Connor et al. (10) found that the inverse serum DHEAS

CVD mortality relationship remained significant in their sample of white 

men after statistical adjustment for blood pressure, age, body mass index, 

personal history of heart disease, fasting blood glucose and total cholesterol 

level, no lipoprotein cholesterol fractions were reported, and it remains 

unknown if DHEAS exerted its protective effect via an unexamined relation 

to a favorable lipoprotein profile. For instance, a significant inverse 

correlation (r = -0.68) was found between umbilical cord plasma 

concentrations ofDHEAS and low density lipoprotein (LDL) cholesterol in a 

sample of 43 newborns (111). Although Parker et al. (111) observed no 

significant correlation between fetal DHEAS and high density lipoprotein 

(HDL) cholesterol, a preliminary report by Thompson and coworkers (150) 

found significant positive correlations of DHEAS with HDL (r = 0.62) and 

HDL2 (r = 0.82) cholesterol in a sample of 11 eumenorrheic female runners 

with a mean age of29 years. In addition, Wild et al. (158) found a significant 
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inverse correlation between serum DHEAS and the totaI/HDL cholesterol 

ratio in women with polycystic ovarian disease. These correlations may be 

particularly relevant in light of the recent findings that the totallHDL 

cholesterol ratio was positively related to the number of diseased coronary 

arteries in women (122) and to the greater protection from CVD attributed to 

HDL2 relative to total HDL (100). Although the strong positive correlation 

recently reported between DHEAS and HDL2 (150) is suggestive of a possible 

estrogenic effect ofDHEAS on hepatic lipase activity (153), the relationship 

between DHEAS and lipase activity has not yet been reported. Alternatively, 

since both total (162) and regional fatness (163) have been shown to be 

positively related to the ratio of LDIJHDL cholesterol, it is possible that the 

reported DHEAS-lipoprotein relationships (111,150) may be explained by a 

mutual association with body fat. 

DHEAS and Total Body Composition 

Despite the findings that DHEA treatment in animal or in vitro cell 

culture studies have resulted in reduced fat cell size (23), impaired weight 

gain and lipogenesis (172), increased protein content of body mass (147) and 

inhibited differentiation of fibroblasts to adipocytes (127), variable results 

have been observed in studies relating body composition to endogenous levels 

ofDHEA and DHEAS in humans. In a subsample of 55 female patients 

suspected of having hyperandrogenism with clinically normal DHEAS levels, 

body weight was inversely related to plasma DHEAS (r = -0040) (159). In a 

limited number of cases, the data of Sonka (137) show that the mean plasma 

concentration of DHEA was 18.6% lower in a group of obese relative to 

nonobese middle-aged females. Lopez and Krehl (87) reported that as the 
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degree of overweight increased by 100-fold in a group of 47 young adults, the 

mean 24 hour urinary excretion of DHEA was reduced by 33.6%. 

In contrast, Grenman et al. (53) found a nonsignificant 0.3% lower 

mean serum DHEAS in overweight versus age-matched normal weight 

women. However, the average serum DHEAS in those overweight women 

without hirsutism was 13.6% lower than normal weight women, yet the 

authors report no statistical test of significance for this comparison (53). 

Although Kurtz et al. (75) also found no significant mean difference in the 24 

hour integrated serum concentration ofDHEA between obese and nonobese 

women aged 19 to 37 years, subject misclassification bias may have limited 

their findings. For example, the "nonobese" group was comprised of women < 

115% of ideal body weight, whereas the "obese" group consisted of women > 

125% of ideal body weight. Nevertheless, in a non-stratified analysis of their 

entire sample, these investigators (75) reported a somewhat higher 

correlation of body mass index with the metabolic clearance rate ofDHEA (r 

= 0.64) than with the production rate ofDHEA (r = 0.50). Thus, it remains 

possible that the metabolism of circulating DHEA may increase more with 

increases in weight-to-height ratios than does the rate ofDHEA production. 

In support of this possibility, DePergola et al. (27) reported a strong inverse 

correlation (r = -0.90, P<O.OOl) between body mass index and DHEA in 

premenopausal women with body mass indexes at or above 30 kg/m2• In 

contrast, no correlation was observed between DHEAS and body mass index 

in this same group of overweight women (27). Similarly, Evans et al. (39) 

found the percentage of ideal body weight to be nonsignificantly associated 
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with plasma DHEAS levels in a sample of 80 premenopausal women aged 19-

49 years. 

Contrary to the observation of an inverse relationship between DHEA 

and body mass index (27), Ellison (38) reported that the ratio of weight to 

height was positively correlated with serum DHEA (r = 0.54, p < 0.01) and 

DHEAS (r = 0.24, p > 0.05) concentrations in a sample of 24 females aged 18-

35 years. Ellison (38) recruited subjects from a university population, 

whereas most of the other investigators cited above recruited subjects from 

patient populations. Ellison (38) states that no attempt was made to control 

for the subjects' level of physical activity; therefore, it remains possible that 

between study differences in unassessed levels of body fat and physical 

activity may have contributed to the discrepant relationships. 

A major underlying limitation of the above cited human subject 

literature is that the potential confounding influence ofinterindividual 

differences in body fat and fat-free body mass in individuals with similar 

amounts of 'v eight, weight for height or percentage of ideal body weight was 

not addressed. Thus, the exact relationship between total body composition 

and serum DHEAS levels remains largely unknown in human subjects. Two 

studies have examined densitometrically-determined estimates of body fat 

percentage before and after exogenous administration of either DHEA or 

placebo (99,103), but the body composition estimates in these studies are 

highly suspect. For example, one study (l03) reports the use of an assumed 

constant value of 1.45 L for residual lung volume, whereas the other (99) 

reports no method for residual lung volume determination. In addition, both 

studies (99,103) converted measures of body density to estimates of percent 
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fat with the Sirl (134) equation which erroneously assumes that the 

composite density of the fat-free tissues remains constant within and between 

individuals. When such assumptions are made, large errors in estimates of 

body composition may occur, and as a result, multicomponent body 

composition models have been developed by ourselves and others to minimize 

these errors (19,64,84). Dual energy x-ray absorptiometry (DEXA) was used 

to estimate body composition in the present study. Because DEXA estimates 

the fat, soft tissue lean and bone mineral masses (93), it estimates body 

composition without the errors associated with the assumed constancy of the 

density of the fat-free body which invalidate the simple conversion of body 

density to percent fat (83,155). An additional advantage ofDEXA is that 

total body and regional estimates of soft tissue composition may be obtained 

from a single scan acquisition (25). 

DHEAS and Body Fat Distribution 

Relatively little information is available on the relationship of either 

endogenous DHEA or DHEAS and body fat distribution in humans. Sonka 

(137), however, stratified 41 obese women into android (n=30) and gynoid 

(n=ll) forms of obesity and found that the women with the android fat 

pattern, on the average, excreted 29.5% less urinary DHEAl24 hours (P < 

0.01) than gynoid obese women. In agreement with the possibility oflower 

circulating DHEA levels in android obese women, Kurtz et al. (75) 

demonstrated that the waist-to-hip circumference ratio was positively related 

to the metabolic clearance rate of DHEA (r = 0.38, P < 0.05) yet 

nonsignificantly related to the production rate of DHEA (r = 0.27). 
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Although the data of Kurtz et al. (75) are suggestive ofa potentially 

inverse relationship between central body adiposity and serum DHEA levels, 

such a relationship has not been observed for DHEAS. For example, Evans et 

al. (39) found no correlation between circulating DHEAS and the waist-to-hip 

circumference ratio in premenopausal females. Moreover, Katz et al. (70) 

who studied black adolescent females and LaCroix et al. (76) who examined 

men of Japanese ancestry found positive correlations between DHEAS levels 

and truncal skinfold thicknesses. 

DHEAS and insulin 

In men and women with no known diseases, three recent studies 

suggest that serum DHEAS and insulin levels may be inversely related 

(32,105,107); however, studies conducted in samples of insulin resistant 

and/or hyperandrogenic patients have observed inverse (128,135), positive 

(146) and null relationships (4) between DHEAS and insulin levels. In 5 

normal disease-free women aged 22-32 years, Nestler and coworkers (105) 

demonstrated that acute hyperinsulinemia induced by a 12 hour 

hyperinsulinemic-euglycemic clamp technique resulted in a progressive and 

statistically significant 39% fall in baseline serum DHEA8. A more intensive 

follow-up study was later conducted by that laboratory in a sample of 10 

normal men aged 22-27 years to determine if their previous findings extended 

to DHEA and if they could elucidate a mechanism for the hyperinsulinemia

related decline in serum DHEAS levels (107). From this study, they 

concluded that the DHEA response to hyperinsulinemia was similar to that of 

DHEAS, as their declines were significantly and positively intercorrelated; in 

addition, the reduction in serum DHEAS could not be quantitatively 

26 



explained by an increased conversion to DHEA or androstenedione nor by an 

increased urinary excretion. The authors speculated that insulin may reduce 

adrenal production ofDHEA and DHEAS by inhibiting the activity of the 

adrenal 17,20 desmolase enzyme which converts 17 alpha-OH pregnenolone 

to DHEA. They further extrapolated from their findings and proposed that 

the typical age-related decline in insulin sensitivity which is accompanied by 

a progressive increase in serum insulin may, in part, explain the previously 

described reduction in serum DHEA and DHEAS levels associated with aging 

(15,108). 

Since suprapharmacologic levels of serum insulin (-10,000 pmollL) 

were attained by the clamp technique in the studies by Nestler and coworkers 

(105,107), Diamond and colleagues (32) studied the response of serum 

DHEAS to exogenous hyperinsulinemia ofa physiologic magnitude (581±65 

pmollL) and to endogenous hyperinsulinemia (509±29 pmollL) in a group of 

nonobese eumenorrheic women. Differences in the level of blood glucose 

controlled by two different clamp techniques were used to produce the 

exogenous (euglycemic) and endogenous (hyperglycemic) types of 

hyperinsulinemia. The former clamp procedure resulted in a significant 

23.8% reduction in basal DHEAS levels, whereas the latter procedure 

produced a significant 16.1% drop in baseline DHEAS. Although the study by 

Diamond et al. (32) extends the inverse relationship between serum DHEAS 

and insulin to a physiologic range, it is not known to what extent fasting 

serum insulin is predictive of serum DHEAS in healthy subjects. Moreover, it 

is not clear why acute experimentally induced (32,105,107) but not chronic 
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(4,146) elevations in insulin, as may occur with insulin resistance, are 

associated with reductions in DHEAS levels. 

Exercise and DHEAS 

At present, there is a paucity of information on the effect of exercise 

training on either DHEAS or DHEA. However, there is one report of a 

significant increase in the urinary excretion ofDHEA with no change in 

cortisol excretion following a one year training regimen consisting of both 

resistance and endurance exercise in a 40 year old man (1). In addition, 

Sonka et al. (138) treated 54 obese women with either a diet (900 kcaI/day) 

and exercise (5 hours of gymnastics and sports/day) regimen (n=46) or with 

diet alone (n=8) for 12 days and found a significant 30.7% decline in baseline 

plasma DHEA in the diet group along with no significant change from 

baseline plasma DHEA in the diet plus exercise group. Although other 

investigators have compared serum DHEAS levels of female runners to that 

of their non-exercising counterparts and documented a trend for 

nonsignificantly higher values in the trained subjects, these studies are 

limited by their small sample sizes and offer little information about the 

effects of exercise on DHEAS levels due to their potential for subject selection 

bias (123,130). 

Only two studies to date (63,157) have examined resistance training

related changes in steroid hormone concentrations in females. One study (63) 

found no significant change in serum testosterone following 8 weeks of 

training, whereas the other (157) observed no changes in testosterone, 

androstenedione or sex hormone binding globulin. However, neither study 

used a randomized design nor accounted for the potential confounding effect 
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of training-related changes in plasma volume. To our knowledge, no prior 

study has examined the effect of resistance exercise training on basal serum 

DHEAS levels. Nevertheless, significant increases in circulating DHEA and 

DHEAS have been observed in response to acute bouts of both running (88) 

and swimming (18) exercise. 

Exercise and CVD risk factors 

Although endurance exercise has been more extensively studied and 

has been shown more consistently to be associated with improved lipoprotein 

profiles (143), resistance exercise training has also been found to result in 

lipoprotein changes consistent with reduced CVD risk in both men (66,67) 

and women (48). However, the studies documenting improved lipid and 

lipoprotein profiles following strength training (48,66,67) have been criticized 

by other investigators (74,89) for not obtaining serial blood collections which 

are needed to control for within subject day-to-day variability in lipid and 

lipoprotein levels (16), for not controlling for possible training-related 

increases in blood volume (152), for not differentiating between acute and 

chronic effects of exercise (151) and for observing changes in LDL cholesterol 

(48) as opposed to HDL cholesterol or triglyceride levels which would be 

expected to change on the basis of the stimulatory effect of exercise on 

lipoprotein lipase activity (151). 

Despite the reportedly positive effects of strength training on 

circulating lipid and lipoprotein levels (48,66,67), more recent and better 

controlled studies have shown no significant effect of resistance training on 

lipid and lipoprotein levels in men at risk for coronary heart disease (74), in 

obese women (89) and in premenopausal and postmenopausal nonobese 
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women (14). Given that the magnitude of the effect of exercise on lipoprotein 

metabolism may be related to the amount of energy expended and to the 

metabolic demand for fats as an energy substrate (151), the lower amounts of 

energy expended and the lesser reliance on fats as metabolic fuel during 

resistive as compared to endurance exercise may favor the endurance mode 

as a stimulus for altering lipoprotein lipase activity. 

Alternatively, it has been argued that the weight or body fat loss that 

is more likely to occur with endurance as compared to resistive training may 

be responsible for endurance training-related improvements in lipid and 

lipoprotein profiles (165-168). It is Williams' (165) contention that the 

increase in adipocyte lipoprotein lipase activity that occurs with body fat loss 

(131) is a greater determinant of changes in HDL cholesterol levels than the 

increase in skeletal muscle lipoprotein lipase activity that occurs with 

exercise (151). However, Williams' hypothesis (165) assumes that exercise 

training-related decreases in body weight primarily reflect body fat loss, and 

he dismisses hydrostatic weighing-derived estimates of body fat on the basis 

that methodological inaccuracies would bias his data analyses. Thus, the 

separate effects of gaining and losing fat and lean tissue masses on serum 

lipid and lipoprotein levels has not been well described. 

We have recently demonstrated that DEXA more accurately detected 

small changes in soft tissue composition than hydro densitometry (47). 

Therefore, the extended aim of the longitudinal component of the present 

study to determine whether 12 month changes in body composition, 

independent of the strength training intervention, were related to changes in 

circulating DHEAS, fasting insulin, lipid and lipoprotein levels overcomes the 
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body composition assessment limitations of past studies examining the 

relationship of changes in body composition with changes in DHEAS (99,103), 

insulin (95), and lipid and lipoprotein levels (165-168). 

Explanation of Dissertation Format 

The present dissertation was prepared in manuscript format. 

Therefore, chapter 2 summarizes the methods, results and conclusions of the 

three manuscripts which comprise chapters 3, 4 and 5. As mentioned in the 

acknowledgements, the present project is a small piece of a large 

collaborative effort involving many investigators and a large research staff. 

My original contribution to each of the three manuscripts was the assessment 

of serum DHEAS and fasting insulin levels and determining their cross

sectional and longitudinal relationships to existing measures of soft tissue 

composition, fat distribution, and circulating lipid and lipoprotein levels. 

Chapter 2 reflects my endocrine contribution to the existing project by 

highlighting the quality control assessment of the DHEAS and fasting insulin 

radioimmunoassays in the methodology summary. 
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CHAPTER 2 

Present Study 

The methods, results and conclusions of the present study are 

presented in the three manuscripts which comprise chapters 3, 4 and 5 of this 

dissertation. The methods, the most important findings and the conclusions 

presented in these manuscripts are summarized below. Special emphasis is 

given to the determinations of circulating DHEAS and fasting insulin in the 

methodology summary. The cross-sectional aims of the project are addressed 

in the first two manuscripts using the large baseline sample of subjects and 

interrelationship designs. The third manuscript which used an experimental 

design examined the prospective aim of the project in the smaller 12 month 

longitudinal cohort. The relationship of body fat percentage and fat 

distribution with DHEAS levels is examined in the first manuscript (chapter 

3). The bivariate and multivariate relationships of serum DHEAS with 

fasting insulin, lipid and lipoprotein levels are compared in obese versus 

nonobese women (chapter 4) in the second manuscript. The separate effects 

of 12 months of strength training and changes in body composition on 

changes in circulating lipid, lipoprotein, DHEAS and fasting insulin levels 

are examined in the third manuscript (chapter 5). 

Methods 

Subjects 

A total of 106 previously sedentary Caucasian women aged 28-39 years 

were recruited by community advertisements and direct mailings to 

participate in an 18 month trial that was originally designed to examine the 

effects of resistive exercise training on bone mineral density. These 106 
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women were randomly assigned to exercise or control groups and enrolled in 

the intervention trial over nearly a five month period. Subjects in the control 

group were instructed to make no changes in their exercise and diet habits 

over the duration of the study. The present study focuses on baseline cross

sectional and 12 month follow-up measurements of total and regional body 

,composition, and serum concentrations ofDHEAS, fasting insulin, lipids and 

lipoproteins. Screening questionnaires administered at baseline (Appendix 

A) were used to exclude women who had performed regular exercise for more 

than 6 months during the 5 years prior to study entry, any resistance exercise 

for the past 2 years, or any occupational activity involving regular heavy 

lifting or carrying. In addition, subjects had no history of amenorrhea, eating 

disorders, arthritis, asthma, cancer, diabetes, cardiovascular disease, or 

thyroid disease and were not taking any medications known to affect bone 

mineral density, including oral contraceptives. Subjects were also required to 

have a body mass index between the age-specific 5th and 95th percentiles for 

women from the second NHANES survey (101) and to have not experienced 

weight fluctuations of ';2 13.0 kg in the previous year. All subjects gave 

written informed consent to participate in the study. The protocol was 

approved by the University of Arizona Human Subjects Committee (Appendix 

B). The first manuscript includes 96 of the original 106 women from whom 

an adequate serum sample for DHEAS determination was available (chapter 

3). In this sample of96 women, 11 subjects smoked S; 10 cigarettes/day and 7 

subjects smoked ';2 15 cigarettes/day (chapter 3). In the second manuscript, 

the complete data of 88 women are considered (chapter 4). In this paper, 

frozen serum samples were available in 94 subjects, whereas an additional 6 
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subjects were excluded for not fasting at the time of the blood draw (n=4), 

missing anthropometric data (n=1), and an aberrant fasting insulin value 

that was> 3 standard deviations above the mean value (chapter 4). The 

sample in the third manuscript included 54 subjects randomly assigned to 

exercise (n=27) and control (n=27) groups (chapter 5). These subjects 

included the same 88 subjects assessed in the second manuscript (chapter 4) 

minus the 34 subjects who dropped out of the intervention trial between the 

baseline and 12 month measurement sessions (chapter 5). 

Anthropometry 

Height and weight measurements were made with the subject 

wearing t-shirt and shorts without shoes. Height was measured with a wall 

mounted stadiometer, and weight was measured with an Accu-Weigh Model 

150 TKlA-58 beam scale (Metro Equipment Corp., Sunnyvale, CA). Body 

mass index was calculated as weight in kg divided by height in m2• Skinfold 

thickness and body circumference measurements were made on the right side 

of the body according to standard procedures and site locations (85). The 

mean of three measurements that agreed within 10% for skinfolds and within 

1.0 cm for circumferences was used in subsequent analyses. Skinfold 

thicknesses were measured with Harpenden skinfold calipers (British 

Indicators, Ltd., St. Albans, Herts., UK) at the triceps, lateral forearm, 

biceps, thigh, medial calf, subscapular, midaxillary suprailiac, anterior 

supraiIiac, and abdomen sites. The sum of the arm (triceps + forearm + 

biceps), leg (thigh + calf) and trunk (subscapular + midaxillary suprailiac + 

anterior suprailiac + abdomen) skinfolds were divided by the sum of total 

(arm + leg + trunk) skinfold thicknesses to derive upper body (arrn/total), 
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truncal (trunk/total) and lower body (leg/total) ratios of subcutaneous fat 

distribution. Circumferences were measured with a retractable steel tape at 

the minimal waist, maximal hip (buttocks), and mid-thigh sites and were 

used to calculate the waist-to-hip and waist-to-thigh ratios. 

Dual Energy X-Ray Absorptiometry (DEXA) 

Total and regional body composition was measured with a dual energy 

x-ray absorptiometer, model DPX (Lunar Radiation Corp., Madison, WI). 

Scans were acquired with a transverse speed of 8 cm/s, resulting in a total 

scan time of approximately 20 min, and were analyzed with the Lunar 

software version 3.1. The theoretical basis of DEXA and its validation 

against a chemical model for assessing fat content has been previously 

described (93). DEXA-derived body composition variables in the three 

manuscripts included fat mass and lean tissue mass as well as total body 

(%Fat), arms (%Fatanns), legs (%Fatlegs), and trunk (%Fattrunk) fat 

percentages. Each total and regional body fat percentage was calculated as 

follows: total or regional %Fat = [total body or regional fat mass, g/(sum of 

total body or regional fat mass + lean tissue mass + bone mineral mass, g)] x 

100. DEXA-derived indexes of body fat distribution included the proportions 

of total fat on the arms, legs and trunk, with each index calculated from the 

regional fat mass divided by the total fat mass and expressed as a percentage. 

At baseline, each subject was scanned twice within a one week period. The 

coefficients of variation (CVs), defined as the technical error ([standard 

deviation of the difference/2112]) expressed as a percentage of the mean of 

replicate measures for the DEXA-derived body composition variables, were 

1.4% for lean tissue mass, 3.2% for %Fatlegs, 3.7% for %Fat, 4.6% for 
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%Fa'ttrunk, 4.7% for fat mass, and 6.0% for %Fatarms• The corresponding CV s 

for DEXA-derived indexes offat distribution were 1.7%, 2.9% and 5.9% for 

the percentages of total fat located on the legs, trunk and arms, respectively. 

The mean of the two scans was used in the subsequent analyses of the 

baseline DEXA estimates of fat and lean tissue masses, total and regional fat 

percentages, and fat distribution. 

Blood Collections 

Venous blood samples were collected from an antecubital vein after an 

overnight fast during the early follicular phase (days 1-5) of the menstrual 

cycle. Duplicate aliquots of whole bood were removed for hematocrit 

determination with a microhematocrit centrifuge. Blood samples were 

allowed to clot, then separated by centrifugation, and the sera were stored 

frozen at -70°C until analyzed. Elapsed storage time was approximately two 

years for the baseline samples and -1 year for the 12 month samples. It has 

previously been demonstrated that DHEAS levels remain stable in frozen 

serum samples for up to 15 years (108). Baseline and 12 month serum 

samples for a given subject were included in the same assay to minimize 

interassay variability. Blood collections in the exercise training group were 

made 36-48 hours after the last exercise bout to distinguish between possible 

acute and chronic effects of exercise on hormone, lipid and lipoprotein levels 

(17). 

Dehydroepiandrosterone Sulfate (DHEAS) 

Serum DHEAS concentrations were determined in duplicate for each 

subject from 10 IlL of serum diluted 1:4000 with buffer using a commercially 

available radioimmunoassay kit with a 3H-DHEAS tracer from leN 
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Biomedicals, Inc. (Costa Mesa, CA). The ImmunoFit EIAIRIA software 

version 2.0 (Beckman Instruments, Fullerton, CA) (12) was used to derive 

four parameter logistic (assays 2-7) or logit-Iog (assay 1) standard curves 

which enabled estimation of DHEAS concentrations from measurements of 

antibody-specific 3H-DHEAS binding in the unknown serum samples. Each 

of the seven standard curves used to estimate DHEAS levels in the present 

study are shown in Figure 2. Assay number 1 is in the upper left corner, and 

assay number increases from left to right and down the page (Figure 2). 

Quality control serum standards at low (208-362 ng/mL), ~ddle (1896-2629 

ng/mL) and high (3945-7576 ng/mL) concentrations were used to determine 

assay accuracy and interassay variability, whereas the middle standard was 

used to assess intraassay variability. Radioimmunoassay quality control 

parameters (121) for DHEAS are shown by assay number in Figure 3. 

Interassay CVs were 27.9% for minimal detectable dose, 11.8% for the 

effective dose at 50% maximal binding, 3.1% for the standard curve slope, 

7.0% for the percentage of maximal binding to total counts, 28.6% for the low 

serum standard, 12.9% for the middle serum standard and 12.0% for the high 

serum standard. The intraassay CV for the middle serum standard was 4.6% 

for a representative assay. Because serum DHEAS concentrations in ng/mL 

were positively skewed, a logarithmic (loglO) transformation was used to 

normalize the distribution (skewness reduced from +1.21 to -0.39). The 

untransformed skewed distribution and the loglO transformed normal 

distribution of DHEAS levels in the baseline sample of 96 subjects are shown 

in Figure 4. All statistical analyses were performed with loglO DHEAS 

values. 
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Fasting Insulin 

Serum fasting insulin concentrations were determined in duplicate for 

each subject from 200 ilL of serum using a commercially available double 

antibody radioimmunoassay kit with a 125I-insulin tracer from ICN 

Biomedicals, Inc. (Costa Mesa, CA). The ImmunoFit EIAIRIA software 

version 2.0 (Beckman Instruments, Fullerton, CA) (12) was used to derive 

cubic spline standard curves which enabled estimation of fasting insulin 

concentrations from measurements of antibody-specific 125I-insulin binding in 

the unknown serum samples. Each of the four standard curves used to 

estimate fasting insulin levels in the present study are shown in Figure 5. As 

with the DHEAS standard curves, fasting insulin assay number 1 is in the 

upper left corner, and assay number increases from left to right and down the 

page. Quality control serum standards at low (5.0-13.4 IlU/mL), middle (22.5-

57.7 IlU/mL) and high (77.1-136.0 IlU/mL) concentrations were used to 

determine assay accuracy, interassay variability, and intraassay variability. 

Radioimmunoassay quality control parameters (79) for fasting insulin are 

shown by assay number in Figure 6. Interassay evs were 0.0% for minimal 

detectable dose, 4.0% for the effective dose at 50% maximal binding, 3.7% for 

the standard curve slope, 5.9% for the percentage of maximal binding to total 

counts, 19.8% for the low serum standard, 16.8% for the middle serum 

standard and 69.2% for the high serum standard. Although extremely high 

interassay variability was observed for the high serum standard which had 

an acceptable concentration range of77.1-136.0 IlU/mL, fasting insulin levels 

were S; 39.57 IlU/mL in the present study. The intraassay CVs for the quality 

control sera ranged from 1.2% to 3.5%. 

41 



42 

3.r-__________________________ ~ 3r----------------------------, 
2xlO 2xlO 

O~ __________ --____ --______ ~ O~ __________ --____ --______ ~ 

2 Log Concentration 250 2 Log Concentration 250 

3~--------------------------~ 3r---------------------------~ 2xlO 2xlO 

"'d 
§ 
o 
~ 

O~ __________ --______ --____ ~ o~ __________ --____ --______ ~ 
2 Log Concentration 250 2 Log Concentration 250 

Figure 5. Fasting insulin radioimmunoassay standard curves 



Insulin Minimal Detectable Dose 
5 (MDD) 

4.5 
;:J 4 
IS 3.5 
~ 3 
::!. 2.5 

........ 2 
Q 
Q 1.5 
~ 1 

0.5 

o o o o 

0+-,...., ....... --,. ....... __ ...,.-.....-.,..-, 
o 1 2 3 4 5 

Assay Number 

Insulin Concentration at 50% Bmax 
30 (ED 50) 

25 
;:J 
.€ 20 

:a 15 
o 
lQ 10 
Q 
r:iI 5 

~ 

o ""T"""1 

Insulin Standard Curve Slope by Assay 
-1 

o 1 Ass~y N8mbei 5 
Percentage of Maximum Binding 

50 to Total Counts (%Bmaxtr) 

-1.1 ~ 
Q) -1.2 c-o 

en -1.3 

-1.4 

-1.5 
0 5 

Insulin Concentration of Quality 
30 Control Serum #1 

;:J 25 

.€ 20 
P 
,;t. 15 
.-! 

8-10 
5 

0"""'1"""'"T-r-r-T"'"'Ir-r"'T""""'" o 1 2 3 4 5 
Assay Number 

Insulin Concentration of Quality 
200 Control Serum #3 

160 
;:J 
.€ 120 
P 
,;t. 80 
C<:) 

0 
40 C§ 

0 
0 1 2 3 4 5 

Assay Number 

40 

~ 30 

IS 20 
Il:l 
~ 

10 

~ 

O+-~~~~~~-T~ 
o 123 4 5 

Assay Number 
Insulin Concentration of Quality 
foontrol Serum #2 

50 

~ 40 

~ 30 
~ 20 
o 
C§1O 

~ 

O+-~~-T-r~'-~~ 
o 1 2 3 4 

Assay Number 
5 

Figure 6. Quality control 
characteristics of 
fasting insulin RIAs 

43 



Despite the low intraassay CVs for the quality control sera, intraassay 

drift was observed among the seven standard curve insulin concentrations 

which were counted at the beginning, middle and end of each of the four -200 

tube fasting insulin assays. The average decline from the beginning to the 

end of the assay in antibody-specific bound counts/min across the seven 

standards ranged from 10.8% in assay 4 to 40.3% in assay 2. It was 

determined by observation that the reduction in counts/min in the standards 

was due to a loss of pellet integrity over time resulting in substantial 

aspiration of specific bound counts in the supernatant of those tubes that 

experienced the longest time lapse between centrifugation and aspiration. In 

contrast, pellets from both quality control and pooled sera maintained 

integrity throughout the assay. Likewise, systematic drift in antibody

specific bound counts/min was not observed from the beginning to the end of 

each assay in either quality control or pooled sera. Because we speculated 

that the higher protein concentrations in serum relative to the insulin 

standards may have aided in stabilizing the pellet, we compared insulin 

standards alone versus insulin standards spiked with pooled serum at three 

different time points after centrifugation; however, drift in the standards was 

not observed in either condition. We also attempted to determine whether 

the presence or absence of drift could be attributed to the use of different lot 

numbers of standards, first antibody or second antibody, yet these 

experiments also yielded no insight. Therefore, the standard curves used in 

assays 1, 3 and 4 were derived from the first two duplicate standards from 

the beginning- and the middle of the assay, whereas the standard curve in 
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assay 2 was derived from the single standards from only the beginning of the 

assay (Figure 5). 

Lipids and Lipoproteins 

Serum lipid and lipoprotein concentrations were measured in the 

clinical chemistry laboratory at the Department of Veteran's Affairs Medical 

Center, Tucson, AZ, which is standardized by a College of American 

Pathologists, surveillance program that routinely monitors laboratory 

measurement quality. Serum total cholesterol was determined by the 

cholesterol oxidase method (3) using a Baxter Para Max Analyzer (BPMA). 

HDL cholesterol was determined by first precipitating VLDL and LDL 

cholesterol with the phosphotungstate method (20) and then by determining 

supernatant cholesterol concentration with the BPMA. Triglyceride 

concentrations were also determined by the BPMA following lipase hydrolysis 

and glycerol oxidation (44). LDL cholesterol was calculated from total 

cholesterol, HDL cholesterol and triglycerides with the Friedwald equation as 

follows: LDL cholesterol = total cholesterol - HDL cholesterol - triglycerides/5 

(45). Triglyceride levels were S 227 mg/dL in the study sample which is 

important because the Friedwald equation does not compare well with the 

ultracentrifuge method when triglycerides are at or above 400 mg/dL (45). 

Reliability was assessed by a second analysis of baseline lipid and lipoprotein 

levels completed one year after the first analysis in a subsample of 60 

subjects who completed the 18 month intervention. Coefficients of variation, 

defined as the technical error divided by the mean of replicate assessments, 

were 3.3% for total cholesterol, 6.0% for triglycerides, 10.9% for LDL 

cholesterol and 13.8% for HDL cholesterol. 
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Strength 

Forearm strength was measured at baseline and 12 months as the 

maximal isometric force resulting from three handgrip trials of unrestricted 

duration with a Stoelting handgrip dynamometer (Stoelting Co., Wood Dale, 

IL). Leg strength was measured at baseline and 12 months as the peak 

isometric torque resulting from three knee extension trials ofunrest.c!.cted 

duration with a Cybex II isokinetic dynanmometer (Lumex Inc., 

Ronkonkoma, NY). At baseline, the intraclass correlations for repeated trials 

were r=0.959 for handgrip force and r=0.951 for knee extension torque. 

Diet 

At the beginning of the intervention trial, all subjects were trained to 

estimate food portion sizes and subsequently kept diet records for 8 days of 

randomly assigned diet records per year. Four days (3 week days + 1 

weekend day) were recorded prior to 5 and 12 months ofintervention. Diet 

records were analyzed for energy intake and macronutrient composition using 

the 1986 USDA Continuing Food Survey of Food Intake by Individuals 

database. The grand mean of the 4 day diet records at both 5 and 12 months 

was used as an index of dietary intake throughout the study. 

Strength Training 

The strength training group began training by exercising for 

approximately 45-60 min, 3 days per week, performing 1 set of 8 repetitions 

at 70% of their 1 repetition maximum (RM) for 12 different weight lifting 

exercises using free weights (bench press, supine fly, bicep curl, military 

press, dead lift, low row, hyperextension and wrist curl) and machines (lat 

pulldown, leg curl, leg extension and leg press) (86). Training volume was 
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gradually increased over the first month to 3 sets of 8 repetitions at 70% of 1 

RM on 12 lifts 3 days/week throughout the remainder of the trial. The 1 RM 

was re-tested every 8 weeks to adjust training loads for strength gains. 

Main Findings 

First Manuscript 

The association of body fat percentage (%Fat) and fat distribution with 

circulating DHEAS levels in the baseline sample of 96 premenopausal 

females was examined in the first manuscript (chapter 3). Body mass index, 

%Fat from DEXA and the waist-to-hip ratio were not significantly correlated 

(r ::; 0.15, P ~ 0.156) with serum DHEAS levels, regardless of statistical 

control for age, smoking behavior and fasting status. However, the ratio of 

trunk/total skinfold thicknesses (r=0.23, P=0.030) and the percentage of total 

fat located on the trunk from DEXA (r=0.32, P=0.002) were positively 

correlated with DHEAS, whereas the ratio oflegltotal skinfold thicknesses 

(r=-0.25, P=O.015) and the percentage of total fat located on the legs from 

DEXA (r=-0.25, P=O.015) were inversely correlated with DHEAS after 

adjusting for age, ·smoking and fasting status. With the exception of the 

trunk/total skinfold thickness ratio, the correlations ofDEXA- and skinfold

derived estimates of fat distribution remained significant (P ::; 0.033) even 

after further adjustment for %Fat or body mass index. 

Second Manuscript 

In the second manuscript we examined the relationship of DEXA- and 

anthropometry-derived estimates of upper body, truncal and lower body 

indexes of fat distribution with metabolic CVD risk factors and determined 

whether the relationship of DHEAS with fasting insulin, serum lipid and 
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lipoprotein levels was independent of body fat distribution in the sample of 88 

obese and nonobese premenopausal women (chapter 4). Because obesity may 

be a prerequisite for the metabolic aberrations commonly associated with fat 

distribution, subjects were classified by DEXA-determined %Fat (~ 30 vs < 

30) as obese (n=40) or nonobese (n=48). In bivariate analyses, 

anthropometric- and DEXA-derived indexes of upper body and/or truncal fat 

distribution were positively correlated (r=0.31 to 0.51, P < 0.05) with fasting 

insulin, triglycerides, total and LDL cholesterol and negatively correlated (r=-

0.45, P < 0.01) with HDL cholesterol in obese women. Indexes oflower body 

or leg fat distribution were negatively correlated (r=-0.34 to -0.48, P < 0.05) 

with fasting insulin, triglycerides, total and LDL cholesterol and positively 

correlated (r=0.41, P < 0.01) with HDL cholesterol in obese women. In 

contrast, in nonobese women, the trunk/total skinfold ratio was inversely 

correlated (r=-0.31, P < 0.05) whereas the leg/total skinfold ratio was 

positively correlated (r=0.31, P < 0.05) with fasting insulin. No significant 

bivariate correlations were observed between DHEAS and fasting insulin, 

lipid or lipoprotein levels (r~-0.25, P>0.05). However, in obese women, 

DHEAS was inversely related to and accounted for 9.0% of the variation in 

LDL cholesterol after controlling for skinfold-derived indexes of upper and 

lower body fat distribution and fasting insulin. DHEAS was also positively 

related to and accounted for 6.8% of the variation in HDL cholesterol after 

controlling for DEXA trunk fat percentage and the trunk/total skinfold ratio. 

Third Manuscript 

The separate effects of 12 months of strength training and changes in 

DEXA-derived lean tissue (LTM) and fat mass (FM) on 12 month changes in 
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serum lipid, lipoprotein, DHEAS and fasting insulin levels in 54 healthy, 

regularly menstruating white females aged 28-39 years randomly assigned to 

exercise (n=27) and control (n=27) groups was determined in the third 

manuscript. Subjects were gradually phased into the intervention trial at 

baseline over nearly 5 months from mid-autumn to late winter. At baseline, 

subjects were also instructed to estimate food portion sizes. Average daily 

dietary intake was determined from two 4 day diet records collected at 5 and 

12 months. Over the 12 month intervention, 42 subjects (18 controls and 24 

exercisers) gained LTM and 12 subjects (9 controls and 3 exercisers) lost 

LTM, whereas 26 subjects (15 controls and 11 exercisers) gained FM and 28 

subjects (12 controls and 16 exercisers) lost FM. After adjusting for initial 

values and subject study entry date, exercisers had significantly (P<O.OOI) 

greater mean increases in LTM (4.3% vs 1.0%) and peak isometric knee 

extension torque (15.2% vs -3.6%) than controls. No significant differences 

between controls and exercisers were observed for changes in serum lipid, 

lipoprotein, DHEAS and fasting insulin concentrations, or for average daily 

dietary intake. In contrast, after adjusting for baseline HDL cholesterol, 

hematocrit change and subject study entry date, mean HDL cholesterol levels 

were significantly (P=0.026) maintained to a greater extent in LTM gainers 

(-1.3%) than in LTM losers (-15.0%). In addition, after adjusting for baseline 

LDL cholesterol, hematocrit change, subject study entry date, and the 

percentage of total caloric intake from fats, mean LDL cholesterol levels were 

significantly reduced (-4.6% vs 3.3%, P=0.041) in FM losers relative to FM 

gainers. Furthermore, the HDL cholesterol-maintaining effect of gaining 

LTM was independent of control or exercise group (P=0.042) and of the 
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change in FM (P=0.015), whereas the LDL cholesterol-reducing effect of 

losing FM was independent of control or exercise group (P=0.039) but not of 

the change in LTM (P=0.096). 

Conclusions 

In the first manuscript, it was concluded that increased amounts of 

total fat located on the trunk and decreased amounts of total fat located on 

the legs are associated with increased serum DHEAS concentrations in 

normally menstruating females (chapter 3). Because an elevated truncal 

distribution of body fat is associated with a greater risk for CVD mortality 

(79) and with a more atherogenic metabolic profile (30,31,40,114,148) in 

women, this conclusion opposes the general study hypothesis that DHEAS 

levels would be inversely related to CVD risk factors. The finding of a 

positive association between truncal fat distribution and serum DHEAS also 

led to consideration of whether serum levels of DHEAS were independently 

related to metabolic CVD risk factors and body fat distribution (chapter 4). 

In the second manuscript, it was concluded that increased DHEAS 

levels are associated with decreased LDL and increased HDL cholesterol 

levels after controlling for the common associations of DHEAS and 

lipoproteins with fat distribution in obese premenopausal females (chapter 4). 

Because fat distribution and lipoprotein cholesterol may be independent 

predictors of cardiovascular disease (79), the opposing relationships of 

DHEAS with fat distribution in the first manuscript (chapter 3) and with 

lipoprotein levels in the second manuscript (chapter 4) may explain why 

DHEAS levels were unrelated to angiographically-determined atherosclerosis 

in 36-60 year old women (62). Future studies examining the relationship of 
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DHEAS with atherosclerosis or CVD mortality in women should consider the 

potential confounding influence of regional adiposity and determine whether 

circulating DHEAS levels are independently related to CVD and fat 

distribution. Moreover, due to the finding of a nonsignificant relationship 

between serum DHEAS and the waist-to-hip ratio in the first manuscript 

(chapter 3), future studies should focus on assessing fat distribution with 

skinfold thickness ratios or DEXA. 

In the third manuscript, it was concluded that the gain in soft tissue 

lean mass may prevent reductions in HDL cholesterol levels associated with 

lean tissue mass loss in healthy premenopausal females (chapter 5). Because 

the beneficial effect ofincreasing lean tissue mass on maintaining HDL 

cholesterol levels was statistically significant only after adjustment for study 

entry date, which ranged from mid-autumn to late winter (chapter 5), 

investigations of the effects of weight loss and/or exercise training on lipid 

and lipoprotein levels that gradually phase-in study participants over time 

should account for this form of inter-individual variation which may be 

related to season (50). In addition, the findings from the third manuscript 

(chapter 5) suggest that the greater benefits observed previously from 

exercise plus diet relative to diet alone on changes in HDL cholesterol levels 

(170) may be partially explained by the ability of exercise to minimize or 

prevent the loss of lean tissue in the face of overall weight loss (169). 

Limitations 

One difficulty in interpreting bivariate relationships between serum 

DHEAS levels and CVD risk factors is that no information in the present 

study was obtained regarding the possible androgenic and estrogenic 
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metabolic fate ofDHEAS. Most notably, circulating DHEAS can be 

peripherally converted to the more potent androgen, testosterone, and to the 

estrogen, estrone (56). Because elevated testosterone levels are associated 

with increased triglyceride and reduced HDL cholesterol levels (49,132,141), 

increased truncal adiposity (39) and elevated serum insulin levels (114,128), 

it remains possible that both significant and nonsignificant relationships 

between serum DHEAS and CVD risk factors may be explained by their 

mutual relation to testosterone levels. In contrast to testosterone, 

endogenous estrone levels have been shown to be inversely correlated with 

truncal adiposity and positively correlated with HDL cholesterol levels in 

women (136). Another limitation to the cross-sectional component of the 

study is the large number of statistical hypothesis tests performed, 

particularly in the second manuscript, which increases the likelihood of type I 

error. For this reason, statistical significance is reported for both the 0.01 

and the 0.05 probability levels. Due to the extremely large number of 

correlations presented in Tables 5-7 (Chapter 4), those coefficients with 

significance levels between 0.01 and 0.05 should be interpreted cautiously. 

Limitations to the longitudinal component of the study include the 

absence of serial measurements of serum DHEAS, lipid and lipoprotein 

levels, the use of only forearm and leg isometric assessments of strength 

changes in both the control and exercise groups, the lack of hemoglobin 

determinations at baseline and 12 months, and the lack of diet record data at 

baseline. Because the within subject day-to-day variability in adrenal 

androgen, lipid and lipoprotein levels which has been estimated at 19% for 

DHEAS (l08), 5% for total cholesterol (16), 20% for triglyceride (16), 10% for 
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HDL cholesterol (16) and 8% for LDL cholesterol (16) was not controlled, 

significant changes in DHEAS, lipid and lipoprotein levels attributable to 

resistive training, or to changes in fat or lean tissue mass may not have been 

as readily detectable. The free- and machine-weight training program 

probably lacked specificity to the isometric tests used to determine training 

effects. For instance, we observed a nonsignificant difference between control 

and exercise groups in the 12 month change in hangrip strength (Table 12). 

In contrast, substantial (18.3%-72.7%) mean changes in the 1 repetition 

maximum for exercises focusing on upper body muscle groups were observed 

within the exercise group (Appendix C). In addition, the potential 

hemodiluting effect of exercise training (152) and hemoconcentrating effect of 

weight loss (119) would have been better controlled by plasma volume 

estimates from hematocrit and hemoglobin (33) rather than by controlling for 

the 12 month change in hematocrit alone as was used in the present study. 

Finally, the present study would have also benefited from the collection of 

diet record data at baseline so that longitudinal changes in dietary intake 

could have been determined. 

One difficulty in attempting to detect significant effects of exercise or 

changes in body composition on changes in serum DHEAS levels may be the 

substantial short-term variability in circulating DHEAS concentrations. 

Orentreich et al. (108) measured serum DHEAS every week for one year in a 

sample offour men and determined an average CV of 19% without observing 

any evidence of a seasonal trend. Although more data are needed to 

determine the day-to-day variability ofDHEAS in women, extrapolation of 

the small sample of male data (108) suggests that the nonsignificant 2.0% 

53 



greater increase in DHEAS in the present sample of exercisers relative to 

controls is well below weekly fluctuations in DHEAS concentrations (108) 

and also below the variability of the assay (12.9%). Therefore, similar to 

recent investigations of the effects of strength training on lipid and 

lipoprotein levels (74,89), future intervention trials will require repeated 

measurements of DHEAS, especially at baseline, to allow determination of 

the true effect of exercise on circulating DHEAS concentrations. 

One limitation common to the second cross-sectional manuscript 

(chapter 4) and the longitudinal analyses (chapter 5) are the previously 

described methodological problems encountered with the fasting insulin 

assays. Therefore, it is possible that the relationships of body composition, 

fat distribution, DHEAS, lipid and lipoprotein levels with fasting insulin may 

have been underestimated (chapter 4). Furthermore, the nonsignificant 

effects of exercise and body composition changes on changes in fasting insulin 

levels may have been obscured or diluted by the methodological uncertainties 

associated with the insulin assays. Due to these uncertainties, the findings 

pertaining to insulin levels are not emphasized in chapters 4 and 5. 

Mechanistic Considerations of DHEAS Findings 

Clearly, more research is needed to determine a mechanism for our 

observed relationship between fat distribution and serum DHEAS (chapter 

3). Such a mechanism is likely to be complex. For instance, it is likely that 

an existing distribution of body fat results in endocrine changes and that 

endocrine changes affect regional fat depots (69). With regard to DHEAS and 

fat distribution, Katz (69) has suggested that his similar finding of a positive 

association between serum DHEAS and truncal fat patterning (70) may be 
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explained on the basis of the inhibitory action ofDHEA and DHEAS on 11 B

hydroxylase activity in the adrenal cortex (133). Katz reasoned that this 

inhibitory action would have the net effect of increasing circulating 

deoxycorticosterone levels, decreasing cortisol levels and increasing 

adrenocorticotropin (ACTH) levels, and that the elevated ACTH levels could 

result in a fat pattern resembling that of patients with Cushing's disease. 

However, such a mechanism is not plausible owing to the stimulatory action 

of ACTH on 11 B-hydroxylase activity (94) and to the recent finding that 

women with high levels of trunk fat also have elevated levels of cortisol 

secretion (90). 

Interestingly, an inverse relationship between circulating DHEAS and 

sex-hormone binding globulin (SHBG) levels has been observed in normally 

menstruating females (156). Low levels of SHBG, moreover, have been 

consistently found in premenopausal females with high amounts of trunk fat 

(27,39,114). Because DHEAS binds loosely with albumin (115) and does not 

bind appreciably to SHBG (68), it seems unlikely that increasing circulatory 

levels of DHEAS would directly inhibit hepatic production of a binding 

protein (SHBG) that determines the free concentrations of other more potent 

androgens and estrogens including testosterone and estradiol. However, 

despite the lack of a clear mechanistic explanation, the inverse relation 

between DHEAS and SHBG (156) would be consistent with our finding of a 

positive correlation between truncal fat distribution and serum DHEAS. 

Future investigations should also examine the metabolic fate of 

DHEAS in women with varying distributions of body fat. In particular, 

determination of potential regional differences in peripheral aromatization of 
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DHEAS to estrone may help to explain why women with a truncal 

distribution of body fat have higher levels ofDHEAS. Haning et al. (56) 

recently estimated via isotopic infusion studies that DHEAS serves as a 

prehormone for 30% of the urinary estrone production in premenopausal 

females. Since Killinger et al. (72) found lower aromatase activities in 

abdominal relative to gluteal sites and since Kirschner et al. (73) found lower 

peripheral estrone production in obese women with increased waist-to-height 

ratios, it is possible that women with greater amounts of fat on the trunk 

convert lesser amounts of DHEAS to estrone. 

However, this hypothesis is limted by the finding that DHEAS, in 

contrast to DHEA, did not have a positive adipose tissue-to-plasma gradient 

(29). This difference suggests that DHEA uptake and aromatization may 

occur to a greater extent than does DHEAS uptake and estrogen synthesis in 

fat tissue. Although the metabolism ofDHEAS to estrone may be indirect 

(e.g., through prior conversion to DHEA), the lower DHEAS concentrations in 

abdominal subcutaneous and omental fat relative to pubic subcutaneous fat 

(29) is consistent with the direction of our correlations between fat 

distribution and serum DHEAS concentrations. 

The finding that increased circulating DHEAS is associated with 

increased proportions of total fat on the trunk (chapter 3) is consistent with 

an androgen-like relationship (39,114) ofDHEAS with body fat distribution. 

However, the finding that increased DHEAS levels are associated with 

decreased LDL and increased HDL cholesterol levels after adjusting for the 

common associations of DHEAS and lipoproteins with fat distribution in 

obese women (chapter 4) is consistent with an estrogen-like (9) relationship of 
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DHEAS with lipoprotein levels. Although DHEAS has demonstrated both 

androgenic and estrogenic activity in humans (35), the positive DHEAS-HDL 

cholesterol relationship is suggestive of an estrogenic or inhibitory effect of 

DHEAS on hepatic lipase activity (153). It has been suggested that DHEAS 

may exert many of its actions through the estrogen receptor (91). 
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CHAPTER 3 

Relationship of Body Fat Percentage and Fat Distribution with 
Dehydroepiandrosterone Sulfate in Premenopausal Females 

Introduction 

Although dehydroepiandrosterone sulfate (DHEAS) is the most 

abundant circulating steroid in humans, its precise biological role is 

unknown. DHEAS is chemically classified as an androgen, serves as a 

precursor for other androgens and estrogens (56), and has demonstrated both 

androgenic and estrogenic activity in humans (35). The pharmacologic 

administration of dehydroepiandrosterone (DHEA) and DHEAS to animals or 

in vitro cell culture systems has resulted in reduced fat cell size (23), 

impaired weight gain and lipogenesis (172), increased protein content of body 

mass (147), and inhibited differentiation of fibroblasts to adipocytes (52,127). 

Variable results have been observed in studies relating body composition to 

exogenously elevated or normal endogenous levels of DHEA(S) in humans. 

Daily oral administration of 1600 mg ofDHEA reduced body fat percentage in 

normal weight young men (103), whereas similar oral DHEA trials did not 

alter body fat in obese men (154) and postmenopausal females (99). In 

premenopausal females, inverse (27,159), positive (38) and nonsignificant (39) 

correlations between endogenous DHEA(S) concentrations and body weight, 

body mass index and percentage of ideal body weight have been reported. 

Elevated circulating DHEAS concentrations have been associated with 

a reduced incidence of cardiovascular disease (CVD) mortality in men (10), 

yet no such relationship has been reported in women. In young men, 

exogenous DHEA administration resulted in a significant reduction in serum 

low density lipoprotein (LDL) cholesterol levels (103), whereas significant 
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reductions in high density lipoprotein (HDL) cholesterol have been observed 

in women following oral (98,99) and injected (92) administrations of DHEA. 

However, none of these studies (10,92,98,99) reported the relationship of 

endogenous or exogenously elevated DHEAS levels with body fat distribution. 

An android or truncal distribution of body fat is a significant predictor ofCVD 

mortality in both men (80) and women (79). In addition, increased amounts 

of truncal fat have been shown to be associated with elevated triglyceride and 

small LDL subfraction levels (30,148), reduced HDL and HDL2 cholesterol 

levels (30,148) and impaired glucose metabolism (31,40,114) in 

premenopausal females. When considered together with the reductions in 

HDL cholesterol levels following exogenous DHEA treatment in women 

(92,98,99), the positive associations of truncal fat distribution with CVD 

mortality (79) and atherogenic metabolic profiles (30,31,40,114,148) in women 

suggest that it is important to examine the relationship between serum 

DHEAS and body fat distribution in premenopausal females. 

Past studies relating serum DHEA(S) levels with total and regional 

estimates of body fat in human subjects have been limited by body 

composition methodology which did not differentiate total and regional fat 

from fat-free tissue. Instead, many investigators have relied on 

indiscriminate measures of total body weight and circumferences 

(27,38,39,159). Other investigators have estimated body fat percentage from 

body density (99,103,154) using a density-to-percent fat conversion equation 

(134) which incorrectly assumes that each individual has an equal density of 

the fat-free tissues. Substantial interindividual differences in the body water 

and bone mineral fractions of the fat-free mass (19,64,164) invalidate the 
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conversion of body density to percent fat from two-component (fat and fat

free) body composition models (134). Thus, the relationship of total and 

regional body fat, as assessed by newer multiple-component body composition 

models, with circulating DHEA(S) levels is not known. 

Dual-energy x-ray absorptiometry (DEXA) is a new methodology that 

estimates fat, soft tissue lean and bone mineral masses and is theoretically 

independent of the assumed constancy of the mineral fraction of the fat-free 

mass (93) that complicates the accurate conversion of body density to 

percentage fat (83,155). Recent work in our laboratory has further 

established the effectiveness of DEXA for estimating total body composition 

(57). To examine the relationship of total and regional body fat with 

endogenous DHEAS levels in women, we measured trunk and limb skinfold 

thicknesses and circumferences, total and regional body fat from DEXA and 

serum levels ofDHEAS in a sample of healthy, Caucasian premenopausal 

females. The present data indicate that circulating DHEAS concentrations 

are significantly related to body fat distribution but not to body fat 

percentage in normally menstruating women. 

Methods 

Subjects 

A total of 106 previously sedentary Caucasian women aged 28-39 years 

were recruited primarily by direct mailings to participate in an 18 month 

trial designed to examine the effect of resistance exercise on bone mineral 

density and soft tissue composition. Subjects were excluded if they had 

performed regular exercise for more than 6 months during the 5 years prior 

to study entry, any resistance exercise for the past 2 years, or any 
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occupational activity involving regular heavy lifting or carrying. In addition, 

subjects had no history of amenorrhea, eating disorders, arthritis, asthma, 

cancer, diabetes, cardiovascular disease, or thyroid disease and were not 

taking any medications known to affect bone mineral density, including oral 

contraceptives. Subjects were also required to have a body mass index (BMI) 

between the age-specific 5th and 95th percentiles for women from the second 

NHANES survey (101) and to not have experienced weight fluctuations of~ 

13.0 kg in the previous year. All subjects gave written informed consent to 

participate in the study. The protocol was approved by the University 

Human Subjects Committee. Only measurements ofDHEAS and total and 

regional body composition made prior to the exercise intervention are given in 

this report. 

Dehydroepiandrosterone Sulfate (DHEAS) 

Blood samples were collected from an antecubital vein after an 

overnight fast during the early follicular phase (days 1-5) of the menstrual 

cycle. Blood samples were separated by centrifugation, and the sera were 

stored frozen at -70°C until analyzed. Serum DHEAS concentrations were 

determined in duplicate for each subject from 10 ilL of serum diluted 1:4000 

with buffer using a commercially available radioimmunoassay kit with a 3H

DHEAS tracer from ICN Biomedicals, Inc. (Costa Mesa, CA). Using a quality 

control serum standard at 6.24 Ilmol/L (2300 ng/mL), the intraassay 

coefficient of variation (CV) was 4.6% for a representative assay, and the 

interassay CV was 12.9%. 
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Anthropometry 

Anthropometric measurements were made on the right side of the body 

according to standard procedures and site locations (85). The mean of three 

measurements that agreed within 10% for skinfold thicknesses, and within 

1.0 cm for circumferences, was analyzed. Skinfold thicknesses were 

measured with Harpenden skinfold calipers (British Indicators, Ltd., St. 

Albans, Herts., UK) at the triceps, forearm, biceps, subscapular, midaxillary 

suprailiac, anterior suprailiac, abdomen, thigh and calf sites. The trunk/total 

skinfold thickness ratio was calculated as the sum of subscapular + 

midaxillary suprailiac + anterior suprailiac + abdomen skinfolds divided by 

the sum of all 9 skinfold thicknesses. The leg/total skinfold thickness ratio 

was calculated as the sum of thigh + calf skinfolds divided by the sum of all 9 

skinfold thicknesses. Circumferences were measured with a retractable steel 

tape at the waist (minimal girth), hip and thigh sites and were used to 

calculate the waist-to-hip (WHR) and waist-to-thigh (WTR) ratios. 

Dual Energy X-ray Absorptiometry (DEXA) 

Total and regional body composition was measured with a dual energy 

x-ray absorptiometer, model DPX (Lunar Radiation Corp., Madison, WI). 

Scans were acquired with a transverse speed of 8 cm/s, resulting in a total 

scan time of approximately 20 min, and were analyzed with the Lunar 

software version 3.1. The theoretical basis of DEXA and its validation 

against a chemical model for assessing fat content has been previously 

described (93). Total body fat percentage from DEXA (%Fat) was calculated 

as [fat mass, g/(fat mass, g + soft tissue lean mass, g+ bone mineral mass, g)] 

x 100. Two indexes of body fat distribution from DEXA, percentage of total 
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fat on the trunk ((trunk fat mass, g/total fat mass, g) x 100) and percentage of 

total fat on the legs ((legs fat mass, g/total fat mass, g) x 100), were also 

calculated. Each subject was scanned twice within a one week period. The 

intraclass correlations between the two repeat scans were r=0.987 for %Fat, 

r=0.976 for the % of total fat on the trunk and r=0.984 for the % of total fat on 

the legs. The mean of the two scans was used in subsequent analyses. 

Statistical Analyses 

The present analysis includes 96 of the original 106 women from whom 

an adequate serum sample for DHEAS determination was available. Four of 

these 96 subjects were non-fasting at the time of venipuncture, 11 subjects 

smoked ~ 10 cigarettes/day and 7 subjects smoked ~ 15 cigarettes/day. Both 

smoking (126) and fasting (61) have previously been shown to be related to 

plasma DHEAS levels. Therefore, categorical variables for smoking behavior 

(O=non-smoker, l=smokes ~ 10 cigarettes/day, 2=smokes ~ 15 cigarettes/day) 

and fasting status (O=fasting, l=non-fasting) were created. Serum DHEAS 

levels have also been shown to be inversely related to age (15,108). Thus, 

analyses examining the relationship between serwn DHEAS and total and 

regional body composition were performed with and without prior 

adjustment for age, smoking and fasting status. Statistical analyses were 

performed with the Statistical Package for the Social Sciences software (139). 

Since serum DHEAS concentrations in JlmollL were positively skewed, 

Pearson correlations and partial correlations determined from linear and 

multiple regressions between hormone levels, total and regional body 

composition, age, smoking and fasting status were performed with log 

transformed DHEAS concentrations to normalize the distribution (skewness 
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reduced from +1.21 to -0.39). Normal distributions of body composition 

variables were found. Correlations with P levels < 0.05 were considered 

statistically significant. 

Results 

The physical characteristics and the mean (± SD) serum DHEAS levels 

in Ilmol/L of the subjects are shown in Table 1. As found by others (108,126), 

serum DHEAS concentrations were positively skewed. In comparison to the 

measured DHEAS concentration (Table 1), the antilog of the mean 

logarithmically transformed serum DHEAS concentration was 4.73 Ilmol/L 

(1742 ng/mL) in our sample of28 to 39 year old women. This antilog mean 

value is similar to the grand mean of 4.70 Ilmol/L (1730 ng/mL) determined 

from the mean antilogs reported earlier for 25-29,30-34 and 35-39 year old 

women (l08). 

The relationships of log DHEAS with estimates of total body 

composition are shown in Table 2. Log DHEAS was not significantly 

correlated with BMI, DEXA-derived estimates of %Fat and Fat-free mass, or 

with smoking behavior and fasting status. In contrast, log DHEAS was 

inversely correlated with age (r=-0.37, P < 0.001) despite the somewhat 

narrow age range of the present sample. The magnitude and P levels of the 

correlations between log DHEAS and the estimates of total body composition 

were essentially unchanged after adjusting for age, smoking and fasting 

status (Table 2). 
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Table 1. Descriptive characteristics of premenopausal female sample 
(N=96) 

Variable Mean±SD 

DHEAS (/lmol!L) 5.48 ± 2.99 
Age (years) 34.3 ± 3.0 
Height (cm) 165.0± 6.2 
Weight (kg) 60.9 ± 10.0 
BMI (kg/m2) 22.3 ± 2.9 
Skinfold Thickness Ratiosa 

Trunkbll'otalC 0.45 ± 0.05 
Leg<iITotalC 0.33 ± 0.05 

Circumference Ratios 
WHRe 0.73 ± 0.04 
WTRf 1.49 ± 0.10 

DEXA Measurements 
%Fa~ 29.9 ± 6.8 
Fat-free mass (kg)h 41.6 ± 4.5 
% of Total Fat on Trunki 34.7 ± 4.5 
% of Total Fat on Legsi 46.9 ± 4.5 

aN=95 
bSum. of suscapular + midaxillary suprailiac + anterior suprailiac + abdomen 
cSum. of triceps + forearm + biceps + thigh + calf + trunkb 
dSum. of thigh + calf 
eWaistihip 
fW aist/thigh 
g(Fat mass/(soft tissue lean mass + bone mass + fat mass» x 100 
hSoft tissue lean mass + bone mass 
i(Trunk fat/fat mass) x 100 
j(Legs fat/fat mass) x 100 
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Table 2. 

Age (years) 
Smoking<: 
Fastingd 
BMI (kglm2) 

Simple and partial correlations of log transformed serum 
DHEAS concentrations with total body composition in 96 
premenopausal femalesa 

Una<ijusted Adjustedb 

r (P value) r (P value) 

- 0.37 «0.001) 
- 0.16 (0.111) 
0.08 (0.410) 
0.15 (0.156) 0.14 (0.184) 

DEXA Measurements 
%Fat 0.14 (0.188) 0.13 (0.214) 
Fat-free mass (kg) 0.03 (0.741) 0.07 (0.514) 

aCalculations for the body composition variables are the same as in Table 1 
b Adjusted for age, smoking and fasting 
cCategorically coded as O=non-smoker (n=78), l=smokes ~ 10 cigarettes/day 
(n=II), and 2=smokes ~ 15 cigarettes/day (n=7) 
dCategorically coded as O=fasting (n=92) and l=non-fasting (n=4) 
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The relationships of log DHEAS with anthropometric- and DEXA

derived estimates of body fat distribution are shown in Table 3. Scatterplots 

oflog DHEAS with estimates of the percentages of total fat located on the 

trunk and the legs from the DEXA measurements are shown in Figure 7. Log 

DHEAS was not significantly correlated with either the WHR or the WTR 

regardless of statistical control for individual differences in age, smoking, 

fasting status and total body composition, as assessed by %Fat or BMI (Table 

3). In contrast, log DHEAS was positively correlated with the trunk/total 

skinfold thickness ratio (r=0.23, P = 0.030) and inversely correlated with the 

leg/total skinfold thickness ratio (r=-0.25, P = 0.015) after adjusting for age, 

smoking and fasting status ('rable 3). The leg/total skinfold thickness ratio 

but not the trunk/total skinfold thickness ratio remained significantly 

correlated with log DHEAS even after further adjustment for either %Fat or 

BMI (Table 3). Of all the indexes of fat distribution examined, log DHEAS 

was most strongly correlated with the DEXA-derived estimates of the 

percentage of total fat located on the trunk. Log DHEAS was positively 

related to the % of total fat on the trunk (r=0.28, P = 0.006) and inversely 

related to the % of total fat on the legs (r=-0.24, P = 0.020) (Table 3 and 

Figure 7). The correlations of DEXA-derived estimates of fat distribution 

with log DHEAS were not affected by age, smoking, fasting status, %Fat or 

BMI (Table 3). 

Discussion 

Increased amounts of total fat located on the trunk and decreased 

amounts of total fat located on the legs were significantly associated with 

increased serum DHEAS concentrations in this study of healthy Caucasian 
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to 

Table 3. Simple and partial correlations of log transformed serum DHEAS concentrations with 
regional body composition in 96 premenopausal femalesa 

Unacljusted A.qjustment 1 b A.qjustment 2c A.qjustment 3d 

r (Pva1ue) r (Pvalue) r (Pva1ue) 

Skinfold Thickness Ratiose 

TrunklI'otal 0.20 (OJ)55) 0.23 (0.030) 0.20 (OlJ57) 

LegITotal -0.20 (0.056) -0.25 (0.015) -0.25 (0.019) 
Circumference Ratios 

WHR -0.02 (0.832) 0.04 (0.697) 0.01 (0.933) 

WI'R 0.04 (0.726) 0.12 (0.255) 0.11 (0.312) 
DXA Measurements 

% of Total Fat on Trunk 0.28 (OlXJ6) 0.32 (OlXJ2) 0.30 (0.004) 

% of Total Fat on Legs -0.24 (0.020) -0.25 (0.015) -0.22 (OlJ31) 

aCalculations for the regional body composition variables are the same as in Table 1 
b Adjusted for age, smoking and fasting 
cAdjusted for age, smoking, fasting and %Fat 
dAdjusted for age, smoking, fasting and BMI 
eN=95 

r (Pvalue) 

0.19 (OlXJ6) 

-0.23 (OJ128) 

-0.02 (0.851) 
0.09 (0.385) 

0.29 (0.W5) 
-0.22 (oJJ33) 
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Relationship of log transformed serum DHEAS concentrations 
with DEXA-derived estimates of the percentages of total fat 
located on the trunk (upper panel, r=0.28, P=0.006) and the legs 
(lower panel, r=-0.24, P=O.020) in premenopausal females 
(N=96). 
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premenopausal females. The significant associations observed between 

DEXA-derived estimates of body fat distribution and serum DHEAS levels 

were largely corroborated by similar correlations between skinfold thickness 

ratios and serum DHEAS. In contrast, the WHR and the WTR were 

unrelated to serum levels ofDHEAS in the present study (Table 3). Evans et 

al. (39) and De Pergola et al. (27) have also reported similar nonsignificant 

correlations between the WHR and circulating DHEAS and DHEA levels in 

premenopausal females. 

A significant relationship between body fat distribution and serum 

DHEAS in Caucasian premenopausal females has not been previously 

reported. Katz et al. (70) found that black adolescent females with high serum 

DHEAS levels also had significantly higher trunk to total skinfold thickness 

ratios (subscapular to triceps + subscapular) than other adolescents with 

moderate and low levels of DHEAS for their age. In addition, LaCroix et al. 

(76) have recently reported that DHEAS concentrations were positively 

correlated with subscapular skinfold thickness in adult men of Japanese 

ancestry. One explanation for the lack of significant correlations between 

regional fatness and DHEAS levels in some of the previous studies (27,39) 

may be that circumference ratios, such as the WHR, are less sensitive indexes 

of fat distribution than either skinfold thickness ratios or DEXA 

measurements. Indeed, the trunk/total skinfold t.hickness ratio was more 

highly correlated with the % of total fat on the trunk from DEXA (r=0.70, P < 

0.001) than were the WHR (r=0.53, P < 0.001) or the WTR (r=0.58, P < 0.001). 

In the present study, the highest correlation observed between an estimate of 

body fat distribution (% of total fat on the trunk) and serum DHEAS had a 
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shared variance of 10.2% (Table 3). Thus, it is possible that girth 

measurements, which do not differentiate between fat and fat-free tissues, 

may not be sensitive enough to detect subtle relationships between fat 

distribution and serum DHEAS levels. The higher interindividual 

coefficients of variation observed across the present sample of subjects for the 

% of total fat on the trunk (12.6%) and the trunk/total skinfold thickness ratio 

(11.1%) in comparison to the WHR (5.5%) and the WTR (6.7%) further 

suggests that circumference ratios may be relatively indiscriminate indexes of 

fat distribution. 

The lack of a significant correlation between either %Fat or BMI and 

serum DHEAS levels is in agreement with DePergola et al. (27), Ellison (38) 

and Evans et al. (39) who reported that BMI (27) the ratio of weight-to-height 

(38) and the percentage of ideal body weight (39) were nonsignificantly 

correlated with serum DHEAS in premenopausal women. Barrett-Connor et 

al. (10) likewise found a nonsignifcant correlation between BMI and serum 

DHEAS in 50-79 year old men. In contrast to our finding and the finding of 

others (10,27,38,39) of no correlation between %Fat or various relative weight 

indices with serum DHEAS, Wild et al. (159) have reported an inverse 

correlation (r=-O.20, P=0.022) between plasma DHEAS levels and body 

weight in 138 women aged 15-38 years. Unlike the present sample of 

eumenorrheic females, all of the women in the study by Wild et al. (159) were 

suspected to be hyperandrogenic due to their clinical presentation of 

hirsutism, acne, oligomenorrhea, or unexplained infertility. 

Despite the finding of no correlation between weight-to-height indices 

and DHEAS in obese (27) and nonobese (38) premenopausal females, 
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DePergola et al. (27) did report a strong inverse correlation (r=-0.90, P<O.OOl) 

between BMI and DHEA, whereas Ellison (38) reported a positive correlation 

(r=0.54, P<O.Ol) between the ratio of weight-to-height and serum DHEA. 

Since only 6 women in the present sample had a BMI in excess of 27 kglm2, 

the present sample differs considerably in body habitus from those studied by 

De Pergola et al. (27) in whom BMIs were ~ 30 kg/m2• The mean BMI (23.5 

kglm2) of the women studied by Ellison (38) is more comparable to that 

observed in the present sample (22.3 kg/m2). The discrepant findings (27,38) 

suggest that DHEA and DHEAS may be differently related to total body 

composition and that the relationship of DHEA with total body composition 

may differ between obese and nonobese subjects. In this same regard, the fat 

distribution-DHEAS relationships observed herein may not be generalizable 

to a more obese sample. 

Exogenous administration of DHEA has been reported to reduce body 

fat percentage in normal weight men (103), but a fat-reducing effect was not 

confirmed by subsequent studies in obese men (154) and postmenopausal 

females (99). The apparent treatment-related change in body fat percentage 

reported by Nestler et al. (103) may be explained by their use of a constant as 

opposed to a measured value for residual lung volume to calculate their 

baseline and post-treatment estimates of body density. The present study not 

only avoided this inaccuracy, but by estimating body fat percentage from 

DEXA (93), it also avoided other inaccuracies (83,155) caused by the 

conversion of body density to percent fat with the Siri equation (134) as was 

done previously (99,103,154). 
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An elevated truncal distribution of body fat is associated with a greater 

risk for CVD mortality (79) and with a more atherogenic metabolic profile 

(30,31,40,114,148) in women. Thus, the present finding of a positive 

association between truncal fat distribution and serum DHEAS may be 

indicative of an underlying relationship of serum DHEAS with CVD or CVD 

risk factors in these women. Future studies examining the -relationship 

between DHEAS and metabolic CVD risk factors in women should consider 

the potential confounding influence of regional adiposity and determine 

whether serum levels of DHEAS are independently related to metabolic CVD 

risk factors and body fat distribution. 

In conclusion, this study demonstrated that increased amounts of total 

fat located on the trunk and decreased amounts of total fat located on the legs 

were associated with increased serum DHEAS concentrations in healthy, 

Caucasian, normally menstruating females. These relationships, moreover, 

were independent of age and total fatness in 28 to 39 year old females with 

body fatness levels ranging from 13.1 to 46.0%. It is hoped that the present 

observations stimulate more research in this area, particularly now that 

regional adiposity can be more accurately measured. 
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CHAPTER 4 

Influence of Fat Distribution on the Relationship of 
Dehydroepiandrosterone Sulfate with Fasting Insulin, Lipid and 

Lipoprotein Concentrations in Obese and Nonobese Premenopausal 
Females 

Introduction 

A truncal distribution of body fat is associated with a more atherogenic 

lipoprotein profile (30,148), an impaired glucose metabolism (31,39,114) and 

an increased risk for cardiovascular disease (CVD) (79) in women. 

Hyperandrogenicity in the form of increased free testosterone and decreased 

sex hormone-binding globulin is associated with increased truncal adiposity 

(39,114), increased triglyceride levels (26,136), and lower levels of high 

density lipoprotein (HDL) cholesterol (55,1.32,136) and insulin sensitivity 

(55,39,114) in both pre- and postmenopausal females. In contrast, oral 

estrogen replacement in postmenopausal females has been shown to decrease 

the incidence ofCVD mortality (140), reduce the age-related accumulation of 

trunk fat (54), decrease LDL cholesterol (9), decrease fasting insulin (11) and 

increase HDL cholesterol (9). 

Dehydroepiandrosterone sulfate (DHEAS) is an adrenal androgen with 

both androgenic and estrogenic activity (35). We have recently shown that 

increased circulating levels ofDHEAS are associated with higher amounts of 

total fat located on the trunk in obese and nonobese premenopausal females 

(161). Although increased circulating levels ofDHEAS at baseline were 

associated with reduced 12 year subsequent CVD mortality rates in one study 

of men (10), few studies have examined the relationship of endogenous 

DHEAS with CVD or metabolic CVD risk factors in either men or women. 
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Age-adjusted DHEAS levels were unrelated to the extent of coronary 

artery atherosclerosis (76) in one study of autopsied men. However, 

angiographically-determined coronary atherosclerosis was found to be 

inversely correlated with plasma DHEAS in 24-50 year old men yet 

uncorrelated with DHEAS levels in 36-60 year old women (62). Serum 

DHEAS was inversely correlated with the total-to-HDL cholesterol ratio in 

women with polycystic ovarian disease, but no correlation was observed in 

normal women (158). A preliminary study reported that circulating levels of 

DHEAS were positively associated with HDL and HDL2 cholesterol levels in 

premenopausal female runners (150). In addition, increased umbilical cord 

plasma levels ofDHEAS were associated with decreased plasma 

concentrations ofLDL cholesterol in male and female newborns (111). 

Many studies have observed a negative association between circulating 

DHEA or DHEAS and insulin concentrations in normal men and women 

(32,65,105-107). However, studies conducted in patients who were insulin 

resistant, hyperandrogenic or both have observed inverse (128,135), positive 

(146) and null (4,8) relationships between either DHEA or DHEAS and 

insulin levels. Since those studies documenting an association between 

reduced DHEA or DHEAS levels and elevated insulin levels involved acute 

experimental hyperinsulinemia induced by an insulin clamp (32,105-107) or 

an oral glucose load (65,84), it has been suggested that the chronic 

hyperinsulinemia experienced by insulin resistant patients may not result in 

chronically low circulating levels ofDHEAS (8). Moreover, a clear 

relationship between experimentally unaltered fasting insulin and DHEAS 

levels has not been demonstrated in healthy subjects. 
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This study was designed to examine the relationship of circulating 

levels ofDHEAS with fasting insulin, serum lipids and lipoproteins in 

premenopausal females. We have recently shown that DHEAS 

concentrations are positively correlated with a truncal distribution of body fat 

independent of overall body fat percentage in these same women (161). Other 

investigators have shown that an android fat pattern is associated with a 

more atherogenic lipid and carbohydrate metabolic profile in obese 

(30,31,39,114,148) but not nonobese (77,78,116) premenopausal females. 

Therefore, in the present study, we examined the relationship of upper, 

truncal and lower body indexes of fat distribution and fat percentage with the 

metabolic CVD risk factors and determined whether the relationship of 

DHEAS with metabolic CVD risk factors was independent of body fat 

distribution in obese and nonobese women. 

Methods 

Previously sedentary Caucasian women aged 28-39 years were enrolled 

to participate in an 18 month trial designed to examine the effect of 

resistance exercise on bone mineral density and soft tissue composition. The 

present report focuses on measurements of total and regional body 

composition, serum lipids, lipoproteins, fasting insulin, and DHEAS made 

prior to the exercise intervention. Interested partcipants were screened by 

questionnaire and excluded for any of the following: history of amenorrhea, 

eating disorders, arthritis, asthma, cancer, diabetes, cardiovascular disease, 

or thyroid disease, taking any medications known to affect bone mineral 

density including oral contraceptives, a body mass index (BMI) below the age

specific 5th percentile or above the 95th percentile for women from the second 
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NHANES survey (101), weight fluctuations ~ 13.0 kg in the previous year, 

performance of regular exercise for more than 6 months during the 5 years 

prior to study entry, any resistance exercise for the past 2 years, or any 

occupational activity involving regular heavy lifting or carrying. All subjects 

gave written informed consent to participate in the study whose protocol was 

approved by the University Human Subjects Committee. Of the 106 women 

who met these criteria, frozen serum samples were available in 94 subjects. 

An additional six subjects were excluded for the following reasons: non

fasting at the time of the blood draw (n=4), missing anthropometric data 

(n=1), and an aberrant fasting insulin value (n=l) which was> 3 SD above 

the mean value. 

Procedures 

Height and weight measurements were made with the the subject 

wearing t-shirt and shorts without shoes. Height was measured with a wall 

mounted stadiometer, and weight was measured with an Accu-Weigh Model 

150 TKlA-58 beam scale (Metro Equipment Corp., Sunnyvale, CAl. BMI was 

calculated as weight {kg)lheight (m)2. Anthropometric measurements were 

made on the right side of the body. The mean of three measurements that 

agreed within 1.0 cm for circumferences and within 10% for skinfold 

thicknesses was used in subsequent analyses. Standard procedures and site 

locations (85) were followed. Circumferences were measured with a 

retractable steel tape at the minimal waist, maximal hip (buttocks) and mid

thigh sites and used to derive the waist-to-hip (WHR) and waist-to-thigh 

(WTR) ratios. Skinfold thicknesses were measured in rotational order with 

Harpenden skinfold calipers (British Indicators, Ltd., St. Albans, Herts., UK) 
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at the triceps, lateral forearm, biceps, thigh, medial calf, subscapular, 

midaxillary suprailiac, anterior suprailiac, and abdomen sites. The sum of 

the arm (triceps + forearm + biceps), leg (thigh + calf) and trunk (subscapular 

+ midaxillary suprailiac + anterior suprailiac + abdomen) skinfolds were 

divided by the sum of total (arm + leg + trunk) skinfold thicknesses to derive 

upper body (arm/total), truncal (trunk/total) and lower body (leg/total) ratios 

of subcutaneous fat distribution. 

Total and regional body composition and fat distribution was measured 

with a dual energy x-ray absorptiometer, model DPX (Lunar Radiation Corp., 

Madison, WI) (93). Scans were acquired with a transverse speed of 8 cm/s, 

resulting in a total scan time of approximately 20 min, and were analyzed 

wi_th the Lunar software version 3.1. Body composition variables included 

total body (%Fat), arms (%Fatarms), legs (%Fatlegs), and trunk (%Fattnmk) fat 

percentages from dual energy x-ray absorptiometry (DEXA). Each total and 

regional fat percentage was calculated as follows: total or regional %Fat = 
[total body or regional fat mass, g/(r of total body or regional fat, soft tissue 

lean and bone mineral masses, g)] x 100. DEXA-derived indexes of body fat 

distribution included the proportions of total fat on the arms, legs and trunk, 

with each index calculated from the regional fat mass divided by the total fat 

mass and expressed as a percentage. Each subject was scanned twice within 

a one week period. The coefficients of variation (CVs), defined as the 

technical error ([SD of the difference/21J2]) expressed as a percentage of the 

mean of replicate measures, were 3.2% for %Fatlegs, 3.7% for total body %Fat, 

4.6% for %Fa1;t;runk and 6.0% for %Fatarms. CVs for DEXA-derived indexes of 

fat distribution were 1.7%, 2.9% and 5.9% for the percentages of total fat 
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located on the legs, trunk and arms, respectively. The mean of the two scans 

was used in the subsequent analyses of the DEXA estimates of fat percentage 

and distribution. 

Venous blood samples were collected from an antecubital vein after an 

overnight fast during the early follicular phase (days 1-5) of the menstrual 

cycle. Blood samples were separated by centrifugation, and the sera were 

stored frozen at -70°C until analyzed. Serum lipid and lipoprotein 

concentrations were measured in the clinical chemistry laboratory at the VA 

Medical Center, Tucson, AZ, which is standardized by a College of American 

Pathologists' surveillance program that routinely monitors laboratory 

measurement quality. Serum total cholesterol was determined by the 

cholesterol oxidase method (3) using a Baxter Para Max Analyzer (BPMA). 

HDL cholesterol was determined by first precipitating VLDL and LDL 

cholesterol with the phosphotungstate method (20) and then by determining 

supernatant cholesterol concentration with the BPMA. Triglyceride 

concentrations were also determined by the BPMA following lipase hydrolysis 

and glycerol oxidation (44). LDL cholesterol was calculated from total 

cholesterol, HDL cholesterol and triglycerides with the Friedwald equation as 

follows: LDL cholesterol = total cholesterol - HDL cholesterol - triglycerides/5 

(45). Triglyceride levels were ~ 227 mgldL in the study sample which is 

important because the Friedwald equation does not compare well with the 

ultracentrifuge method when triglycerides are at or above 400 mg/dL (45). 

Reliability was assessed by a second analysis of baseline lipid and lipoprotein 

levels completed one year after the first analysis in a subsample of 60 

subjects who completed the 18 month intervention. CVs ([technical error/ 
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mean of the replicate assessments] x 100) were 3.3% for total cholesterol, 

6.0% for triglycerides, 10.9% for LDL cholesterol and 13.8% for HDL 

cholesterol. Serum DHEAS and fasting insulin concentrations were 

determined in duplicate for each subject using commercially available 

radioimmunoassay kits with 3H-DHEAS and 1251-insulin tracers from ICN 

Biomedicals, Inc. (Costa Mesa, CA). The intraassay CVs ([SD/mean] x 100) 

assessed from serum quality control standards were 2.8% for fasting insulin 

and 4.6% for DHEAS, and the interassay CVs were 12.9% for DHEAS and 

16.8% for fasting insulin. 

Statistical Analyses 

Statistical analyses were performed with the Statistical Package for 

the Social Sciences software (139). A logarithmic (loglO) transformation was 

used to reduce the skewness of serum DHEAS levels. LoglO DHEAS was 

normally distributed. To determine whether interrelationships among 

hormonal levels, regional body composition and lipid and lipoprotein levels 

were influenced by total body fatness, analyses were performed within 

subsamples of obese (n=40) and nonobese subjects (n=48). Obesity was 

defined as DEXA-determined %Fat ;::= 30% (21). To determine whether 

nonsignificant correlations of a similar magnitude within obese and nonobese 

groups were limited by sample size, analyses of the pooled total sample 

(N=88) were also done to increase statistical power. A chi square test was 

used to determine whether the obese and nonobese groups differed in the 

percentages of subjects who were nonsmokers, light smokers (~ 10 

cigarettes/day) and heavy smokers (;::= 15 cigarettes/day). An independent t

test was used to detect significant mean differences between obese and 
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nonobese subjects in age, body composition (total and regional), hormone, 

lipid and lipoprotein levels. Pearson correlation and stepwise multiple 

regression analyses were used to determine significant bivariate and 

multivariate relationships ofDHEAS, smoking behavior, age, body 

composition and fat distribution with fasting insulin, serum lipid and 

lipoprotein levels. Chi square values, t-ratios, correlation coefficients and 

regression coefficient/SE of regression coefficient ratios with P levels =::; 0.05 

were considered statistically significant. 

Results 

Descriptive statistics (mean ± SD) for smoking behavior, age, body 

composition, fat distribution, hormone levels and lipid and lipoprotein levels 

for obese and nonobese subjects are given in Table 4. The percentages of 

smokers and nonsmokers did not differ between the obese and nonobese 

groups. Obese women (~30%Fat) had significantly higher mean values for 

BMI and higher fat percentages of the total body, arms, legs and trunk. In 

addition, obese women had higher proportions of total fat located on the arms 

and trunk, higher arm/total and trunk/total skinfold thickness ratios, and a 

higher WHR than nonobese women. In contrast, obese women had a 

significantly lower proportion of total fat located on the legs than nonobese 

women. 

The correlations of smoking behavior, age, hormonal levels, body 

composition and fat distributon with total and LDL cholesterol levels in obese 

and nonobese women are given in Table 5. In obese women, fasting insulin 

levels, the proportion of total fat on the arms, and the WHR and the WTR 

were positively correlated with total and LDL cholesterol, whereas the 

81 



Table 4. Body composition, fat distribution and metabolic characteristics 
of study sample 

Variable Total (N=88) 
Mean±SD 

Smoking Behavior 
Nonsmoker (%) 83.0 
Light smokerc (%) 11.4 
Heavy Smoker! (%) 5.7 

Age (years) 34.5± 3.0 
BMI (kg/m2) 22.2 ± 2.7 
Hormone, Lipid and Lipoprotein Levels 

DHEAS (ng/mL) 1988 ± 1134 
LoglO DHEAS (ng/mL) 3.23 ±0.25 
Fasting Insulin (J.l.U/mL) 16.4± 6.6 
Total Cholesterol (mg/dL) 181.4 ± 26.5 
Triglycerides (mg/dL) 75.0 ± 31.2 
HDL Cholesterol (mg/dL) 54.7 ± 12.9 
LDL Cholesterol (mg/dL) 111.8 ± 25.3 

DEXA Measurements 
%Fat 29.6 ± 6.7 
%Fatarms 30.2 ± 9.7 
%Fatlegs 34.6± 5.9 
%Fattrtmk 24.1± 7.2 
Arms/l'otal Fat (%) 1O.2± 2.3 
LegsITotal Fat (%) 47.2±4.5 
TrunklI'otal Fat (%) 34.5 ± 5.6 

Skinfold Ratios 
ArmIrotale 0.22± 0.03 
Leg/l'otale 0.33 ± 0.05 
TrunklI'otale 0.44 ± 0.05 

Circumference Ratios 
WHR 0.73 ± 0.04 
WTR 1.49 ± 0.10 

Significantly different than obese, *p < 0.05; tP < 0.01 
a%Fat~ 30 
b%Fat< 30 
Csmokes S 10 cigarettes/day 
dsmokes ~ 15 cigarettes/day 

Obese (N=40)a Nonobese (N=48)b 
Mean±SD Mean±SD 

87.5 79.2 
10.0 12.5 
2.5 8.3 

34.5 ± 3.4 34.5 ± 2.6 
24.1 ±2.5 20.5 ± 1.6t 

2171± 1319 1854 ± 943 
3.26± 0.27 3.21 ± 0.24 
17.7±6.2 15.3 ± 6.8 

184.6 ± 23.2 178.7±28.9 
76.8± 28.1 73.4± 33.8 
53.9 ± 11.2 55.4 ±14.2 
115.4 ± 23.9 108.7 ± 26.7 

35.4± 3.8 24.8 ± 4.2t 
38.4 ± 6.4 23.3 ± 5.9t 
39.6 ± 3.3 30.4 ± 4.1 t 
30.3 ±4.2 18.9 ± 4.4t 
11.6± 2.2 8.9 ± 1.5t 
44.2 ±3.5 49.6 ± 3.7t 
37.0 ± 3.7 32.4 ± 4.lt 

0.21± 0.02 0.23 ± 0.04* 
0.33± 0.05 0.34 ± 0.06 
0.46± 0.04 0.43 ± 0.06* 

0.74± 0.04 0.72± 0.04* 
1.50± 0.10 1.47 ± 0.10 

eTotal=sum of triceps, lateral forearm, biceps, thigh, medial calf, subscapular, midaxillary 
suprailiac, anterior suprailiac and abdomen skinfold thicknesses 
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Table 5. Correlation of smoking behavior, age, hormonal levels, body composition and fat distribution 
with total and low density lipoprotein (LDL) cholesterol levels 

Total Cholesterol LDL Cholesterol 

Total Obesea Nonobeseb Total Obesea Nonobeseb 
(N=88) (N=40) (N=48) (N=88) (N=40) (N=48) 

Smoking Behaviorc 0.09 0.29 0.02 0.08 0.30 -0.01 
Age (years) 0.09 0.14 0.06 0.14 0.11 0.17 
BMI (kglm2) 0.20 0.23 0.14 0.23* 0.30 0.09 
Hormonal Levels 

LoglO DHEAS (nglmL) -0.05 -0.12 -0.02 -0.09 -0.10 -0.11 
Fasting Insulin (~U/mL) 0.04 0.48t -0.26 0.09 0.47t -0.20 

DEXA Measurements 
%Fat 0.21* 0.18 0.22 0.20 0.25 0.11 
%Fatarms 0.21* 0.18 0.20 0.20 0.18 0.13 
%Faqegs 0.17 0.09 0.16 0.15 0.12 0.04 
%Fattrunk 0.21* 0.17 0.23 0.23 0.29 0.16 
Arms/l'otal Fat (%) 0.24* 0.34* 0.12 0.26* 0.34* 0.11 
Legs/Total Fat (%) -0.19 -0.16 -0.15 -0.22* -0.26 -0.12 
TrunklI'otal Fat (%) 0.14 -0.01 0.16 0.18 0.12 0.15 

Skinfold Ratios 
Arm!I'otal 0.10 0.49t -0.02 0.06 O.44t -0.06 
Leg/l'otal -0.25* -0.34* -0.19 -0.34t -0.48t -0.25 
TrunklI'otal 0.19 0.08 0.21 0.30t 0.25 0.30* 

Circumference Ratios 
WHR 0.16 0.31* 0.03 0.19 0.32* 0.06 
WTR 0.15 0.33* 0.01 0.26t O.44t 0.10 

*p < 0.05; tP < 0.01 
a%Fat ~ 30; b%Fat < 30 
CCategorically coded as O=nonsmoker, 1=smokes;5; 10 cigarettes/day and 2=smokes ~ 15 cigarettes/day 



leg/total skinfold thickness ratio was inversely correlated with total and LDL 

cholesterol. In contrast, the trWlk/total skinfold thickness ratio was 

positively correlated with LDL cholesterol in nonobese women. 

The correlations of smoking behavior, age, hormonal levels, body 

composition and fat distribution with triglyceride and HDL cholesterol levels 

in obese and nonobese women are given in Table 6. In obese women, smoking 

behavior, BMI, %Fat, and %Fattrunk were positively correlated with 

triglycerides and inversely correlated with HDL cholesterol. In addition, the 

proportion of total fat on the legs was inversely correlated with triglycerides 

and positively correlated with HDL cholesterol in obese women. Fasting 

insulin, %Fatarrns, %Fatlegs, the proportion of total fat on the arms and the 

WHR were positively correlated with triglycerides, and the leg/total skinfold 

ratio was positively correlated and the trWlk/total skinfold ratio was 

inversely correlated with HDL cholesterol in obese women. Similar positive 

correlations of total body, arms, legs and trWlk fat percentages with 

triglycerides were also observed in nonobese women. In contrast, no 

significant correlations between body composition or fat distribution and 

HDL cholesterol were observed in nonobese women. 

Correlations of smoking behavior, age, loglO DHEAS levels, body 

composition and fat distribution with fasting insulin levels in obese and 

nonobese women are presented in Table 7. In obese women, BMI, Trunk 

%Fat, the proportion of total fat on the arms and the WHR were positively 

correlated with fasting insulin. The proportion of total fat on the legs was 

inversely correlated with fasting insulin levels in obese women. Contrary to 

all other relationships observed between fat distribution and metabolic CVD 
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Table 6. Correlation of smoking behavior, age, hormonal levels, body composition and fat distribution 
with triglyceride and high density lipoprotein (HDL) cholesterol levels 

Triglycerides HDL Cholesterol 
Total Obesea Nonobeseb Total Obesea Nonobeseb 

(N=88) (N=40) (N=48) (N=88) (N=40) (N=48) 

Smoking Behaviorc 0.36* 0.59t 0.27 -0.14 -0.32* -0.07 
Age (years) 0.06 0.05 0.09 -0.11 0.04 -0.24 
BMI (kg/m2) 0.30t 0.54t 0.18 -0.18 -0.42t 0.02 
Hormonal Levels 

LoglO DHEAS (ng/mL) -0.05 -0.25 0.09 0.11 0.10 0.13 
Fasting Insulin (JlU/mL) 0.33T 0.55t 0.18 -0.26t -0.29 -0.24 

DXA Measurements 
%Fat 0.29t 0.51t 0.35t -0.11 -0.41t 0.06 
%Fatanns 0.27t 0.43t 0.30* -0.10 -0.22 0.01 
%Faqegs 0.26* 0.41t 0.31* -0.06 -0.28 0.10 
%Fa1trunk 0.28t 0.46t 0.36t -0.16 -0.49t 0.01 
Anns/rotal Fat (%) 0.31t 0.51t 0.20 -0.16 -0.29 -0.06 
Legs/Total Fat (%) -0.27t -0.35* -0.26 0.18 OAlt 0.05 
Trunk/l'otal Fat (%) 0.20 0.09 0.26 -0.17 -0.30 -0.08 

Skinfold Ratios 
ArmII'otal -0.06 0.06 -0.09 0.10 0.05 0.11 
Legfl'otal -0.14 -0.20 -0.10 0.23* 0.41t 0.13 
Trunk/I'otal 0.17 0.18 0.15 -0.29t -0.45t -0.20 

Circumference Ratios 
WHR 0.21* 0.34* 0.11 -0.16 -0.22 -0.10 
WTR 0.04 0.09 -0.01 -0.22* -0.29 -0.16 

*p < 0.05; tP < 0.01 
a%Fat ~ 30; b%Fat < 30 
CCategorically coded as O=nonsmoker, l=smokes ~ 10 cigarettes/day and 2=smokes ~ 15 cigarettes/day 



Table 7. Correlation of smoking behavior, age, DHEAS, body composition 
and fat distribution with fasting insulin levels 

Fasting Insulin 
Total Obesea Nonobeseb 

(N=88) (N=40) (N=48) 

Smoking Behaviorc 0.16 0.12 0.23 
Age (years) 0.04 -0.05 0.13 
BMI (kg/m2) 0.33t 0.41t 0.16 
Hormonal Levels 

LoglO DHEAS (ng/mL) 0.15 0.17 0.11 
DXA Measurements 

%Fat 0.28t 0.28 0.19 
%Fatanns 0.27t 0.26 0.15 
%Fatlegs 0.28t 0.12 0.27 
%Fattrunk 0.25* 0.33* 0.08 
Armstrotal Fat (%) 0.30t 0.38t 0.11 
LegsITotal Fat (%) -0.19 -0.41t 0.12 
Trunktrotal Fat (%) 0.10 0.20 -0.13 

Skin fold Ratios 
Arm!rotal 0.01 0.19 0.01 
LegtTotal 0.07 -0.28 0.31* 
Trunktrotal -0.07 0.18 -0.31 * 

Circumference Ratios 
WHR 0.26* 0.47t 0.05 
WTR 0.07 0.11 -0.01 

*p < 0.05; tP < 0.01 
a%Fat~ 30 
b%Fat< 30 
CCategorically coded as O=nonsmoker, 1=smokes S 10 cigarettes/day 
and 2=smokes ~ 15 cigarettes/day 
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risk factors, the trunk/total skinfold ratio was inversely correlated, and the 

leg/total skinfold ratio was positively correlated with fasting insulin in 

nonobese women. No significant bivariate correlations were observed 

between loglO DHEAS and fasting insulin (Table 7), total and LDL cholesterol 

(Table 5), or triglycerides and HDL cholesterol (Table 6). 

Since body fat distribution and fasting insulin were related to serum 

lipid and lipoprotein levels, particularly in obese subjects, and since we have 

previously shown that IOglO DHEAS levels are related to fat distribution in 

these women (161) while others have observed significant relationships 

between DHEAS and insulin (32,65,105,107,128,135,146) in women, we 

examined whether fat distribution, fasting insulin and loglO DHEAS were 

independently associated with serum lipid and lipoprotein levels in obese, 

nonobese and the pooled total sample of women. The results of stepwise 

multiple regression analyses to predict total cholesterol (Table 8), LDL 

cholesterol (Table 8), triglycerides (Table 9), and HDL cholesterol (Table 9) 

from smoking behavior, age, BMI, fasting insulin, loglO DHEAS, DEXA 

measurements, skinfold ratios and circumference ratios are presented in 

Tables 8 and 9. We also examined whether fat distribution and loglO DHEAS 

were independently related to fasting insulin levels, but since no significant 

multivariate relationships were observed, these results are not shown. 

The leg/total skinfold ratio was the only significant independent 

predictor of total and LDL cholest.erollevels in the pooled total sample of 

obese and nonobese women (Table 8). In obese women, the arm/total skinfold 

ratio explained 24.1% and fasting insulin accounted for an additional 15.2% 

of the total shared variance in total cholesterol. The leg/total skinfold ratio, 
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Table 8. Stepwise regression of smoking behavior, age, hormonal levels, 
body composition and fat distribution with total and low density 
lipoprotein (LDL) cholesterol levels as dependent variables 

Significant variables in 
order of entry 

Regression 
Coefficient R2 change SEE change 

Dep. Variable = Total Cholesterol (mg/dL) 
Total (N=88)1 

Leg/l'otal Skinfold Ratio (Xl) 
Intercept 

Obesea (N=40)2 
ArmITotal Skinfold Ratio (Xl) 
Fasting Insulin (X2) 
Intercept 

Nonobeseb (N=48) 
No variables entered 

Dep. Variable = LDL Cholesterol (mg/dL) 
Total (N=88)3 

Leg/l'otal Skinfold Ratio (Xl) 
Intercept 

Obesea (N=40)4 
Leg/l'otal Skinfold Ratio (Xl) 
Fasting Insulin (X2) 
LoglO DHEAS (X3) 
ArmITotal Skinfold Ratio (X4) 
Intercept 

Nonobeseb (N=48)5 
Trunklrotal Skinfold Ratio (Xl) 
Intercept 

-125.9* 
223.4 

387.1t 
1.5t 
76.3 

-165.6t 
167.0 

-202.6t 
l.4t 

-28.9t 
279.1* 
192.6 

136.8* 
49.8 

Regression coefficient/SE Regression coefficient, *p S 0.05; tP s 0.01 
a%Fat~ 30 
b%Fat< 30 
ICumulative R2 = 0.063; SEE = 25.8 mg/dL 
2Cumulative R2 = 0.393; SEE = 18.6 mg/dL 
3Cumulative R2 = 0.118; SEE = 24.1 mg/dL 
4Cumulative R2 = 0.514; SEE = 17.6 mg/dL 
5Cumulative R2 = 0.087; SEE = 25.8 mg/dL 

0.063 25.8 

0.241 20.5 
0.152 1.9 

0.118 

0.229 
0.120 
0.090 
0.075 

0.087 

24.1 

21.3 
1.5 
1.1 
1.1 

25.8 
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Table 9. Stepwise regression of smoking behavior, age, hormonal levels, 
body composition and fat distribution with triglyceride and high 
density lipoprotein (HDL) cholesterol levels as dependent 
variables 

Significant variables in 
order of entry 

Regression 
Coefficient R2 change SEE change 

Dep. Variable = Triglycerides (mgldL) 
Total (N=88)1 

Smoking (Xl) 
DEXA ArmsITotal Fat (X2) 
Fasting Insulin (xa) 
Intercept 

Obesea (N=40)2 
Smoking (Xl) 
Fasting Insulin (X2) 
DEXA ArmsITotal Fat (xa) 
Intercept 

Nonobeseb (N=48)a 
DEXA %Fattrunk (Xl) 
Intercept 

Dep. Variable = HDL Cholesterol (mgldL) 
Total (N=88)4 

Trunkll'otal Skinfold Ratio (Xl) 
Fasting Insulin (X2) 
LoglO DHEAS (xa) 
Intercept 

Obesea (N=40)5 
DEXA %Fattrunk (Xl) 
Trunkll'otal Skinfold Ratio (X2) 
LoglO DHEAS (xa) 
Intercept 

Nonobeseb (N=48) 
No variables entered 

18.6t 
3.2* 
1.0* 
22.0 

33.0t 
1.7t 
3.6t 
-0.9 

2.7t 
21.7 

-82.7t 
-0.6t 
11.1* 
65.7 

-l.lt 
-96.8t 
11.2* 
95.2 

Regression coefficient/SE Regression coefficient, *P :s; 0.05; tP ~ 0.01 
a%Fat~30 

b%Fat< 30 
ICumulative R2 = 0.258; SEE = 27.4 mgldL 
2Cumulative R2 = 0.650; SEE = 17.3 mgldL 
aCumulative R2 = 0.126; SEE = 31.9 mgldL 
4Cumulative R2 = 0.206; SEE = 11.7 mgldL 
5Cumulative R2 = 0.408; SEE = 9.0 mg/dL 

0.133 29.2 
0.087 1.3 
0.038 0.5 

0.353 22.9 
0.229 4.2 
0.068 1.4 

0.126 

0.082 
0.079 
0.045 

0.243 
0.097 
0.068 

31.9 

12.4 
0.5 
0.2 

9.9 
0.6 
0.3 

89 



fasting insulin, loglO DHEAS and the arm/total skinfold ratio were all 

independently related to and accounted for 51.4% of the variation in LDL 

cholesterol in obese women. Higher amounts of leg/total skinfold thicknesses 

and loglO DHEAS were associated with lower levels ofLDL cholesterol, 

whereas higher levels of fasting insulin and the arm/total skinfold ratio were 

associated with higher levels of LDL cholesterol in obese women. In nonobese 

women, the trunk/total skinfold ratio was the only significant independent 

predictor of LDL cholesterol. 

Smoking behavior, fasting insulin and the proportion of total fat on the 

arms were significant independent predictors of triglyceride levels in the total 

sample and the obese group (Table 9). These three predictor variables 

accounted for 25.8% and 65.0% of the total variance in the total sample and 

the obese group, respectively. In nonobese women, %Fattnmk was the only 

significant independent predictor of triglyceride levels. After accounting for 

the significant independently inverse associations of the trunk/total skinfold 

ratio and fasting insulin with HDL cholesterol, loglO DHEAS was positively 

related to HDL cholesterol in the total sample of obese and nonobese women 

(Table 9). In obese women, %Fa1:t;runk entered first and accounted for 24.3% of 

the variation in HDL cholesterol. The trunk/total skinfold ratio contributed 

an additional 9.7% and loglO DHEAS another 6.8% to the total explained 

variance in HDL cholesterol in obese women. 

Discussion 

This study extends our previous finding that DHEAS levels are 

positively related to truncal and inversely related to leg fat distribution (161) 

by demonstrating that increased DHEAS levels are associated with decreased 
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LDL and increased HDL cholesterol levels after controlling for the common 

associations ofDHEAS and lipoproteins with fat distribution in obese 

premenopausal females. The present study also confirms past reports that 

upper body and truncal indexes of fat distribution are associated with a more 

atherogenic lipid and carbohydrate metabolic profile, whereas lower body 

(leg) indexes of fat distribution are associated with decreased triglyceride and 

increased HDL cholesterol levels in obese (30,31,148) but not nonobese 

(77,78,116) premenopausal females. 

Because only 6 out of the 40 women with %Fat ~ 30 had a BMI in 

excess of 27 kg/m2, the present study suggests that significant relationships 

between fat distribution and metabolic CVD risk factors can be detected in 

women with less stringent, yet perhaps more exact, definitions of obesity than 

those that have been used by previous investigators (30,31,148). The use of a 

less stringent yet potentially more exact definition of obesity in the present 

study may also explain why the indexes of arm fat distribution were generally 

more highly correlated with metabolic CVD risk factors than were the 

indexes of trunk fat distribution (Tables 5-7). Our finding that 

anthropometric indexes of fat distribution are associated with metabolic CVD 

risk factors in "obese" women who do not differ significantly from their 

"nonobese" counterparts with respect to metabolic CVD risk factor levels 

(Table 4) could have important applications to the targeting of women for fat 

distribution assessment in cardiovascular health screenings. 

In general, DEXA-derived indexes of fat distribution, e.g. arms/total 

fat, were more highly correlated with fasting insulin, triglycerides, total and 

LDL cholesterol than were DEXA-derived estimates of regional fat 
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percentage, e.g. %Fatarms (Tables 5-7), in obese women. The difference in 

correlation magnitude may be partly due to the greater precision and lower 

intraindividual CV s observed for DEXA-derived proportions of total fat 

located on the legs and trunk as compared to fat percentages in the legs and 

trunk (1.7% and 2.9% vs 3.2% and 4.6%). 

Although an earlier study distinguished the potentially adverse effects 

of trunk fat from the protective effects of leg fat on metabolic CVD risk factors 

in obese women (148), our data suggest that leg fat distribution (legs fat/total 

fat) but not leg fat percentage (legs fatllegs total mass) is associated with 

more favorable metabolic CVD risk factor levels. Increased triglyceride levels 

were associated with increased %Fatlegs in the obese women, whereas 

increased amounts of total fat located on the legs were associated with 

decreased fasting insulin, triglycerides, total and LDL cholesterol and 

increased HDL cholesterol in obese women (Tables 5-7). Whereas the latter 

finding is in agreement with the past study (148), the former finding 

somewhat contrasts with the data of Terry et al. (148) who reported that dual 

photon absorptiometry-derived estimates of thigh fat mass were positively 

correlated with HDL and HDL2 cholesterol levels in overweight women. 

However, the women studied by Terry et al. (148) were considerably more 

overweight (mean BMI of27.9 kg/m2 versus 24.1 kg/m2) than the present 

sample of obese women. Besides the possible differences between study 

samples, the strong positive correlation of total body %Fat with %Fatlegs 

(r=O.91) in comparison to its weaker negative correlation with the proportion 

of total fat on the legs (r=-OA 7) in the obese women suggests that %Fatlegs is 

merely reflective of total body adiposity. In contrast, the proportion of total 
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fat on the legs is somewhat indicative of relative leanness and is more 

independent of total body fatness than is %Fatlegs' Although both triglyceride 

and HDL cholesterol levels were significantly correlated with total body %Fat 

(Table 6), triglyceride levels were the only significant metabolic correlate of 

DEXA-derived estimates of total body soft tissue lean mass (r=0.41) in obese 

women (data not shown). 

The association of a more favorable metabolic CVD profile with leg fat 

distribution in the present sample of obese premenopausal females whose 

blood was drawn during the early follicular phase is in agreement with the 

higher lipoprotein lipase (LPL) activity and lower lipolytic responsiveness to 

catecholamines in femoral relative to abdominal adipocytes during this early 

phase of the menstrual cycle (118). An increased femoral and reduced 

abdominal LPL would be consistent with the reduced circulating triglycerides 

and increased HDL cholesterol that were associated with increased leg fat 

distribution (Table 6). An increased proportion offemoral adipose tissue with 

reduced catecholamine-stimulated lipolysis and a reduced proportion of 

abdominal adipose tissue with increased lipolytic activity could possibly 

contribute to reductions in circulating free fatty acid levels (6), and in turn to 

reductions in circulating insulin levels (6,144,145), consistent with the 

inverse correlation observed between leg fat distribution and fasting insulin 

(Table 7). 

Our previous finding (161) that increased circulating DHEAS is 

associated with increased and decreased proportions of total fat on the trunk 

and legs, respectively, is consistent with an androgen-like relationship 

(39,114) ofDHEAS with body fat distribution. However, the present finding 
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that increased DHEAS levels are associated with decreased LDL and 
) 

increased HDL cholesterol levels after adjusting for the common associations 

ofDHEAS and lipoproteins with fat distribution in obese women is consistent 

with an estrogen-like relationship (9) ofDHEAS with lipoprotein levels. 

Although DHEAS has demonstrated both androgenic and estrogenic activity 

in humans (35), the contrasting relationships of DHEAS with fat distribution 

and lipoprotein levels are somewhat unusual. Because fat distribution and 

lipoprotein cholesterol levels may be independent predictors of cardiovascular 

disease (79) the opposing relationships of DHEAS with fat distribution in our 

previous study (161) and with lipoprotein levels in the present study may 

explain why DHEAS levels were unrelated to angiographically-determined 

coronary atherosclerosis in 36-60 year old women (62). 

Nevertheless, Parker et al. (111) did observe a strong inverse 

correlation between umbilical cord plasma concentrations of DHEAS and 

LDL cholesterol (r=-0.68) in newborns, and Thompson and coworkers (150) 

reported strong positive correlations between DHEAS and HDL (r=0.62) and 

HDL2 (r=0.82) cholesterol levels in female runners. In addition, Wild et al. 

(158) reported a significant inverse correlation between DHEAS and the 

total-to-HDL cholesterol ratio (r=-0.39) in women with polcystic ovarian 

disease (PCOD), but no correlation was observed between DHEAS and 

lipoproteins in normal women. Although none of these studies reported fat 

distribution data, it is likely that the newborns (111), runners (150) and 

PCOD patients (158) all represent different yet internally homogeneous 

populations with respect to fat distribution. Thus, it is possible that the 

significant correlations between DHEAS and lipoproteins in the past studies 
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were observed because fat distribution was essentially "held constant" 

(111,150,158), whereas no correlation was observed in "normal" women who 

may have varied widely in fat distribution (158). The studies which reported 

significant correlations between DHEAS and lipoprotein levels found that 

DHEAS accounted for 15% to 67% of the variation in lipoproteins. By 

comparison, after adjusting for fat distribution, DHEAS accounted for 9.0% of 

the variation in LDL (Table 8) and 6.7% of the variation in HDL (Table 9) 

cholesterol in the present sample of obese women. 

Since multicolinearity is a concern of multivariate relationships, it 

should be mentioned that the intercorrelations among the independent 

variables selected in the predictions ofLDL and HDL cholesterol were not 

high. For example, the intercorrelations among the independent predictors of 

LDL cholesterol in the obese women (leg/total skinfold ratio, fasting insulin, 

loglO DHEAS and arm/total skinfold ratio) ranged from r=0.13 (NS) to r=-0.32 

(P<0.01). The independent predictors ofHDL cholesterol (%Fattrunk, 

trunk/total skinfold ratio and IOglO DHEAS) had intercorrelations ranging 

from r=0.17 to r=0.31 in the obese women. The independent associations of 

both %Fattrunk and the trunk/total skinfold ratio with HDL cholesterol 

suggests that higher amounts of total trunk fat (subcutaneous and visceral) 

expressed as a percentage of total trunk mass and higher fractions of total 

body subcutaneous fat located on the trunk are both related to lower HDL 

cholesterol levels in obese women. 

Our data also extend the findings of Azziz et al. (8) and Alper and 

Garner (4) from hyperandrogenic-insulin resistant-acanthosis nigricans 

patients to normal subjects that chronically elevated insulin levels are not 

95 



associated with decreased DHEAS levels as has been shown for acute 

experimentally induced hyperinsulinemia (32,65,105-107). Although it could 

be argued that the uppermost fasting insulin level in the present study (39.57 

IlU/mL) and in Alper and Garner (4) « 50 IlU/mL) were inadequate to reduce 

DHEAS levels, the uppermost fasting insulin level reported by Azziz et al. (8) 

(> 250 IlU/mL) exceeds the average clamped level of 104 IlU/mL used by 

Nestler et al. (106) who concluded that acute hyperinsulinemia reduces 

DHEA by inhibiting adrenal C17, 20 lyase activity. At present, it is not clear 

why acute but not chronic hyperinsulinemia affects circulating DHEA and 

DHEAS levels. 

In summary, an upper body and a truncal compared to a lower body or 

leg distribution of body fat is associated with higher fasting insulin, 

triglyceride, total and LDL cholesterol levels and lower HDL cholesterol 

levels in obese but not nonobese premenopausal females. Moreover, the 

potentially beneficial metabolic effects of leg fat appear to be confined to 

regional fat distribution and do not extend to regional fat percentage. We 

have previously shown that a truncal compared to a leg distribution of body 

fat is associated with higher circulating DHEAS levels, independent of total 

body fatness, in premenopausal females (161). Zero order correlations of 

DHEAS with metabolic CVD risk factors were all nonsignificant in obese and 

nonobese women in the present study. However, in obese women, skinfold

derived indexes of upper and lower body fat distribution, fasting insulin and 

DHEAS levels were all independently related to LDL cholesterol, whereas 

DEXA %Fattrunk, a skinfold-derived index of truncal fat distribution and 

DHEAS levels were independent predictors of HDL cholesterol. It is 

96 



concluded that increased DHEAS levels are associated with decreased LDL 

and increased HDL cholesterol levels after controlling for the common 

associations ofDHEAS and lipoproteins with fat distribution in obese 

premenopausal females. 
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CHAPTER 5 

Effects of Strength Training and Changes in Body Composition on 
Changes in Circulating Lipid, Lipoprotein, Dehydroepiandrosterone 

Sulfate and Fasting Insulin Levels in Premenopausal Females 

Introduction 

In contrast to earlier reports (48,66), a few more recently conducted 

and better controlled studies have documented nonsignificant effects of 

strength training on circulating lipid and lipoprotein levels in men at risk for 

coronary heart disease (74), in obese women (89), and in pre- and 

postmenopausal nonobese women (14). The null effects of strength training 

contrast with the general findings of reduced triglyceride and increased high 

density lipoprotein (HDL) cholesterol, particularly HDL2, associated with 

endurance training (58,169,170). 

It has been suggested that the weight or body fat loss that often 

accompanies chronic aerobic exercise may be primarily responsible for 

endurance training-related changes in lipid and lipoprotein levels (165-168). 

In contrast, body weight is frequently maintained following resistance 

training (17,74,89), and body weight maintenance may be necessary for 

exercise to promote increases in lean mass (42,43). Although the 

nonsignificant effects of strength training on lipid and lipoprotein levels 

(14,74,89) may indirectly support Williams' hypothesis that body fat loss is a 

greater determinant of training-related adaptations in lipoprotein 

metabolism than are changes in skeletal muscle (165), previous endurance 

and strength training studies lacked accurate assessments of how 

longitudinal changes in fat and lean mass affected changes in lipid and 

lipoprotein levels. 
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We have recently demonstrated that dual energy x-ray absorptiometry 

(DEXA), which partitions body mass into fat, bone and soft tissue lean 

components, more accurately detected small changes in soft tissue 

composition than hydro densitometry (47) - the predominant body composition 

method in previous training studies (66,74,166). Thus, the primary aim of 

the present study was to determine separately the effects of 12 months of 

strength training and changes in DEXA-derived estimates of lean tissue and 

fat mass on changes in serum lipid and lipoprotein levels. Because 

circulating levels of the adrenal androgens dehydroepiandrosterone (DHEA) 

and its sulfate ester (DHEAS) have recently been postulated to provide a 

partial explanation for the association between hyperinsulinemia and 

atherosclerosis (104) and because changes in body composition (l03) and 

lipoprotein levels (92,99,103) have resulted from exogenous elevations in 

DHEA and DHEAS levels, coupled with a paucity of information on exercise 

training-related changes in DHEA or DHEAS levels, we also sought to 

determine whether strength training or body composition changes affected 

serum DHEAS and fasting insulin levels. 

Methods 

Subjects 

Previously sedentary Caucasian women aged 28-39 years were 

recruited primarily by advertisements in the community to participate in an 

18 month trial designed to examine the effect of resistance exercise on bone 

mineral density, soft tissue composition, and hormonal, lipid and lipoprotein 

concentrations. Subject exclusionary criteria have been previously reported 

in detail (l61). In brief, screening questionnaires were used to exclude 
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women who were regular exercisers, worked at jobs requiring heavy lifting or 

carrying, had extremely low or high body mass index, experienced weight 

fluctuations ~ 13.0 kg within the last year, had a history of amenorrhea, 

arthritis, asthma, cancer, cardiovascular disease, diabetes, eating disorders, 

or thyroid disease, or were taking oral contraceptives. The present report 

considers those subjects who both complied with the data collection protocol 

and completed the first 12 months of the intervention. A total of 106 women 

were randomly assigned to exercise or control groups and enrolled in the 

intervention trial over nearly a five month period. Subjects in the control 

group were instructed to make no changes in their lifestyle (exercise habits 

and diet) over the duration of the study. All subjects gave written informed 

consent to participate in the study. The protocol was approved by the 

University of Arizona Human Subjects Committee. The present sample 

includes a total of 54 subjects assigned to exercise (n=27) and control (n=27) 

groups. These subjects had lower mean baseline amounts of fat mass (16.8 vs 

20.6 kg, P=0.006), triglycerides (75.6 vs 103.1 mgldL, P=0.029) and fasting 

insulin (14.98 vs 19.89 IlU/mL, P=O.003) but did not differ significantly in 

mean baseline lean tissue mass, serum lipoprotein cholesterol or DHEAS 

levels (P~0.174) from their counterparts who dropped out of the intervention 

trial (n=34), did not fast prior to blood collection (n=4), or were otherwise 

eliminated for missing data (n=l) or an outlying fasting insulin value (n=1) 

(160,161). An additional 12 subjects were eliminated from the longitudinal 

cohort due to an inadequate amount of serum available for analysis of lipid, 

lipoprotein and hormone levels. 
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Serum Lipid, Lipoprotein, Insulin and DHEAS Levels 

Venous blood samples were collected from an antecubital vein after an 

overnight fast during the early follicular phase (days 1-5) of the menstrual 

cycle. Duplicate aliquots of whole blood were removed for hematocrit 

determination using a microhematocrit centrifuge. Blood samples were then 

separated by centrifugation, and the sera were stored frozen at -70°C until 

analyzed. Baseline and 12 month serum samples for a given subject were 

included in the same assay to minimize interassay variability. Blood 

collections in the exercise training group were made 36-48 hours after the last 

exercise bout to distinguish between possible acute and chronic effects of 

exercise on hormone, lipid and lipoprotein levels (17). Serum lipid and 

lipoprotein concentrations were measured by the clinical chemistry 

laboratory at the VA Medical Center, Tucson, AZ, which participates in a 

College of American Pathologists' surveillance program that routinely 

monitors laboratory measurement quality. Serum total cholesterol was 

determined by the cholesterol oxidase method (3) using a Baxter Para Max 

Analyzer (BPMA). HDL cholesterol was determined by first precipitating 

VLDL and LDL cholesterol with the phosphotungstate method (20) and then 

by determining supernatant cholesterol concentration with the BPMA. 

Triglyceride concentrations were also determined using the BPMA following 

lipase hydrolysis and glycerol oxidation (44). Because no triglyceride levels 

exceeded 400 mg/dL, LDL cholesterol was appropriately calculated with the 

Friedwald equation (45). We have previously reported coefficients of 

variation (CVs= [technical error(SD of the difference/2112)1 mean of the 

replicate assessments] x 100) of 3.3% for total cholesterol, 6.0% for 
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triglycerides, 10.9% for LDL cholesterol and 13.8% for HDL cholesterol (160). 

Serum DHEAS and fasting insulin concentrations were determined in 

duplicate for each subject using commercially available radioimmunoassay 

kits with 3H-DHEAS and 125I-insulin tracers from ICN Biomedicals, Inc. 

(Costa Mesa, CA). We have previously reported intraassay CVs ([SD/mean] x 

100) of2.8% for fasting insulin and 4.6% for DHEAS and interassay CVs of 

12.9% for DHEAS and 16.8% for fasting insulin (160,161). 

Dual Energy X-ray Absorptiometry (DEXA) 

Body composition was measured with a dual energy x-ray 

absorptiometer, model DPX (Lunar Radiation Corp., Madison, WI). Scans 

were acquired with a transverse speed of 8 cm/s, resulting in a total scan time 

of approximately 20 min, and were analyzed with the Lunar software version 

3.1. The theoretical basis ofDEXA and its validation against a chemical 

model for assessing fat content has been previously described (93). Each 

subject was scanned twice at baseline within a one week period. The 

intraclass correlations between the two repeat scans were r=0.990 for fat 

mass, and r=0.992 for lean tissue mass. The CVs, defined as the technical 

error expressed as a percentage of the mean of replicate measures, were 4.7% 

for fat mass and 1.4% for soft tissue lean mass. The mean of the two baseline 

scans was used along with a single scan made 12 months later to determine 

body composition changes in subsequent analyses. 

Strength 

Forearm strength was measured at baseline and 12 months as the 

maximal isometric force resulting from three handgrip trials of unrestricted 

duration with a Stoelting hand grip dynamometer (Stoelting Co., Wood Dale, 
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IL). Leg strength was measured at baseline and 12 months as the peak 

isometric torque resulting from three knee extension trials of unrestricted 

duration with a Cybex II isokinetic dynanmometer (Lumex Inc., 

Ronkonkoma, NY). At baseline, the intraclass correlations for repeated trials 

were r=0.959 for handgrip force and r=0.951 for knee extension torque. 

Diet 

At the beginning of the intervention trial, all subjects were trained to 

estimate food portion sizes and subsequently kept diet records for 8 days of 

randomly assigned diet records per year. Four days (3 weekdays + 1 

weekend day) were recorded prior to 5 and 12 months of intervention. Diet 

records were analyzed for energy intake and macronutrient composition using 

the 1986 USDA Continuing Food Survey of Food Intake by Individuals 

database. The grand mean of the 4 day diet records at both 5 and 12 months 

was used as an index of dietary intake throughout the study. 

Strength Training 

The strength training group began training by exercising for 

approximately 45-60 min, 3 days per week, performing 1 set of 8 repetitions 

at 70% of their 1 repetition maximum (RM) for 12 different weight lifting 

exercises using free weights (bench press, supine fly, bicep curl, military 

press, dead lift, low row, hyperextension and wrist curl) and machines Oat 

pull down, leg curl, leg extension and leg press) (86). Training was gradually 

increased over the first month to 3 sets of 8 repetitions at 70% of 1 RM on 12 

lifts 3 days/week throughout the remainder of the trial. The 1 RM was re

tested every 8 weeks to adjust training loads for strength gains. 
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Statistical Analyses 

To determine the separate effects of 12 months of strength training, 

changes in lean tissue mass (LTM) and changes in fat mass (FM) on 12 

month changes in serum lipid, lipoprotein, DHEAS and fasting insulin levels, 

subjects were classified as control (CTRL, N=27) vs exercise (EX, N=27), LTM 

gainers (N=42) vs LTM losers (N=12), and FM gainers (N=26) vs FM losers 

(N=28). Twelve month changes in all variables were calculated as the 12 

month value minus the baseline value. Independent t-tests were used to 

detect mean differences in baseline age, subject study entry date, strength, 

body composition, and serum lipid, lipoprotein, DHEAS and fasting insulin 

levels between CTRL and EX, LTM gainers and LTM losers, and FM gainers 

and FM losers. A chi-square test was used to determine whether the 

frequency of smokers vs non-smokers differed between CTRL and EX, LTM 

gainers and LTM losers, and FM gainers and FM losers. Analysis of 

covariance (ANCOVA) using initial values, subject study entry date, and the 

12 month change in hematocrit as covariates was used to determine mean 

differences in serum lipid, lipoprotein, DHEAS and fasting insulin level 

changes between CTRL and EX, LTM gainers and LTM losers, and FM 

gainers and FM losers. ANCOV A using initial values and subject study entry 

date as covariates was used to determine mean differences in body 

composition and strength changes between CTRL and EX, LTM gainers and 

LTM losers, and FM gainers and FM losers. Subject study entry date was a 

three digit number wherein the first digit corresponded to the month (1-6) 

and the second and third digits represented the day (01-31) of enrollment. 

Thus, subject study entry dates, ranging from 10/31/89 to 3122190, were coded 
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as 131 to 622, respectively. Initial values were used to control for the 

potential confounding influence of regression to the mean (125). Subject 

study entry date was used to adjust for possible seasonal variation in serum 

lipids and lipoproteins (50,120), circulating DHEAS (28) and body 

composition (25,129) resulting from the 5 month phase-in enrollment of all 

subjects to the 12 month intervention. The change in hematocrit was 

included to account for the possible hemodiluting effects of exercise (152) or 

hemoconcentrating effects of weight loss (119) on humoral variables. In 

addition to these analyses, 2x2 ANCOVAs were used to further evaluate high 

(HDL) and low (LDL) density lipoprotein cholesterol changes. Twelve month 

changes in HDL cholesterol were examined for significant main and 

interactive effects ofCTRL vs EX and LTM gain vs LTM loss, whereas LDL 

cholesterol changes were examined for significant main and interactive 

effects of CTRL vs EX and FM gain vs FM loss. Statistical analyses were 

performed with the Statistical Package for the Social Sciences software (139). 

Serum DHEAS concentrations in ng/mL were 10glO transformed to reduce 

their positive skewness (161). Probability levels < 0.05 were considered 

statistically significant. 

Results 

The random assignment of the 54 subjects to CTRL and EX resulted in 

no statistically significant differences in baseline age, study entry date, 

percentage of smokers, body composition, strength, and serum hormone, lipid, 

and lipoprotein levels (Table 10). In addition, average daily energy intake, 

macronutrient diet composition and alcohol intake did not differ between 
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Table 10. Baseline body composition, strength and serum hormone, lipid 
and lipoprotein levels and average daily dietary intakea in 
control and exercise premenopausal females. 

Control Group Exercise Group 
(N=27) (N=27) 

Baseline Variable Mean±SD Mean±SD P 
Age (years) 34.5± 2.7 34.6 ± 2.6 0.822 
Subject study entry date (month, day) 351 ± 117 324± 120 0.396 
Smokers (%)b 14.8 14.8 1.000 

Height (em) 166.5 ±5.3 165.0± 7.0 0.383 
Weight (kg) 61.4± 9.3 58.2 ± 8.2 0.185 
Lean Tissue Mass (LTM, kg) 39.8± 3.9 39.2 ± 4.8 0.599 
Fat Mass (FM, kg) 18.0± 6.1 15.6 ± 5.0 0.123 

LoglO DHEAS (ng/mL) 3.271 ± 0.185 3.195 ± 0.257 0.217 
Fasting Insulin (J,.lU/mL) 14.59 ± 5.67 15.38± 7.83 0.675 

Triglyceride (mg/dL) 71.8 ± 21.9 79.4 ± 35.6 0.350 
HDL Cholesterol (mg/dL) 64.7 ± 15.5 59.1 ± 17.6 0.228 
LDL Cholesterol (mg/dL) 98.3 ± 22.6 111.6 ± 27.8 0.060 
Total Cholesterol (mg/dL) 177.4 ± 18.8 186.7± 29.2 0.170 

Handgrip Force (kg)C 27.5± 4.5 25.7 ± 4.5 0.157 
Knee Extension Torque (Nm) 132.9 ± 32.4 124.5± 30.3 0.330 

Avg. Daily Energy Intake (kcal)a,d 1828± 438 1894± 467 0.598 
Avg. Daily % Carbohydrate kcala,d 48.3 ± 7.0 51.9 ± 7.5 0.080 
Avg. Daily % Protein kcala,d 15.8 ± 3.4 14.9 ± 2.2 0.306 
Avg. Daily % Fat kcala,d 36.6± 4.8 33.2 ± 7.4 0.058 
Avg. Daily % Alcohol kcala,d 1.2 ± 2.3 2.0±3.3 0.322 

aGrand mean offour day diet records collected at 5 and 12 months. 
bChi-square test of smokers and non-smokers in control vs exercise groups 
cGroupN sizes reduced from 27 and 27 to 25 and 26, respectively. 
dGroupN sizes reduced from 27 and 27 to 27 and 25, respectively. 
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CTRL and EX (Table 10). Although similar nonsignificant differences were 

also observed between LTM gainers and LTM losers (Table 11), FM gainers 

had a higher percentage of their total caloric intake from fats (37.2±5.7 vs 

32.8±6.3) and a lower percentage of their total caloric intake from 

carbohydrates (47.7±7.6 vs 52.4±6.6) than FM losers (Table 11). Due to this 

potential confounding influence of diet and because the percentages of total 

caloric intake from fats and carbohydrates were highly intercon-elated (r=-

0.76, P<O.OOI), the percentage of total caloric intake from fats was used as an 

additional covariate in evaluating differences in 12 month changes in body 

composition, strengt~ and serum hormone, lipid, and lipoprotein levels 

between FM gainers and FM losers. 

The tests for significant mean differences in 12 month changes in body 

composition, strength and serum hormone, lipid, and lipoprotein levels 

between CTRL and EX are presented in Table 12. Exercising subjects had an 

average attendance of 84% to the training sessions. Although not reported 

herein, body weight did not change significantly within or between exercise 

and control groups. Regardless of control for initial values and subject study 

entry date, LTM and peak isometric knee extension torque increased 

significantly (P<O.OOI) more in EX than CTRL. After adjusting for initial 

values and subject study entry date, relative 12 month changes in EX vs 

CTRL averaged 4.3% vs 1.0% for LTM and 15.2% vs -3.6% for peak isometric 

knee extension torque. Despite no significant unadjusted or adjusted 

difference between CTRL and EX for the change in isometric handgrip force, 

the 12 month mean value for isometric handgrip force was significantly 

greater than the baseline value in EX (P<O.OOI) but not in CTRL (P=0.130). 
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Unadjusted serum triglyceride levels were, on average, significantly 

(P=0.039) reduced in EX (-9.2%) relative to CTRL (7.9%). 
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Table 11. Baseline body composition, strength and serum hormone, lipid and lipoprotein levels and average 
daily dietary intakea in premenopausal females gaining or losing lean tissue and fat mass 

LTMGain LTMLoss FMGain FMLoss 
(N=42) (N=12) (N=26) (N=28) 

Baseline Variable Mean±SD Mean±SD P Mean±SD Mean±SD P 
Age (years) 34.5±2.5 34.8 ± 3.4 0.767 34.8±2.7 34.4±2.6 0.506 
Subject study entry date (month, day) 342± 118 320± 122 0.563 327 ± 123 347 ± 115 0.523 
Smokers (%)b 19.0 0.0 0.101 15.4 14.3 0.910 

Height (cm) 165.8 ±6.4 165.8±5.5 0.970 164.6±5.9 166.9±6.3 0.184 
Weight (kg) 58.9±8.2 62.8± 10.6 0.185 58.3 ± 9.2 61.2±8.4 0.227 
Lean Tissue Mass (LTM, kg) 39.3±4.7 40.3±3.1 0.506 38.4±3.9 40.6 ±4.6 0.076 
Fat Mass (FM, kg) 16.2±4.9 18.9 ± 7.7 0.150 16.5± 6.0 17.1±5.4 0.722 

LoglO DHEAS (nglmL) 3.220 ± 0.240 3.278 ± 0.165 0.442 3.232 ± 0.218 3.234 ± 0.235 0.986 
Fasting Insulin (/J.U/mL) 15.18 ± 7.48 14.32 ± 3.58 0.704 16.21± 7.68 13.85± 5.74 0.205 

Triglyceride (mgldL) 74.5 ±31.8 79.6± 20.4 0.602 76.2 ±23.7 75.1± 34.6 0.898 
HDL Cholesterol (mgldL) 61.7 ± 16.5 62.6± 18.0 0.875 62.7± 14.8 61.1± 18.5 0.730 
LDL Cholesterol (mgldL) 106.5± 25.4 99.8± 28.5 0.441 102.5 ± 23.1 107.3± 28.6 0.497 
Total Cholesterol (mgldL) 183.1± 25.3 178.3±23.2 0.564 180.4±20.5 183.5± 28.5 0.653 

Handgrip Force (kg)C 26.4 ± 4.8 27.1 ± 4.0 0.663 26.0 ± 4.7 27.2 ± 4.4 0.358 
Knee Extension Torque (Nm) 128.0 ± 34.4 131.2 ± 18.2 0.761 123.1 ± 22.4 133.9 ± 37.5 0.210 

Avg. Daily Energy Intake (kca1)a,d 1907 ± 483 1702 ± 270 0.167 1811 ± 387 1909 ± 506 0.439 
Avg. Daily % Carbohydrate kcala,d 50.0 ± 6.5 50.2 ± 10.3 0.923 47.7 ± 7.6 52.4 ± 6.6 0.019 
Avg. Daily % Protein kcala,d 15.4 ± 3.0 15.3 ± 2.6 0.902 15.6 ± 2.5 15.2 ± 3.2 0.572 
Avg. Daily % Fat kcala,d 34.8 ± 6.1 35.6 ± 7.4 0.694 37.2 ± 5.7 32.8 ± 6.3 0.010 
Avg. Daily % Alcohol kcala,d 1.7 ± 3.0 1.2 ± 2.1 0.600 1.3 ± 2.6 1.8 ± 3.0 0.468 

aGrand mean offour day diet records collected at 5 and 12 months; bChi-square test of smokers and non-smokers in LTM gain vs 
loss and FM gain vs loss; cLTM gain and loss Ns reduced from 42 and 12 to 39 and 12, respectively;cFM gain and loss Ns reduced 
from 26 and 28 to 25 and 26, respectively; cFM gain and loss Ns reduced from 26 and 28 to 26 and 26, respectively. 



Table 12. Mean 12 month changes in body composition, strength and 
serum hormone, lipid and lipoprotein levels in control and 
exercise premenopausal females. 

12 Month l1 Variable 
LTM l1(kg) 

Unadjusted 
Baseline adjusted 
Multiply adjusted 

FM l1 (kg) 
Unadjusted 
Baseline adjusted 
Multiply adjusted 

LoglO DHEAS l1 (ng/mL) 
Unadjusted 
Baseline adjusted 
Multiply adjusted 

Fasting Insulin l1 (~U/mL) 
Unadjusted 
Baseline adjusted 
Multiply adjusted 

Triglyceride l1 (mgldL) 
Unadjusted 
Baseline adjusted 
Multiply adjusted 

HDL Cholesteroll1 (mgldL) 
Unadjusted 
Baseline adjusted 
Multiply adjusted 

LDL Cholesteroll1 (mg/dL) 
Unadjusted 
Baseline adjusted 
Multiply adjusted 

Total Cholesteroll1 (mgldL) 
Unadjusted 
Baseline adjusted 
Multiply adjusted 

Handgrip Force l1 (kg) 
Unadjusted 
Baseline adjusted 
MUltiply adjusted 

Knee Ext. Torque l1 (Nm) 

Control Group 
(N=27) 
Mean l1 

0.4 
0.4 
0.4 

0.3 
0.4 
0.5 

-0.006 
0.006 
0.007 

2.02 
1.69 
1.65 

5.7 
4.1 
4.1 

-4.7 
-3.5 
-3.1 

4.0 
1.1 
0.6 

0.5 
-0.7 
-1.0 

2.7 
2.6 
2.5 

Exercise Group 
(N=27) 
Mean l1 

1.6 
1.6 
1.7 

-0.5 
-0.6 
-0.7 

0.058 
0.047 
0.046 

0.64 
0.96 
1.00 

-7.3 
-5.7 
-5.7 

-1.1 
-2.3 
-2.7 

-3.1 
-0.2 
0.3 

-5.7 
-4.5 
-4.1 

2.2 
2.2 
2.3 

Unadjusted -5.4 19.6 
Baseline adjusted -4.4 18.6 
Multiply adjusted -4.8 18.9 

Baseline adjustment controls for the initial level of the dependent l1 variable. 

p 

0.001 
0.001 

<0.001 

0.240 
0.138 
0.102 

0.187 
0.365 
0.381 

0.524 
0.633 
0.680 

0.039 
0.065 
0.060 

0.367 
0.740 
0.916 

0.193 
0.785 
0.943 

0.211 
0,416 
0.520 

0.771 
0.830 
0.903 

<0.001 
<0.001 
<0.001 

Multiple adjustment controls for the initial level of the dependent l1 variable and subject study entry 
date; humoral variables were further adjusted for the change in hematocrit from baseline to 12 months. 
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This apparent difference was almost significant after adjusting for baseline 

triglyceride levels (P=0.065, Table 12). No significant differences between 

CTRL and EX were observed for the 12 month changes in fat mass, serum 

DHEAS, fasting insulin, or in total, HDL and LDL cholesterol levels. 

In contrast, after adjusting for baseline HDL cholesterol, hematocrit 

change and subject study entry date, mean serum HDL cholesterol levels 

were maintained to a greater extent in LTM gainers (-1.3%) than in LTM 

losers (-15.0%) over the 12 month intervention (P=0.026) (Table 13). In 

addition, after adjusting for baseline LDL or total cholesterol, hematocrit 

change, subject study entry date and the percentage of total caloric intake 

from fats, mean serum LDL (-4.6% vs 3.3%, P=0.041) and total (-4.5% vs 

0.8%, P=0.032) cholesterol levels were signficantly reduced in FM losers 

relative to FM gainers (Table 13). Regardless of control for baseline LTM, 

subject study entry date and the percentage of total caloric intake from fats, 

FM losers also experienced a significantly greater increase in LTM (2.4% vs 

1.3%, P~0.017) than FM gainers (Table 13). 

To determine whether the HDL cholesterol-maintaining effect of 

gaining LTM and the LDL cholesterol-reducing effects oflosing FM were 

independent of the experimental intervention, 12 month changes in HDL 

cholesterol were examined for mean differences across CTRL, EX, LTM gain 

and LTM loss groups, whereas 12 month changes in LDL cholesterol were 

examined for mean differences across CTRL, EX, FM gain and FM loss 

groups (Figure 8). 
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Table 13. Mean 12 month changes in body composition, strength and 
serum hormone, lipid and lipoprotein levels in premenopausal 
females gaining or losing lean tissue (LTM) and fat mass (FM) 

LTM Gain LTM Loss FM Gain FM Loss 
(N=42) (N=12) (N=26) (N=28) 

12 Month d Variable 
LTMd(kg) 

Una<ljusted 
Baseline a<ljusted 
Multiply a<ljusted 

FM d(kg) 
Una<ljusted 
Baseline a<ljusted 
Multiplya<ljusted 

LoglO DHEAS d (ng/mL) 
Una<ljusted 
Baseline a<ljusted 
Multiply a<ljusted 

Fasting Insulin d (llU/mL) 
Una<ljusted 
Baseline a<ljusted 
Multiplya<ljusted 

Triglyceride d (mg/dL) 
Una<ljusted 
Baseline a<ljusted 
Multiply a<ljusted 

HDL Cholesterol d (mg/dL) 
Una<ljusted 
Baseline a<ljusted 
Multiply a<ljusted 

LDL Cholesterol d (mg/dL) 
Una<ljusted 
Baseline a<ljusted 
Multiplya<ljusted 

Total Cholesterol d (mg/dL) 
Una<ljusted 
Baseline a<ljusted 
Multiplya<ljusted 

Handgrip Force d (kg) 
Una<ljusted 
Baseline a<ljusted 
Multiply a<ljusted 

Knee Ext. Torque d (Nm) 

Meand 

1.6 
1.6 
1.6 

-0.4 
-0.5 
-0.5 

0.021 
0.012 
0.016 

1.79 
2.15 
2.13 

-1.5 
-2.7 
-2.6 

-1.2 
-1.4 
-0.8 

-0.8 
0.6 
-0.4 

-2.3 
-1.7 
-1.9 

1.6 
1.6 
1.6 

Meand 

-0.8 
-0.8 
-0.8 

0.9 
1.0 
1.0 

0.044 
0.054 
0.049 

-0.29 
-0.65 
-0.63 

1.8 
2.9 
2.8 

-9.0 
-8.8 
-9.4 

5.2 
3.7 
4.7 

-3.5 
-4.1 
-3.9 

5.0 
4.9 
5.0 

p 

<0.001 
<0.001 
<0.001 

0.133 
0.071 
0.084 

0.689 
0.444 
0.524 

0.422 
0.124 
0.138 

0.670 
0.382 
0.396 

0.099 
0.070 
0.026 

0.364 
0.575 
0.309 

0.845 
0.667 
0.730 

0.130 
0.139 
0.125 

Meand 

0.5 
0.4 
0.5 

2.0 
2.0 
1.8 

0.007 
0.007 
0.01 

1.16 
2.16 
2.24 

0.5 
0.7 
2.3 

-2.4 
-2.1 
-2.5 

4.2 
3.2 
3.4 

1.9 
1.5 
1.4 

3.2 
3.3 
3.1 

Una<ljusted 9.4 -1.0 0.210 7.0 
Baseline a<ljusted 9.0 -0.6 0.226 5.5 
Multiply a<ljusted 8.8 -0.4 0.250 5.4 

Baseline a<ljustment controls for the initial level of the dependent d variable. 

Meand 

1.5 
1.6 
1.5 

-2.1 
-2.1 
-2.0 

0.044 
0.044 
0.038 

1.48 
0.48 
-0.32 

-2.0 
-2.2 
-4.6 

-3.4 
-3.7 
-2.3 

-3.0 
-1.9 
-4.9 

-6.8 
-6.3 
-8.3 

1.6 
1.6 
1.8 

7.2 
8.6 
7.9 

p 

0.004 
0.003 
0.017 

<0.001 
<0.001 
<0.001 

0.445 
0.405 
0.575 

0.884 
0.277 
0.141 

0.702 
0.584 
0.243 

0.816 
0.635 
0.960 

0.189 
0.264 
0.041 

0.077 
0.088 
0.032 

0.391 
0.363 
0.545 

0.987 
0.645 
0.753 

Multiple a<ljustment controls for the initial level of the dependent d variable, subject study entry date 
and the percentage of fat kcal (FM gain vs loss comparison only); humoral variables were further 
a<ljusted for the change in hematocrit from baseline to 12 months. 
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Figure 8. Twelve month changes in high (HDL) and low (LDL) density 

lipoprotein cholesterol levels in control and exercise subjects 
gaining and losing lean tissue (LTM) and fat mass (FM). 



Using these 2x2 factorial analyses, significant main effects were observed for 

LTM gain vs loss on HDL cholesterol change (Figure 8, upper panel) and for 

FM loss vs gain on LDL cholesterol change (Figure 8, lower panel). 

Nonsignificant main effects of experimental group (CTRL vs EX) and 

nonsignificant experimental x body composition change group (LTM or FM 

gain vs loss) interactions were observed for 12 month changes in both HDL 

and LDL cholesterol levels (Figure 8). However, the small sample sizes limit 

the statistical power of the nonsignificant findings for the interactions. 

Discussion 

Independent of the strength training intervention, 12 month increases 

in LTM were associated with a preservation ofHDL cholesterol while 

decreases in LTM were associated with a decrease in HDL cholesterol. 

Decreases in FM over 12 months were associated with an average reduction 

in LDL cholesterol while increases in FM were associated with increases in 

LDL cholesterol. Our finding of no significant strength training-related effect 

on serum lipid and lipoprotein levels is consistent with the recent findings 

Kokkinos et al. (74), Manning et al. (89) and Blumenthal et al. (14). The 

findings also suggest that changes in not only body fat (165) but also lean 

tissue affect changes in circulating lipoprotein levels. 

Unique to the present investigation is the observation that loss of soft 

tissue lean mass may be detrimental to maintaining HDL cholesterol levels. 

Despite the modest loss of soft tissue lean mass which ranged from -28 g to 

-1.9 kg in the 12 subjects who lost LTM, the change in HDL cholesterol in 

these subjects averaged -9.0 ± 16.8 mg/dL. Assuming no other changes in risk 

factor profile, a 9.0 mg/dL drop in HDL cholesterol corresponds approximately 
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to a 2% increase in the risk for coronary heart disease in women with an 

initial HDL cholesterol level of -63 mg/dL (5). Although this is only a slight 

increase in risk in women with relatively high HDL cholesterol levels, women 

with lower initial HDL cholesterol levels would experience more substantial 

increases in coronary heart disease risk. In addition, the magnitude of the 

soft tissue lean mass loss was small in the present study averaging only -0.8 

kg in those subjects experiencing a net loss ofLTM over 12 months. In 

contrast to the present intervention, substantial weight loss resulting 

primarily from endurance exercise training increases the risk and magnitude 

oflosing lean mass (43). Lean mass losses of up to nearly 6.0 kg have been 

observed in training studies ranging from 8 weeks to 10 months in duration 

(42). The findings from the present study support the findings of a recent diet 

alone vs a diet plus exercise weight loss trial (170) and suggest that weight 

loss programs that minimize the loss or encourage the maintenance or gain of 

lean mass while promoting fat mass loss would be most beneficial for 

improving coronary heart disease risk factor profiles. 

Forbes (41) has recently advanced the concept that changes in lean and 

fat tissue are often companions of one another, and that exercise frequently 

cannot maintain lean mass in instances where energy balance is markedly 

negative (43). Thus, perhaps the nonsignificant difference in energy intake 

between FM losers and gainers (Table 11) offers a partial explanation for how 

those subjects losing relative to those gaining FM also experienced a greater 

increase in LTM (Table 13). Although the results are not presented in the 

tables, when we further adjusted the mean changes in LDL and total 

cholesterol levels in the FM gainers and losers for the change in LTM with 
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baseline LDL and total cholesterol, subject study entry date and hematocrit 

change as additional covariates, the probability levels for determining a FM 

gain vs loss difference changed from a significant to a nonsignificant level for 

the change in both LDL (0.041 vs 0.096) and total (0.032 vs 0.061) cholesterol 

levels. In contrast, further adjustment of the multiply adjusted mean 

changes in HDL cholesterol levels in the LTM gainers and losers for the 

change in fat mass strengthened the statistical significance (0.026 vs 0.015) of 

the HDL-reducing effects of the loss ofLTM. Although these analyses 

suggest. that changes in LTM compared to changes in FM have a greater 

effect on changes in lipoprotein cholesterol levels, the greater precision and 

lower coefficient of variation of the DEXA instrument for measuring LTM as 

compared to FM (1.4% vs 4.7%) may also explain in part why changes in LTM 

affected lipoprotein cholesterol changes more so than did changes in FM. 

Because it appeared that three subjects may have contributed most to 

the 15% average reduction in HDL cholesterol levels in the LTM loss group 

(Figure 8), individual changes in LTM were examined in those subjects 

experiencing the greatest 12-month reduction in HDL cholesterol levels 

(Appendix D). Despite a substantial reduction in HDL cholesterol levels in 

these 3 subjects (-35.0 ± 7.9 mg/dL), their loss ofLTM (0.6 ± 0.4 kg) was 

somewhat below the 0.8 kg average loss ofLTM among all 12 LTM losers. 

Although those individuals with the greatest reductions in HDL cholesterol 

levels did not likewise display the greatest loss ofLTM, their contribution to 

the comparison between LTM gainers and LTM losers may have been 

partially offset by the inclusion of3 subjects in the LTM gain group with a 

similar reduction in HDL cholesterol levels (-32.7 ± 9.9 mg/dL) (Appendix D). 
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It may therefore be notable that no subjects in the LTM loss group had a 12-

month increase in HDL cholesterol levels above +10 mg/dL, whereas seven 

subjects in the LTM gain group had HDL cholesterol changes ranging from 

+12 to +26 mg/dL. Therefore, the present data suggest that longitudinal 

increases in circulating HDL cholesterol levels may be attenuated by the loss 

ofLTM. 

It is not wholly unexpected that the 12 month loss versus the gain of 

LTM resulted in a significantly greater reduction in HDL cholesterol levels 

(Table 13). Increases in skeletal muscle endothelial lipoprotein lipase activity 

which occur with acute and chronic exercise increase triglyceride clearance 

and HDL cholesterol levels (151). With this qualitative adaptation in mind, it 

is plausible to speculate that a quantitative reduction in skeletal muscle 

endothelial lipoprotein lipase may occur concomitantly with the loss ofLTM 

which could explain why greater reductions in HDL cholesterol levels were 

observed in those subjects with declining amounts ofLTM. However, the 

absence of an increase in HDL cholesterol levels in subjects gaining LTM 

renders this explanation somewhat tenuous. Furthermore, it is curious that 

we did not observe an increase in HDL cholesterol levels in those subjects 

who lost FM over the 12 month intervention as was anticipated on the basis 

of past studies (165-168). Although it is reasonable to suggest that the higher 

carbohydrate intake of the FM losers ('rable 11) may have contributed to their 

reduced HDL cholesterol levels (109), thereby opposing the known increase in 

adipocyte lipoprotein lipase activity associated with body fat loss (131), the 

percentage of carbohydrate kcal was not significantly correlated with the 

change in HDL cholesterol levels (r=-0.08, P=0.572). 
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Because the beneficial effects of increasing LTM and decreasing FM on 

HDL and LDL cholesterol levels, respectively, were statistically significant 

only after adjustment for multiple covariates (Table 13), we also entered the 

covariates in stepwise fashion and determined that subject study entry date 

accounted for the reduction in probability values necessary to reach 

statistical significance. We began enrolling subjects into the study in mid

autumn (October 31, 1989) and concluded enrollment at the beginning of the 

following spring (March 22, 1990). The majority of subjects began and ended 

the 12 month intervention during autumn or winter with only two subjects 

enrolled in the third week of March. Subject study entry date was inversely 

correlated with the change in HDL cholesterol (r=-0.44, P<O.OOl) and 

positively correlated with baseline HDL cholesterol (r=0.35, P=0.009), 

whereas subject study entry date was positively correlated with the change in 

LDL cholesterol (r=0.46, P<O.OOl) and "negatively correlated with baseline 

LDL cholesterol (r=-0.32, P<O.017). 

Seasonal variation in serum cholesterol levels have been observed 

previously (50,120). However, in contrast to our oppositely directed 

correlations of subject study entry date with baseline HDL vs LDL 

cholesterol, HDL and LDL cholesterol levels have previously been shown to 

vary synchronously by season with peak levels occurring during winter (50). 

Therefore, if subject study entry date is accounting for interindividual 

variation in seasonal cholesterol cycles, then our HDL but not our LDL 

cholesterol data are consistent with previous observations (50,120). Although 

our baseline and follow-up measures of circulating lipids and lipoproteins are 

non-serially determined and therefore do not account for day-to-day variation 
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- a limitation overcome by recent strength training studies (74,89), our 

findings suggest that exercise training studies that gradually phase-in study 

participants over time should account for this form ofinterindividual 

variation which may be related to season. 

We know of only two studies examining strength training-related 

changes in androgen levels in females (63,157). Our finding of no significant 

difference in the change in DHEAS levels between CTRL and EX (Table 12) is 

consistent with previous observations of nonsignificant changes in circulating 

testosterone (63,157), androstenedione (157) or sex hormone binding globulin 

(157) following strength training in women. However, there is one report of a 

significant increase in the urinary excretion of 17 -ketosteroids with no change 

in 17 -hydroxycorticosteroid excretion following a one year training regimen 

consisting of both strength and endurance exercise in a 40 year old man (1). 

In addition, Sonka (138) found that a gymnastics exercise program coupled 

with a 900 kcalJday diet prevented the significant decline in plasma DHEA 

levels that was observed with diet alone in obese women. The nonsignificant 

2.0% greater increase in serum DHEAS in EX relative to CTRL is also 

consistent with previously observed trends for nonsignificantly higher 

DHEAS levels in female runners relative to their non-exercising counterparts 

(123,130). 

The generalizability of the present findings may be limited by the 

observation that the mean baseline FM, triglyceride concentrations and 

fasting insulin levels were significantly (PS;0.029) lower in the 12 month 

longitudinal cohort than those who either dropped out, did not follow study 

protocol, or had missing data. Body fatness has previously been shown to be 
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inversely related to exercise program adherance (34). The nonsignificant 

difference between CTRL and EX for the change in FM and the 

nonsignificant differences between CTRL and EX, LTM gainers and losers, 

and FM gainers and losers for the changes in triglyceride and fasting insulin 

levels may, in part, be explained by the biased longitudinal sample which, 

because of its lower initial levels, may have been less resistant to changes in 

FM and circulating triglyceride and fasting insulin levels (125). 

It is concluded that the gain in soft tissue lean mass may prevent 

reductions in HDL cholesterol levels associated with lean tissue mass loss in 

healthy premenopausal females. Future exercise training studies should 

account for the potential confounding influence that extended phase-in 

enrollments of subjects to the treatments across seasons may have on 

changes in lipid and lipoprotein levels. Finally, the present results suggest 

that the greater benefits observed previously from exercise plus diet relative 

to diet alone on changes in HDL cholesterol levels (170) may in part be 

explained by the ability of exercise to minimize or prevent lean tissue loss in 

the face of overall weight loss (169). 
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APPENDIX A: Subject Study Entry Screening Questionnaire 

Subject # 

Effect of Exercise on Bone Mineral 
Content in Women 

Medical History 
Screening Questionnaire 

A. General Background 

Name: 

Address: 

Telephone Numbers: (Home) 

Convenient times to call? 

Occupation: 

Age: 

Height: 

Weight: 

B. Menstrual History 

(Work) 

How many menstrual periods have you had in the last year? 

Approximately how many days are there between cycles? 

How many days does your period last? 

c. Medical History 

Have you ever had a broken bone? 

Which bone? 

Have you ever had a stress fracture? 

Which bone? 
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Are you currently taking any prescribed medicines? 

Which ones? 

Are you currently taking any over-the-counter medicines? 

Which ones? 

Are you currently taking any steroids (i.e., anabolic steroids, 
androgens, estrogens, birth control pills" allergy related corticoids)? 

Which ones? 

Are you currently taking any calcium supplement? 

Which one? 

How long have you taken calcium? 

How many per day? 

Are you currently taking any vitamins? 

Which ones? 

Are you currently taking birth control pills? 

How many times have you been pregnant? 

Number of children? 

Have you ever been told you have an allergy to milk or milk products? 

Have you ever been told you have an eating disorder (i.e., anorexia 
nervosa, bulimia)? 

Do you think you have an eating disorder? 

Do you smoke? 

How many? (# of cigarettes per day) 
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D. Personal History 

YES lID TYPE or DIAGNOSIS 

Heart Disease 

Diabetes 

Liver disease 

Osteoporosis 

Breast cancer 

Uterine cancer 

Other cancer 
(Type 

Hip fracture 



APPENDIXB: Human Subjects Committee Approval 

The University of Arizona 

Human $uDlec:s ClJmmU1ee 
1609 N '.Vatrf!n 18U1ldmg 2201. Roum "': 
Tucson. ~ttzona 05;24 
1602) 6::0-0;21 ar 626 .. 75;5 

8 Febr-.:ary 1988 

~i~ot~: G. Lohman, ?h.~. 
oe;:ar=ent: of E!{e::::.se .lnd 3pc.:c .sc:.a::==s 
:na ;~::ings Sui:di~g 
Ur.:..,er:::.:y of Ari=cna 
liA;::1 :';Hl'US 

Dear ~r. Lehman: 

We have received :he re'fised consent :::::::1 for your :;;:r::::ect, "The Effects of 
c:xer:::.se Training on Sone Mineral C.::::-:.ant in Dif:e:e:: .;qe Groups of Women" 
(HSC ;87-90). All of the conditions set out to ?GU i:I our 16 October 1987 
letter have been met. Therefore, a!?:;;:r::val for ::!lis s:::I:ects-at-risk project 
is granted effective 8 February 1988. 

The Human Subjects Committee (Institutional Review Boa=:) of the University of 
Arizona has a current assurance of coc;liance, number ~1233, which is.on file 
with the Department of Health and HIl:Iil.' Services a.:::! ;:lvers this activity. 

Approval is granted with the understanding that no c::an<;es or additions will 
be made either to the procedures fol::'owed or to ce consent formes) used 
(copies of Which we have on file) ·..,i:!:out the knovleci<;e and approval of the 
Human Subjects COlllDlit:ee and your Co::':ege or Depar:::ental Review Committee. 
Any research related physical or psychological harm :0 any subject must also 
be reported to each committee. 

A uni'fersity policy requires that all sic;ned subject consent forms be kept in 
a pe~nent file in an area designated for :hat J?Ur?Ose =y the Department Head 
or cOll1!?arable authority. This will assure thei.: aceessibility in the event: 
that university officials require the in:ormation oUld ::!:.e ;;>rincipal investigator 
is unavailable for some reason. 

Sincerely yours, 

Milan Novak, M.D., Ph.D. 
Chai=an 
Human Subjects Committee 

KN/I!IS 

cc: Departmental/College Review Commi::ee 
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APPENDIX C: TWELVE MONTH CHANGES (kg) IN 1 REPETITION 
MAXIMUM·DERIVED ESTIMATES OF MUSCLE STRENGTH IN 

EXERCISING SUBJECTS 

Exercise Baselinea 12 Monthsb 

Mean SD Mean .1. SD .1. Mean %.1 

Bicep Curl 19.1 3.9 5.6 4.3 29.3 
Bench Press 28.0 5.4 10.9 3.6 38.9 
Supine Flys 8.8 2.4 6.4 2.3 72.7 
Lat Pull down 31.1 5.9 5.7 6.1 18.3 
Military Press 21.0 4.0 6.4 4.7 30.5 
Low Rows 30.2 6.3 9.8 6.4 32.4 
Right Wrist Curl 13.0 2.6 3.5 2.2 26.9 
Leg Curl 21.3 4.9 9.2 5.0 43.2 
Leg Extension 35.6 12.9 19.4 10.3 54.5 
Leg Press 109.5 33.5 38.9 44.8 35.5 
Hack Squat 70.0 30.0 49.1 36.7 70.1 
Hvnerextensions 31.6 8.4 0,6 8,9 1.9 

aN=24 

bN=20-24 



APPENDIX D: INDIVIDUAL CHANGES IN DEXA-DERIVED 
ESTIMATES OF LEAN TISSUE MASS IN THOSE SUBJECTS 

EXPERIENCING THE GREATEST 12-MONTH DECLINE IN HDL 
CHOLESTEROL 

Q~J:2e Nurnb~r HDL QhQl~st~rQl L\ L~S!n Tissye MS!s~ L\ 

Lean Tissue Mass Gainers 
38 -28 mgldL +254.5 g 

48 -26 mgldL +1445.5 g 

39 -44m~L +2654.5 ~ 
Mean±SDL\ -32.7 ± 9.9 mg/dL +1451.5 ± 1200.0 g 

Lean Tissue Mass Losers 
54 -32 mgldL -236.5 g 

44 -44 mgldL -593.0 g 

51 -29m~L -962.0 ~ 

Mf2BD ;t all t:. -3a.D + l.a ml!!dL -fial.2;l; 362.B It 
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